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Abstract

Background.—Weight-bearing jump tests that measure lower-extremity muscle power may be 

more strongly related to physical performance measures vs. non-weight-bearing leg press power, 
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leg press strength and grip strength. We investigated if multiple muscle function measures 

differentially related to standard physical performance measures.

Materials/Methods.—In the Developmental Epidemiologic Cohort Study (DECOS; N=68; age 

78.5±5.5 years; 57% women; 7% minorities), muscle function measures included power in 

Watts/kg (functional, weight-bearing: jump; mechanical: Nottingham power rig; Keiser pneumatic 

leg press) and strength in kg/kg body weight (Keiser pneumatic leg press; hand-held 

dynamometry). Physical performance outcomes included 6m usual gait speed (m/s), usual-paced 

400m walk time (seconds), and 5-repeated chair stands speed (stands/s).

Results.—Women (N=31; 79.8±5.0 years) had lower muscle function and slower gait speed 

compared to men (N=25; 78.7±6.6 years), though similar 400m walk time and chair stands speed. 

In partial Pearson correlations adjusted for age, sex, race and height, muscle function measures 

were moderately to strongly correlated with each other (all p<0.05), though the individual 

correlations varied. In multiple regression analyses, each muscle function measure was statistically 

associated with all physical performance outcomes in models adjusted for age, sex, race, height, 

self-reported diabetes, self-reported peripheral vascular disease and self-reported pain in legs/feet 

(all p<0.05). Jump power (β=0.75) and grip strength (β=0.71) had higher magnitudes of 

association with faster gait speed than lower-extremity power and strength measures (β range: 0.32 

to 0.7158). Jump power (β=0.56) had a slightly lower magnitude of association with faster 400m 

walk time vs. Keiser power70% 1-RM (β=0.61), and a higher magnitude of association vs. 

Nottingham power, Keiser strength and grip strength (β range: 0.41 to 0.47). Jump power (β=0.38) 

had a lower magnitude of association with chair stands speed than any other power or strength 

measures (β range: 0.50 to 0.65).

Conclusions.—Jump power/kg and grip strength/kg may be more strongly related to faster gait 

speed, a standard measure of physical function and vital sign related to disability and mortality in 

older adults, compared to leg press power/strength. However, jump power/kg had a similar 

magnitude of association with 400m walk time as Keiser power70% 1-RM/kg and a lower 

magnitude of association with faster chair stands speed than the other muscle function measures. 

Importantly, choice of muscle function measures should carefully reflect the study focus and 

methodologic considerations, including population.

Keywords

Epidemiology; muscle; countermovement; power; physical function

1. Introduction

Both muscle power (force*velocity)1,2 and strength3-9 have been extensively used as 

measures of muscle mechanical function in aging studies. However, inconsistent 

relationships of lower-extremity muscle power and strength have been found with physical 

function including short (e.g. 6-meter) and long distance gait speed (e.g. 400m walk, 6 

minute walk), chair stand speed, the Short Physical Performance Battery (SPPB) score and 

stair climb time.10-22 These inconsistent findings may be due to the different intrinsic 

properties of power vs. strength (e.g. eccentric vs. concentric muscle actions, velocity of 

movement included, dynamic vs. static) and the diversity of the protocols used.23 Most 
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studies have measured lower-extremity muscle function using dynamic or isometric 

movements in the seated position with power rigs10-12,17 or leg press,13,14 and static upper-

extremity muscle function using grip strength.10,16,17,22 Although both muscle power and 

strength are lower at older ages compared to younger ages, the magnitudes are greater in 

muscle power compared with muscle strength,24-29 suggesting that power may be an earlier 

indicator of age-related muscle function loss compared to strength.

Weight-bearing tests that assess muscle power may be more strongly related to the ability to 

perform objective measures of physical performance that are also weight-bearing (e.g., 

walking or rising from a chair) vs. non-weight-bearing tests. Few studies have examined the 

relationship between weight-bearing tests (i.e. countermovemnt jump tests) and physical 

performance.16,19,20,30 Importantly, not all have included both men and women in the same 

study and none of these past studies included and/or compared other muscle mechanical 

function tests (e.g., grip strength, Keiser leg press power). Additionally, critical 

biomechanical differences exist between weight-bearing and non-weight-bearing tests. 

Countermovement jump tests include both eccentric and concentric muscle action, as well as 

velocity of movement and other neuromuscular factors (e.g., postural control)31 that are 

required to complete physical performance measures. These countermovement jumps 

performed under unrestricted conditions may be more similar to physical performance 

measures than tests with other postural set-ups, such as the Nottingham leg press power and 

Keiser leg strength/power testing completed in the seated position. Identifying if certain 

muscle function measures are more strongly related to physical performance vs. others may 

help when selecting the most appropriate tests for future studies examining these 

relationships in older adults.

We examined associations of multiple muscle function measures, including lower-extremity 

muscle mechanical power and strength, and upper-extremity muscle strength with physical 

performance (6m usual gait speed, 400m walk time and 5-repeated chair stands speed) in 

older adults. We hypothesized that weight-bearing power would be more strongly related to 

physical performance than other non-weight-bearing lower-extremity muscle function 

measures and upper-extremity grip strength.

2. Materials and methods

2.1 Participants

The Developmental Epidemiologic Cohort Study (DECOS) was conducted at the University 

of Pittsburgh in community-dwelling older adults (age 70+ years) recruited using the 

Pittsburgh Claude D. Pepper Older Americans Independence Center Research Registry.32 

Exclusion criteria included any self-reported health contraindication to physical testing and 

the inability to perform basic mobility tasks (e.g. severe pain, aching, or stiffness while 

walking). A total of 68 participants enrolled in the study. Participants had two clinic visits 

scheduled 8 to 14 days apart, and 64 completed both visits. Of those 64 participants, 87.5% 

(N=56) completed all muscle function measures (jump power, Nottingham power, Keiser 

power and strength, and grip strength) and all physical performance measures (6m usual 

gait, 400m usual walk, and chair stands); 12.5% (N=8) were excluded for inability to 

complete to 400m usual walk test. The tests were completed in the same order across the 
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two test days. The University of Pittsburgh Institutional Review Board approved this study 

and all participants provided written informed consent prior to participation. Participants 

were excluded if they had Modified Mini-Mental State Exam33 score of <80, which was 

administered at the beginning of the first visit.

2.2 Muscle strength

2.2.1 Grip strength—Grip strength was measured using Jamar dynamometers 

(Sammons Preston Rolyan, Bolingbrook, IL, USA)34 for two trials of both hands. 

Exclusions included recent worsening of pain/arthritis in hands or hand surgery in the past 

three months. Maximum grip strength was normalized to body weight (kg/kg body weight). 

In community-dwelling older adults ≥65years, the Jamar dynamometer had excellent 

reliability (Intraclass Correlation Coefficients (ICC); range: 0.91 to 0.95).35

2.2.2 Lower limb dynamic muscle strength—The Reiser pneumatic resistance 

device (A420 model; Reiser Sports Health Equipment, Fresno, CA) was used to assess 

dynamic single leg press strength as 1 repetition maximum (1-RM). Exclusions were for 

brain aneurysm or cerebral hemorrhage in the past six months; bilateral knee and/or hip 

replacement; significant difficulty bending or straightening both knees due to pain, arthritis, 

injury or some other condition; resting systolic blood pressure (SBP) >180 mmHg or <90 

mmHg, or diastolic blood pressure (DBP) >110 mmHg. Participants seated with the leg at a 

90° angle were instructed to press their leg as fast as possible through a full range of motion. 

Two repetitions were performed as a warm-up to leg press strength/power testing. 1-RM was 

assessed with a starting resistance of 40 pounds of force (the lowest setting). The Borg 

Rating of Perceived Exertion (RPE; scale: 6 = “no exertion at all” to 20 = “maximal 

exertion”) was reported with rest for 30 seconds between each repetition for which the RPE 

≥ 15 “hard/heavy”. Resistance was gradually increased until the participant reported an 

RPE=18 (between “very hard” and “extremely hard”). 1-RM testing ended when participants 

reported that they could not continue with higher resistance. Absolute muscle strength from 

raw data was standardized by body weight (kg/kg body weight).

2.3 Muscle power

2.3.1 Lower limb weight-bearing muscle power: countermovement jump test
—Advanced Mechanical Technology Inc. (AMTI) AccuPower force plates (Netforce 

Acquisition Software Version 3.05.01 with Accugait RS-232 setting and Biosoft Analysis 

software version 2.3.0) collected force signals from jump trials at a 1000 Hz sampling rate. 

The jump test protocol has been previously described.24 Exclusions were for inability to 

walk with or without an aid, inability to perform the test without orthotics, or endoprosthesis 

in knee/hip. Briefly, three countermovement jumps (4-5 maximum if ≥1/3 had data quality 

or technical problems) on the force plate were performed. Jump instructions were to jump as 

quickly and as high as possible without pausing between bending the knees and jumping, 

land smoothly, and then stand up straight and remain still. Participants were not instructed 

on use of arms during jumps for a more free-living movement. Pain (scale of 0-10, “0”=none 

to “10”=severe pain) and location of pain were reported after jump tests; no participants 

stopped further testing due to pain. No serious adverse safety events occurred. Peak power 

from the trial with the highest jump height was selected for analysis. All participants had at 
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least ≥1 trial without any technical and data processing exclusions. The analytic variable 

from the selected trial was jump peak power standardized by body weight (Watts/kg body 

weight). The intra-person jump reproducibility was assessed in the Osteoporotic Fractures in 

Men (MrOS) Study at two sites that completed testing twice on the same day with two 

separate examiners per site; jump peak power/kg were significantly and highly correlated 

(ICC=0.85) with low Coefficients of Variation (CV=7.2%).24

2.3.2 Lower limb non-weight-bearing muscle power: single leg press 
(Nottingham power rig and Keiser pneumatic resistance device)—Single seated 

leg press power was measured using the Nottingham power rig (Nottingham University, 

Nottingham, England)36 and Keiser pneumatic resistance device (A420 model; Keiser Sports 

Health Equipment, Fresno, CA). Nottingham single leg press exclusions were for bilateral 

hip replacement in the past six months. Participants were instructed to push the pedal as hard 

and as fast as possible through a full range of motion. Testing was performed until power 

plateaued, or participants completed 5-10 trials to obtain peak power (Watts). The analytic 

variable from the selected trial was Nottingham peak power standardized by body weight 

(Watts/kg body weight). In older adults, power measures from initial and repeat measures 

separated by approximately 1 week were significantly correlated (r=0.97) and had low CVs 

(range: 3.5% to 9.4%), indicating high reliability.36,3738

Keiser single less press exclusions were the same as exclusions for the Keiser 1-RM testing 

(outlined in section 2.2.2). Peak power was assessed by participants pushing at 40%, 50%, 

60%, and 70% of the 1-RM dynamic strength assessment. After approximately 30 minutes 

of no physical activity following the 1-RM assessment, power testing was started. 

Participants completed 2 trials for each intensity (40%, 50%, 60%, and 70% 1-RM) with 30 

seconds of rest between each trial at the same level of resistance and 1 minute of rest 

between each increase in resistance. Raw data exported from the Keiser to the computer 

through a chip system was analyzed. The analytic variable was Keiser peak power from raw 

data standardized by body weight (Watts/kg body weight), which was obtained at intensity = 

70% 1-RM for all participants. If participants had difficulty bending or straightening either 

knee fully due to pain, arthritis, injury, or some other condition, or ever had an injury that 

made one leg weaker than the other, that leg was not tested. The same leg tested during the 

Nottingham power assessment was tested during Keiser strength and power assessments. 

Keiser strength and power were validated against the 1-RM achieved on the double leg 

press, the vertical jump test and maximal power in older women (R2 range: 0.30 to 0.58)39 

and average power and resistance were highly reliable in older men and women (inter- and 

intra-tester reliability, r=0.97 and 0.99, respectively).40

2.4 Lower-extremity physical performance measures

2.4.1 6m usual gait speed—Time to walk 6m at the participant’s usual pace was 

recorded with a stop watch.41 Timing started when the participant began walking from a 

parallel foot position and ended when the first foot crossed the 6m mark. Exclusion was for 

inability to attempt the test. Gait speed was calculated from the fastest time of two trials 

(m/s).
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2.4.2 Usual-paced 400m walk time—Time to walk 400m (10 laps on 20m course) at 

the participant’s usual pace without overexertion32 was recorded at the second visit. 

Exclusions were for inability to attempt the test due to use of a walking aid other than a 

single straight cane; SBP >199 mmHg, DBP >109 mmHg, heart rate <40 or <110 beats/

minute, or heart rhythm abnormalities; shortened clinic visit; or course obstruction/

unavailability. Participants could rest for ≤60 seconds at any time during testing (without 

leaning on any surface or sitting down).

2.4.3 Chair stands speed—Ability to rise once from a standard chair was recorded. 

Exclusion was for inability to attempt the test. Time to complete 5-repeated chair stands 

without using the arms was recorded for all study participants. Chair stands speed was 

calculated as five stands divided by the time to complete the test (stands/second).

2.5 Covariates

Information on age (years), sex (women/men), race (white/other), smoking status (current/

former/never),42 and education (college or higher/ less than college) was obtained from self-

administered questionnaires. Body mass index (BMI) was calculated from weight (balance 

beam or digital scales) and height (Harpenden stadiometers; Dyved UK). Self-reported 

physical activity was obtained from the Community Healthy Activities Model Program for 

Seniors (CHAMPS) questionnaire.43 CHAMPS score was the sum of total time (minutes/

day) spent in all physical activities ≥2 METs (high-light and moderate to vigorous physical 

activity)44 Multimorbidity included self-reported health from the 12-Item Short-Form Health 

Survey (SF-12),45 self-reported difficulty walking ¼ mile (yes/no), self-reported very easy to 

walk ¼ mile (yes/no), self-reported diabetes (yes/no), and self-reported peripheral vascular 

disease (PVD; yes/no). Sensory nerve function was assessed using standard 10-g and light 

touch 1.4-g monofilaments at the dorsum of the great toe by trained examiners after 

warming the participant’s right foot (unless contraindicated, in which case testing was 

performed on the left side) to 30°C.46 Insensitivity (yes/no) was defined as the inability to 

detect at least 3 of 4 touches (combined as one variable in analyses). Peripheral neuropathy 

symptoms included self-reported pain (yes/no) or numbness (yes/no) in the feet or legs in 

the past 12 months.

2.6 Statistical analyses

Descriptive statistics included two-sided t-tests and Chi-square tests to compare baseline 

characteristics between women and men. Muscle function measures were normalized by 

body weight to account for total body mass. Partial Pearson correlations were calculated 

between jump power/kg, Nottingham power/kg, Keiser power70% 1-RM/kg, Keiser 

strength/kg, grip strength/kg, gait speed, 400m walk time and chair stands speed, and were 

adjusted for age, sex, race and height. BMI was not entered as the outcomes were adjusted 

for weight. Correlations were classified as weak (r < 0.4), moderate (0.4 ≤ r ≤ 0.6), or strong 

(r > 0.6).47 Separate stepwise multivariable-adjusted linear regression models were built to 

evaluate the associations per standard deviation (SD) of jump power/kg, Nottingham 

power/kg, Keiser power70% 1-RM/kg, Keiser strength/kg and grip strength/kg with physical 

performance. Covariates with p<0.10 in any model were retained in all final models. As a 

final step, muscle function measure*sex interaction was entered into the fully adjusted 

Winger et al. Page 6

Exp Gerontol. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



models and retained if p<0.05. Standardized β coefficients and 95% confidence intervals 

were reported to compare results across all models. We also calculated percent difference as 

[(β1-β2)/β2]*100, where β2=jump power and β1=other power/strength measure, with 

negative values indicating lower β for power/strength measure vs. jump power. As a 

sensitivity analysis, we replaced the normalized muscle function variable with absolute 

muscle function variable and adjusted for body weight; any attenuation in β coefficients or 

change in significance level was assessed. Analyses were conducted using SAS version 9.4 

(SAS Institute, Cary, NC).

3. Results

The study sample included 31 women (age, mean ± standard deviation = 79.8±5.0 years) 

and 25 men (age, mean ± standard deviation = 78.7±6.6 years). Compared to men, women 

had 31% lower jump power, 42% lower Nottingham power, 31% lower Keiser 

power70% 1-RM, 26% lower Keiser strength and 33% lower grip strength (Table 1; all 

p<0.05). Women also had 9% slower usual gait speed compared to men (p<0.05), though 

similar usual-paced 400m walk time and chair stands speed (Table 1). No sex differences 

were found in age, race, body mass index, education, smoking status, self-reported physical 

activity, self-reported health, self-reported difficulty walking ¼ mile, self-reported diabetes, 

self-reported PVD, or monofilament sensitivity (Table 1). However, women were more 

likely to report pain and numbness in legs/feet vs. men (Table 1; all p<0.05).

In partial Pearson correlations adjusted for age, sex, race and height, muscle function 

measures were moderately to strongly correlated with each other (Table 2; all p<0.05), 

though the strength of individual correlations varied. For correlations with performance 

measures, jump power/kg was moderately correlated with 400m walk time (r=0.54; p<0.05) 

but weakly correlated with gait speed and chair stands speed (r=0.31 and 0.27, respectively; 

all p<0.05). Nottingham power/kg and Keiser power70% 1-RM/kg were moderately correlated 

with all physical performance measures (range: r=0.40 to 0.55; all p<0.05). Keiser leg 

strength was moderately correlated with 400m walk time and chair stands speed (both 

r=0.49; all p<0.05), but weakly correlated with gait speed (r=0.32; p<0.05). Grip strength 

was weakly correlated with all physical performance measures (range: r=0.29 to 0.35; all 

p<0.05).

In multiple regression analyses, each muscle function measure was statistically associated 

with all physical performance outcomes in models adjusted for age, sex, race, height, self-

reported diabetes, self-reported PVD and self-reported pain in legs/feet (Figure 1; all 

p<0.05). Muscle function became more strongly associated with physical performance 

outcomes with the addition of diabetes, PVD and pain symptoms in the legs/feet. Jump 

power (β=0.75; additionally adjusted for jump power/kg*sex interaction) had a higher 

magnitude of association with faster usual gait speed than any other power or strength 

measure (Figure 2): 32% higher than Nottingham power/kg (β=0.51), 23% higher than 

Keiser power70% 1-RM/kg (β=0.58), 57% higher than Keiser strength/kg (β=0.32), and 5% 

higher than grip strength/kg (β=0.71; additionally adjusted for grip strength/kg*sex 

interaction. Jump power (β=0.56) had a 9% lower magnitude of association with longer 

400m walk time than Keiser power70% 1-RM (β=0.61), though was 18% higher than 
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Nottingham power (β=0.46), 16% higher than Keiser strength (β=0.47) and 27% higher than 

grip strength (β=0.41) (Figure 2). Jump power (β=0.38) had a lower magnitude of 

association with faster chair stands speed than any other power or strength measure: 32% 

lower than Nottingham power (β=0.50), 71% lower than Keiser power70% 1-RM (β=0.65), 

32% lower than Keiser strength (β=0.50) and 37% lower than grip strength/kg. In sensitivity 

analyses, β coefficients were not attenuated when replacing the normalized muscle function 

variable with the absolute variable and adjusting for body weight (data not shown).

4. Discussion

The magnitude of association of jump power and grip strength with faster gait speed was 

approximately 1.5 to 2-fold higher than each of the other lower-extremity muscle function 

measures, even after adjusting for potentially confounding factors. Gait speed is commonly 

considered a standard measure of physical function and vital sign related to functional 

outcomes of sarcopenia and frailty,48 and higher risk of disability49,50 and mortality49,51 in 

large epidemiologic studies of older adults. The magnitude of associations of both jump 

power and Keiser power with longer 400m walk time was higher than other muscle function 

tests. Peak power from the Keiser leg press was obtained at 70% 1-RM for all participants in 

our study. The relatively high external loading (70% 1-RM) may be more similar to the 

forces generated during task-based power measures (e.g. maximum peak force in the jump 

tests) in our study. Power at lower percentages of the 1-RM (e.g. 40%) may be more similar 

to power from other seated methods (e.g. Nottingham leg press). The magnitude of 

association of jump power with faster chair stands speed was lower than any other power 

and strength measure. Diabetes, PVD and pain symptoms in the legs/feet may impact both 

muscle function and physical performance in older adults, as muscle function became more 

strongly associated with physical performance outcomes with the addition of these 

covariates. To our knowledge, this is the first study in older adults to compare magnitudes of 

association with multiple physical performance measures for weight-bearing and non-

weight-bearing lower-extremity muscle mechanical function, as well as upper-extremity grip 

strength. The muscle function measures selected for future studies should consider not only 

the study outcomes, but also methodologic considerations including functional ability of the 

population.

In contrast with the unilateral, non-weight-bearing leg press measures in our study that 

include concentric but not eccentric muscle action, the jump test is a bilateral weight-bearing 

muscle function measure that may more closely replicate the weight-bearing conditions of 

physical performance measures. Countermovement jumping includes both eccentric and 

concentric muscle contractions (stretch-shortening cycle, SCC). This potentially translates 

into large force at the lowest position of the center of mass (transition between eccentric and 

concentric phases)1 which are dependent on the downward acceleration and deceleration and 

the subject’s body weight. The SSC allows for generation of greater impulse and upward 

acceleration of the body, and potentially higher velocity compared to shortening-only tests 

(e.g. Nottingham power rig). In addition, the countermovement jump is performed under 

unrestricted conditions requiring other neuromuscular factors (e.g., postural control)31 which 

may be more similar to physical performance measures than other postural set-ups (e.g. 

seated tests, Nottingham power rig, Keiser pneumatic resistance machine). In previous 
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studies of associations between both lower-extremity muscle power or strength and physical 

performance,10,11,13,14,17,19,20,30 most lower-extremity power measures were non-weight-

bearing tests in the seated position.10,11,13,14,17 Past studies that included weight-bearing 

muscle function tests, found associations with physical performance that were lower than in 

our study,19,20,30 possibly since we included healthier older adults who were able to 

complete all muscle function and physical performance measures. Hannam et al.20 (N=463; 

71-87 years; age 77±4 years) included only women and adjusted standardized estimates 

were stronger for jump power (gait speed β=0.44; chair time β =0.42) than lower-extremity 

strength from jump tests (gait speed β=0.13; chair stands time β=0.23). Winger et al.30 

(N=1,242, 71-101 years, age 77±4 years) found stronger associations for jump power (gait 

speed β=0.42; 400m walk time β=0.47; chair stands speed β=0.43) than lower-extremity 

strength from jump tests (gait speed β=0.18; 400m walk time β=0.24; chair stands speed 

β=0.23) in older men. None of these past studies included non-weight-bearing muscle 

function tests; therefore, they could not compare lower-extremity jump power and strength 

to leg press power or leg press strength or determine whether specific muscle function 

measures are more related to certain performance outcomes than others. Our results suggest 

that weight-bearing jump test measures and grip strength may be more robust predictors of 

gait speed compared to seated power and strength measures and therefore should be 

considered in studies of muscle function and physical performance in aging populations, 

especially those with difficulty performing seated tests.

Dynamic lower-extremity muscle mechanical function tests assess muscle groups involved 

in weight-bearing tasks, whereas upper-extremity grip strength is a static muscle action 

measure that does not include weight-bearing muscle groups. We showed that all lower-

extremity muscle function measures were more strongly associated with the 400m walk test, 

an assessment of mobility that requires endurance, fatigue resistance and aerobic capacity,52 

than upper-extremity grip strength.. Only one previous study compared associations of 

lower-extremity power, lower-extremity strength, and upper-extremity strength with physical 

performance. Winger et al.30 found that jump power in older men had a stronger 

relationships with 400m walk time, gait speed and chair stands speed (β range: 0.42 to 

β=0.47) than both lower-extremity strength from jump tests (β range 0.18 to 0.24) and grip 

strength (β range: 0.23 to 0.28), and relationships of lower-extremity strength from jump 

tests and grip with physical performance were similar. Compared to our study population of 

men (age=79.8±5.0 years; 400m walktime=378.3±62.9 seconds; gait speed=1.2±0.2 m/s; 

chair stands speed=0.4±0.1 stands/second), this past study included older men (age=84±4 

years) with similar physical performance (400m walk=369±85 seconds; gait 

speed=1.18±0.22 m/s; chair stands speed=0.42±0.14 stands/second). This suggests that 

lower-extremity weight-bearing tests may be more appropriate than upper-extremity non-

weight bearing tests in older, less functional populations of older adults than well-

functioning older adults. Jump power may be able to differentiate within poor functioning 

individuals, likely due to values of jump power with wider ranges in the oldest adults and 

those with functional limitation.24 Additionally, correlations with 400m walk time were 

higher for lower-extremity power measures (r range: −0.41 to −0.54) compared to grip 

strength (r=−0.35), indicating that weight-bearing and non-weight bearing power may be 

more direct measures of the muscle groups needed to complete the 400m walk test, whereas 
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grip strength may be a proxy measure of lower-extremity muscle function. Assessments that 

measure lower-extremity muscle mechanical function should be considered in studies of 

older adults because the same muscle groups are also required to complete the performance 

measures.

Both the weight-bearing and traditional seated lower-extremity muscle power and strength 

measures in our study have varied methodological considerations. The Nottingham power 

rig test protocol requires 5-10 total leg presses per leg, which may be more timeconsuming 

than other measures. The operator effort is also substantial since the seat and heavy flywheel 

are low to the ground and must be manually adjusted prior to each test. The Keiser 

pneumatic resistance protocol has a total test time of approximately 1 hour and may have 

participant burden as well since it requires the 1-RM to be established first, and then up to 9 

total leg extensions for the power assessment and may result in participant fatigue. Frail 

older adults or those with chronic health conditions, may have difficulty sitting in the 

required positions for both Nottingham and Keiser testing and/or pushing against the leg 

press through the full range of motion, such those with knee osteoarthritis, which affects 

approximately 40% of older adults.53 Therefore, these seated measures may not be practical 

due to testing time for a large epidemiologic study of older adults who must be able to 

complete multiple study measures. Jump testing may be more appropriate in studies of older 

adults who may not be able to perform the seated tests. However, data processing of jump 

test trials in our study was time intensive due to custom-designed algorithms to evaluate data 

post-processing for participants with issues (e.g., unstable baseline that affected onset of 

movement and calculation of several parameters, such as mean power).24 This allowed us to 

capture a wider range of results in older adults with poor performance that are typically 

excluded with an automatized approach only. For those with poor balance who may not be 

able to perform the jump test safely, future studies may consider modifications to the jump 

test methodology to reduce exclusions while still ensuring participant safety, such as use of a 

harness. In larger epidemiological studies, tests with high reliability that require less time to 

complete may be more appropriate than tests that take more time. The factors regarding 

burden of testing and data processing must be considered in specific studies of older adults.

Our study had several strengths and limitations. Our cohort included men and women over 

age 70 years, with half of the sample ≥80 years. The study evaluated multiple power, 

strength and physical performance tests that are rarely considered in one study. The cross-

sectional design did not allow examination of muscle function as predictors of future 

physical performance decline. While magnitudes of association were compared with each 

outcome, statistical tests of differences between standardized estimates of muscle function 

measures were not completed. Separate associations for women and men were not examined 

due to the small sample size. The community-dwelling, largely white population who were 

able to attend a clinic exam limits generalizability. Finally, other methods for measuring 

lower-extremity muscle function, such as the stair climb and knee extension strength tests, 

were not included.

In conclusion, functional, task-based power methods (e.g., jump tests) and grip strength may 

be more strongly related to faster usual gait speed, a standard measure of physical function 

related to both mobility-related disability and mortality in older adults, compared to 
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traditional measures of leg press power and strength in older adults. However, jump power 

had similar magnitude of associations with longer 400m walk time as Keiser power/kg and a 

lower magnitude of association with faster chair stands speed than the other muscle function 

measures. The choice of muscle function measure should carefully reflect the study focus 

and methodologic considerations, including the specific population of older adults.
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Highlights

• Jump power/grip strength more strongly related to gait speed vs. leg press 

measures

• Jump/leg press power more strongly related to 400m walk vs. other muscle 

function

• Jump power less strongly related to chair stands vs. other muscle function
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Figure 1. 
Associations (standardized β and 95% confidence intervals) of muscle power and strength 

measures with physical performance*, N=56

*all p<0.05; models for jump power/kg with 6m usual gait speed and grip strength/kg with 

6m usual gait speed include the measure*sex interaction term; all models adjusted for age, 

sex, race, height, self-reported diabetes, self-reported PVD and self-reported pain in legs/feet
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Figure 2. 
Percent difference in βs between continuous jump power and other power and strength 

variables*, N=56

*% difference calculated as [(β1-β2)/β2]*100, where β2=jump power and β1=other power/

strength measure; negative values indicate lower beta for power/strength measure vs. jump 

power (e.g., for 6m usual gait speed, Nottingham power β is 32% lower vs. jump power β)
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Table 1.

Baseline characteristics by muscle function and physical performance completion, N=56

Total
(N=56)

Women
(N=31)

Men
(N=25)

Demographics

 Age, years 79.3 ± 5.9 79.8 ± 5.0 78.7 ± 6.6

 Women 55.4 (31)

 White race 92.9 (52) 87.1 (27) 100.0 (25)

Anthropometry

 Height, cm 165.5 ± 7.7 160.2 ± 4.8* 171.9 ± 5.3*

 Weight, kg 73.8 ± 12.4 69.4 ± 12.9* 79.3 ± 9.5*

 Body Mass Index, kg/m2 26.9 ± 4.1 27.0 ± 4.9 26.8 ± 3.0

Lifestyle characteristics

 Education ≥ college 83.9 (47) 83.9 (26) 84.0 (21)

 Former smoker 51.8 (29) 54.8 (17) 48.0 (12)

 Physical activity, CHAMPS score mins/day 117.1 ± 75.6 121.9 ± 81.7 111.2 ± 68.3

Comorbidity

 Self-report excellent health 33.9 (19) 35.5 (11) 32.0 (8)

 Self-report no difficulty walking ¼ mile 92.9 (52) 90.3 (28) 96.0 (24)

 Self-report very easy to walk ¼ mile 65.4 (34) 60.7 (17) 70.8 (17)

 Self-reported diabetes 3.6 (2) 3.2 (1) 4.0 (1)

 Self-reported PVD 5.4 (3) 6.5 (2) 4.0 (1)

Sensory nerve function

 Monofilament sensitivity

  Light monofilament insensitivity 41.1 (23) 41.9 (13) 40.0 (10)

  Standard monofilament insensitivity 17.9 (10) 16.1 (5) 20.0 (5)

 Pain in legs/feet 17.9 (10) 29.0 (9)* 4.0 (1)

 Numbness in legs/feet 32.1 (18) 45.2 (14) 16.0 (4)

Muscle function

 Jump power, W/kg body wt 20.4 ± 6.7 17.9 ± 5.9* 23.6 ± 6.3

 Nottingham power, W/kg body wt 1.4 ± 0.5 1.2 ± 0.4* 1.7 ± 0.6

 Keiser power70% 1-RM, W/kg body wt 5.1 ± 1.8 4.5 ± 1.3* 5.9 ± 2.0

 Keiser strength, kg/kg body wt 4.8 ± 1.5 4.3 ± 1.2* 5.4 ± 1.7

 Grip strength, kg/kg body wt 0.3 ± 0.1 0.3 ± 0.1* 0.4 ± 0.1

Physical performance

 6m usual gait speed, m/s 1.2 ± 0.2 1.1 ± 0.1* 1.2 ± 0.2

 Usual-paced 400m walk time, seconds 377.4 ± 59.9 376.7 ± 58.5 378.3 ± 62.9

 Chair stands speed, stands/second 0.4 ± 0.1 0.4 ± 0.1 0.4 ± 0.1
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*
p<0.05 for women vs. men; values in table are mean ± standard deviation or % (n)
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