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Research Article

Lower Leg Power and Grip Strength Are Associated With 
Increased Fall Injury Risk in Older Men: The Osteoporotic 
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Abstract

Background: Past research has not investigated both lower-extremity power and upper-extremity strength in the same fall injury study, 
particularly nonfracture fall injuries.
Methods: In the Osteoporotic Fractures in Men Study (baseline: N = 5 994; age 73.7 ± 5.9 years; 10.2% non-White), fall injuries (yes/no) were 
assessed prospectively with questionnaires approximately every 3 years over 9 years. Maximum leg power (Watts) from Nottingham single leg 
press and maximum grip strength (kg) from handheld dynamometry were assessed at baseline and standardized to kg body weight. Physical 
performance included gait speed (6-m usual; narrow walk) and chair stands speed.
Results: Of men with ≥1/4 follow-ups (N = 5 178; age 73.4 ± 5.7 years), 40.4% (N = 2 090) had ≥1 fall injury. In fully adjusted repeated-
measures logistic regressions, lower power/kg and grip strength/kg had higher fall injury risk (trend across quartiles: both p < .0001), with 
lower quartiles at significantly increased risk versus highest Q4 except for grip strength Q3 versus Q4. Fall injury risk was 19% higher per 1 
standard deviation (SD) lower power/kg (95% confidence interval [CI]: 1.12–1.26) and 16% higher per SD lower grip strength/kg (95% CI: 
1.10–1.23). In models including both leg power/kg and grip strength/kg, odds ratios (ORs) were similar and independent of each other and 
physical performance (leg power/kg OR per SD = 1.13, 95% CI: 1.06–1.20; grip strength/kg OR per SD = 1.11, 95% CI: 1.05–1.17).
Conclusions: Lower leg power/kg and grip strength/kg predicted future fall injury risk in older men independent of physical performance. Leg 
power potentially identifies fall injury risk better than grip strength at higher muscle function, though grip strength may be more suitable in 
clinical/practice settings.
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Both muscle power and strength may be independently related to 
geriatric outcomes, such as falls that result in injuries, including 
nonfracture fall injury (NFFI) and fracture. Lower-extremity muscle 
power (force * velocity) is defined as the ability to exert force at 
maximum movement velocity (1). Grip strength has been suggested 
as a biomarker of aging (2) and low grip strength has been linked 
to mortality (3). Both muscle function measures have been related 
to chronic conditions, such as osteoarthritis, diabetes mellitus, and 
cardiovascular disease in aging populations (3,4). While both muscle 
power and strength are lower at older ages compared to younger 
ages, larger magnitudes of age-related declines have been described 
for power than for strength (5–10). Therefore, power rather than 
strength could potentially be an earlier indicator of age-related loss 
in muscle function and increased risk for falls and fall injuries.

Falls are the leading cause of both fatal and nonfatal injuries 
in older adults. In 2018, 10.2% of adults ≥65 years reported a fall 
injury in the past 12 months (11). Importantly, these fall-related in-
juries have been linked to mortality, morbidity, and disability (12,13). 
Recent findings have also noted a distinct increase in number and 
cost of fatal and nonfatal medically treated fall injuries (11,14). 
Therefore, establishing muscle function risk factors for fall injuries 
(both NFFI and fractures) may inform disability and mortality pre-
vention in older adults.

Falls are common in older adults with 20%–35% self-reporting 
at least 1 fall annually (11,12,15–20). Lower leg power and strength 
(21,22) and grip strength (12,23–25) have been related to falls in 
studies of older adults. While a few studies have indicated that lower 
leg power (26), grip strength (12,24,25), and poor physical perform-
ance (27,28) were associated with fall injuries, these previous studies 
have typically focused on fracture outcomes and have not included 
NFFI. Additionally, previous studies have not evaluated whether 
both upper-extremity and lower-extremity muscle function are inde-
pendently associated with fall injuries.

We previously found that higher leg power was significantly re-
lated to 18% lower fall risk over 4.5 years in community-dwelling 
men in the Osteoporotic Fractures in Men (MrOS) Study (29). 
However, injuries resulting from these falls, a clinically relevant in-
dicator of fall severity, were not examined. In the current analysis 
we expanded on these earlier results and prospectively examined the 
relationship of baseline leg power and grip strength with incident 
fall injuries in a large population of older community-dwelling men. 
We hypothesized that lower leg power would be associated more 
strongly versus lower grip strength with higher fall injuries over 
9 years, independent of physical performance.

Materials and Methods

Study Population
The MrOS Study (https://mrosonline.ucsf.edu) is a multicenter lon-
gitudinal cohort study designed to evaluate healthy aging with a par-
ticular focus on risk factors for osteoporosis and fractures. Baseline 
visits occurred between March 2000 and April 2002 at 6 U.S. sites 
(N = 5 994; aged 73.7 ± 5.9 years) (30,31). Initial eligibility criteria 
included age ≥65  years, the ability to walk without assistance or 
walking aid; provide self-reported data and informed consent; resi-
dence near a clinical site; and absence of bilateral hip replacement 
or any severe disease/condition that would result in imminent death. 
Of 5 994 men at baseline, N = 5 178 (86.4%) had fall injury data 
for ≥1 follow-up questionnaire, the Nottingham leg power measure, 
and grip strength. Nottingham leg power data were missing for 
N = 420 (7.0%) due to equipment failure and N = 89 (1.5%) who 

were unable/refused. Grip strength data were missing for N  =  74 
(1.2%) who were unable and N = 2 (0.02%) who refused and/or 
had missing data. Fall injury data on follow-up questionnaires were 
not available in N = 231 (3.9%) men.

Fall Injury
Fall injuries were assessed by questionnaires 4 times spaced approxi-
mately 3 years apart over 9 years, with questions asked on interim 
questionnaire 1 (Year 2, July 2002 to March 2004), at study visit 2 
(Year 5, March 2005 to May 2006), at study visit 3 (Year 7, March 
2007 to March 2009), and on interim questionnaire 2 (Year 9, 
March 2009 to February 2011). Any self-reported fall injury in the 
past 12 months was defined as an affirmative answer to the question: 
“During the past 12 months, have you fallen and landed on the floor 
or ground, or fallen and hit an object like a table or chair?” and if 
yes, subsequently indicating if ≥1 of the following injuries occurred: 
broken or fractured a bone, hit or injured head, had a sprain or a 
strain, had bruise or bleeding, and/or other injury (options were not 
mutually exclusive). These particular fractures were not necessarily 
linked to adjudication, though MrOS did centrally adjudicate frac-
ture outcomes reported through other questionnaires that were ad-
ministered every 4 months. However, this triannual assessment did 
not include NFFI.

Leg Power/kg
The Nottingham Power Rig was used to measure leg extension 
power (W) at baseline (21,22,32). Participants were instructed to 
push the pedal as hard and as fast as possible through a full range 
of motion, with exclusions for bilateral hip replacement in the past 
6 months. The test was performed on each leg until power plateaued, 
or up to 5–10 trials to obtain peak power. Maximum peak power 
was used in analyses and normalized to body weight (W/kg body 
weight).

Grip Strength/kg
Jamar dynamometers (Sammons Preston Rolyan, Bolingbrook, IL) 
(33) were used to measure grip strength for 2 trials of each hand, 
with exclusions for recent hand pain/arthritis symptoms or hand sur-
gery in the past 3 months. Maximum grip strength was normalized 
by body weight (kg/kg body weight).

Covariates
All descriptive and potential covariates were assessed at the ini-
tial clinic visit. Age, race, smoking status (current/past/never) and 
alcohol consumption (number of drinks per day) (34), and any 
hip/joint pain in the past year (yes/no) were obtained from self-
administered questionnaires. Body mass index (BMI) was calculated 
from weight (balance beam or digital scales) and height (Harpenden 
stadiometers, Dyved, United Kingdom). Physical activity (PA) was 
measured by the Physical Activity Scale for the Elderly (PASE) (35). 
Systolic blood pressure in the right and left posterior tibial artery and 
the right brachial artery were measured twice after the participants 
were supine for at least 5 minutes. Pulses were detected by using a 
handheld 8 MHz Doppler (36). Ankle–brachial index (ABI) was cal-
culated as the ratio of the average systolic pressure in the ankle to 
the average systolic pressure in the arm. ABI < 0.9 defined peripheral 
vascular disease and ABI > 1.3 defined arterial stiffening. Total fat 
and lean mass were assessed by dual energy X-ray absorptiometry 
(Hologic, Inc., Waltham, MA) (37). Global cognition was assessed 
using the Teng Modified Mini-Mental State (3MS) Examination (38) 
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and executive function was measured using Trails B (39) comple-
tion time. Serum cystatin C concentrations were determined using 
a BN100 nephelometer (Dade Behring Inc., Deerfield, IL) using 
a particle-enhanced immunonepholometric assay (40). Cystatin 
C-based estimated glomerular filtration rate (eGFR) was com-
puted using a Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation reexpressed for standardized cystatin C (41). 
Comorbidities included diabetes (self-report physician diagnosis, 
medication use, and/or baseline fasting glucose ≥126 mg/dL), hyper-
tension (self-report physician diagnosis and/or medication use), and 
self-reported history of congestive heart failure, myocardial infarc-
tion, stroke, and Parkinson’s disease. Total number of medications 
was calculated from current prescription medications brought to the 
clinic visit (42). Physical performance measures included 6-m usual 
gait speed, narrow walk gait speed, and chair stands speed from the 
extended Short Physical Performance Battery (43). Usual gait speed 
was measured from the fastest time of 2 trials over 6 m. Narrow 
walk gait speed on a course of 6 m × 20  cm was used as an in-
direct measure of dynamic balance and participants were considered 
able to complete a trial if they had no more than 2 deviations from 
the lane. Men unable to complete either the usual gait speed test or 
narrow walk speed test were excluded. For men able to rise once 
from a standard chair without using arms, time to complete 5 re-
peated chair stands as fast as possible without using arms was re-
corded. Men who attempted but were unable to complete a single 
stand or 5 repeated stands were included in analyses with a value of 
0 stands/second.

Statistical Analyses
Descriptive statistics included 2-sided t tests and Chi-square tests 
of proportions (or Fishers Exact, if appropriate) to compare char-
acteristics at the baseline study visit (2000–2002) in men with any 
fall injury versus without fall injury. Generalized estimating equa-
tions (GEEs) with binomial distributions were used to model the 
outcome of fall injury during the approximate 9-year follow-up 
period, with the responses to the fall injury questions over time as 
repeated assessments. Baseline leg power/kg and grip strength/kg  
were the primary predictors and were entered both in separate 
models and additionally together in the same model after assessing 
correlation between leg power/kg and grip strength/kg. All GEE 
models were built using an unstructured correlation as this model 
had the highest Bayesian information criterion. Models were built 
with both continuous predictors and as quartiles for each measure. 
Leg power quartiles (W/kg) were defined as: Q1: ≤2.05; Q2: 2.06–
2.53; Q3: 2.54–2.99; Q4: >2.99. Grip strength quartiles (kg/kg body 
weight) were defined as: Q1: ≤0.44; Q2: 0.45–0.51; Q3: 0.52–0.59; 
Q4: >059. Q4 represented men with the highest leg power or grip 
strength relative to their body weight and was considered the refer-
ence group for analyses. Cochran–Mantel–Haenszel tests of trends 
across quartiles were performed. Baseline covariates in Table 1 (ex-
cept weight, BMI, total body fat mass, and total lean mass because 
leg power and grip strength were normalized to kg body weight) 
were entered using forward stepwise GEE modeling in the following 
order, and only retained if significant at α ≤ 0.10: age; race, site, 
and height; smoking status and alcohol consumption; PA; ABI; hip/
joint pain; hypertension; diabetes; congestive heart failure, myocar-
dial infarction, stroke, and Parkinson’s disease; Teng 3MS score; 
Trails B; total number of medications; self-reported ≥1 fall in past 
year; self-reported ≥2 falls in past year; cystatin C; eGFR. Age, race, 
site, height, hypertension, stroke, and total number of medications 
were retained in all final models since significant at α ≤ 0.10 in any 

model. As a sensitivity analysis to determine if physical performance 
attenuated the relationship between muscle function and fall injury, 
physical performance measures that were weakly correlated (weak: 
r ≤ 0.40; moderate 0.40 < r < 0.60; strong r ≥ 0.60) with leg power/
kg or grip strength/kg were subsequently added to final model; 6-m 
usual gait speed, narrow walk speed, and chair stand speed were all 
entered separately.

Results

At the initial visit, 20.6% reported a fall and 8.6% reported recur-
rent falls in the year prior to baseline (Table 1). Over the 9-year 
prospective follow-up period, 40% (N  =  2 090) self-reported any 
fall injury (N = 1 003 reported an NFFI only, N = 314 reported a 
fracture only, and N = 773 reported both). NFFI were 3 times more 
common than fractures (48% with NFFI only vs 15% with fractures 
only), and typically occurred earlier than fractures for those with 
both an NFFI and fracture (95% [N = 732/773] had an NFFI first; 
5% [N = 41/773] had a fracture first). Men with any fall injury had 
lower leg power/kg (2.47 ± 0.68 W/kg vs 2.59 ± 0.70 W/kg) and grip 
strength/kg (0.50 ± 0.11 kg/kg vs 0.52 ± 0.11 kg/kg) compared to 
those without a fall injury (Table 1; p < .001 for both). Those with 
fall injuries were older, more likely to be White, had higher total 
body fat mass, were less likely to smoke and more likely to use al-
cohol, and more likely to have hip/joint pain, higher cognitive func-
tion, history of any and recurrent falls, hypertension, myocardial 
infarction, stroke, higher total number of medications, and poorer 
physical performance. An equal number of men with any fall injury 
were in each leg power and grip strength quartile (Table 2).

A 1 standard deviation (SD) lower power/kg was associated 
with a 19% (odds ratio [OR]  =  1.19; 95% confidence interval 
[CI]: 1.12–1.26) increased fall injury risk, adjusting for age, race, 
site, height, hypertension, stroke, and total number of medications 
(Figure 1). Men in lower power/kg quartiles had a significantly 
higher fall injury risk compared to men in the highest quartile (Q1 
OR = 1.51, 95% CI: 1.29–1.76; Q2 OR = 1.27, 95% CI: 1.10–1.46; 
Q3 OR = 1.23, 95% CI: 1.10–1.42) with significant trend across 
quartiles (p < .001; Figure 1). Results were similar for grip strength 
when assessed continuously (OR = 1.16, 95% CI: 1.10–1.23, p < 
.0001). Similar to the pattern of results for leg power quartiles, men 
in grip strength quartiles Q1 and Q2 had an increased fall injury 
risk versus Q4 (Q1 OR = 1.46, 95% CI: 1.26–1.69; Q2 OR = 1.25, 
95% CI: 1.08–1.44; both p < .0001), but risk for Q3 versus Q4 was 
not significant (OR = 1.05, 95% CI: 0.91–1.21; p = .50). However, 
the trend across grip strength quartiles was statistically significant (p 
< .001; Figure 1). Because leg power/kg and grip strength/kg were 
only moderately correlated (r = 0.44; p < .0001), these were entered 
into the fall injury model simultaneously to determine independent 
contributions. In models with both leg power/kg and grip strength/
kg, fall injury risk estimates per 1 SD decrease in each measure were 
similar in magnitude and independent of each other (leg power/kg 
OR = 1.13, 95% CI: 1.06–1.20; grip strength/kg OR = 1.11, 95% 
CI: 1.05–1.17).

Age-adjusted Pearson correlations showed that physical per-
formance measures were weakly correlated with leg power/kg (6-m 
usual gait speed: r = 0.29; narrow walk speed: r = 0.25; chair stands 
speed: r = 0.35; all p < .0001) and grip strength/kg (6-m usual gait 
speed: r = 0.21; narrow walk speed: r = 0.21; chair stands speed: 
r = 0.26; all p < .0001). When added to fall injury models separately, 
physical performance covariates did not attenuate risk estimates and 
were not statistically significant in models including leg power/kg or 
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grip strength/kg (leg power/kg models with 6-m usual gait speed: std 
β = 0.11, p = .36; narrow walk speed: std β = 0.16, p = .13; chair 
stands speed: std β  = 0.33, p  =  .10; grip strength/kg models with 
6-m usual gait speed: std β = .16, p = .17; narrow walk speed: std 
β = 0.17, p = .12; chair stands speed: std β = 0.13, p = .11).

Table 2. Among Men With Fall Injury (N  =  2  090), Number and 
Percent in Each Leg Power and Grip Strength Quartile

N = 2 090 
Leg Power  
N (%) 

Grip Strength  
N (%) 

Q1 581 (27.8) 585 (28.0)
Q2 546 (26.1) 550 (26.3)
Q3 526 (25.2) 496 (23.7)
Q4 437 (20.9) 459 (22.0)

Figure 1. Odds ratio (95% confidence intervals) for leg power and grip 
strength associated with fall injury*. Notes: All models adjusted for age, race, 
site, height, hypertension, stroke, and total number of medications; *p values 
for Q1, Q2, and Q3 are from models with comparison to Q4.

Table 1. Descriptive Characteristics of Men by Fall Injury Status

% or Mean ± Standard Deviation Total (N = 5 178) 
Any Fall Injury 
(N = 2 090) 

No Fall Injury 
(N = 3 088) 

p Value (any fall injury vs 
no fall injury) 

Demographics
 Age at baseline, years 73.4 ± 5.7 74.0 ± 5.8 72.9 ± 5.6 <.0001
 White race, % 89.8 91.9 88.4 <.0001
Anthropometry
 Height, cm 174.4 ± 6.8 174.3 ± 6.9 174.3 ± 6.7 .53
 Weight, kg 83.2 ± 13.0 83.5 ± 13.2 83.0 ± 12.9 .17
 Body mass index, kg/m2 27.3 ± 3.7 27.4 ± 3.8 27.3 ± 3.7 .24
 Total body fat mass, kg 21.7 ± 7.0 22.0 ± 7.2 21.5 ± 6.9 .006
 Total lean mass, kg 57.0 ± 7.1 56.9 ± 7.1 57.0 ± 7.2 .67
Lifestyle characteristics
 Current smoker, % 5.3 4.2 5.9 .02
 >1 alcohol drink/week, % 53.3 55.7 51.7 .004
 Physical activity, PASE score 148.8 ± 67.8 146.7 ± 66.7 150.3 ± 68.6 .06
Clinical measures
 Ankle–brachial index, %    .14
  ≤0.9 (low) 5.5 6.1 5.0  
  1.0–1.4 (normal) 90.7 89.8 91.4  
  ≥1.4 (high) 3.8 4.1 3.7  
 Hip/joint pain, % 23.0 26.3 21.2 <.0001
 Teng 3MS score 93.5 ± 5.6 93.7 ± 5.1 93.4 ± 5.9 .05
 Trails B, seconds to complete 130.8 ± 56.3 129.8 ± 54.4 131.4 ± 57.5 .31
 Cystatin C, mg/L 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.3 .50
 GFR, CKD-EPI cystatin C equation 73.7 ± 17.5 72.7 ± 17.0 74.5 ± 17.9 .07
History of falls
 Self-reported ≥1 fall in past year, % 20.6 29.3 14.9 <.0001
 Self-reported ≥2 falls in past year, % 8.6 13.9 5.0 .0001
Comorbidities
 Hypertension, % 42.2 44.3 41.0 .02
 Diabetes, % 14.6 15.3 14.2 .23
 Congestive heart failure, % 4.5 5.0 4.2 .24
 Myocardial infarction, % 12.9 14.8 11.6 .001
 Stroke, % 5.1 6.1 4.4 .006
 Parkinson’s disease, % 0.7 0.9 0.6 .23
Medications
 Total # of medications 4.0 ± 3.5 4.5 ± 3.9 3.7 ± 3.3 <.0001
Physical performance
 6-m usual gait speed, m/s 1.26 ± 0.23 1.25 ± 0.23 1.27 ± 0.22 .02
 Narrow walk speed, m/s 1.16 ± 0.27 1.14 ± 0.27 1.17 ± 0.26 .002
 Chair stands speed, #/second 0.48 ± 0.14 0.47 ± 0.15 0.49 ± 0.14 <.0001
Muscle function
 Nottingham leg power, W/kg body 
weight

2.53 ± 0.70 2.47 ± 0.68 2.59 ± 0.70 <.0001

 Grip strength, kg/kg body weight 0.51 ± 0.11 0.50 ± 0.11 0.52 ± 0.11 <.0001

Notes: 3MS = Modified Mini-Mental State Examination; eGFR = estimated glomerular filtration rate; CKD-EPI = Chronic Kidney Disease Epidemiology Col-
laboration; PASE = Physical Activity Scale for the Elderly.
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Discussion

Both lower leg power/kg and lower grip strength/kg were individu-
ally and independently associated with increased fall injury risk in 
men. To our knowledge, this is the first study to prospectively and 
simultaneously examine the relationships of lower-extremity leg 
power and upper-extremity grip strength with prospective fall in-
jury risk over nearly a decade. Associations of these measures with 
fall injury across muscle function quartiles were similar for leg 
power and grip strength when comparing groups with lower muscle 
function (Q1 and Q2) to highest muscle function (Q4). However, 
relationships for leg power may be more able to distinguish fall 
injury risk among those with higher function (Q3 vs Q4). This sug-
gests that leg power potentially identifies fall injury risk similarly 
as grip strength at lower muscle function though better than grip 
strength among men with higher muscle function. In a past MrOS 
Study, values of jump power had wide ranges in the oldest adults 
compared to lower-extremity strength (jump force measure), and 
in those with functional limitations, suggesting that power may 
be able to differentiate within subsets of not only highest but also 
poorest functioning individuals (5). The absolute differences for 
leg power and grip strength among men with a fall injury versus 
without a fall injury were small in magnitude, though leg power 
was 4.6% lower and grip strength was 3.8% lower in those with 
a fall injury, which is beyond what is attributable to the age effect 
(5,10). Therefore, establishing the clinical relevance of these differ-
ences and examining the potential for inclusion in fall risk assess-
ment tools for early detection should be evaluated in future studies. 
While leg power and grip strength were similarly related to fall 
injury risk, grip strength may be more easily measured in clinical 
and practice settings. Additionally, these relationships were inde-
pendent of physical performance measures of gait speed or chair 
stands speed, which may indicate that both strength and power may 
be stronger predictors of fall injury risk than physical performance 
in older men.

While fall injuries are common in older adult populations, the 
relationships between various muscle function measures and fall 
injuries have not been extensively studied. In particular, lower-
extremity muscle function contributes to functional tasks such 
as walking and maintaining balance, and therefore higher muscle 
function may prevent falls and fall injuries. However, the few past 
studies of muscle function and fall injury have only included upper-
extremity grip strength (26) or indirect, task-based measures of leg 
muscle function using the chair stands test of physical perform-
ance (26,27). In older men and women (age = 78.1 ± 5.4 years; 
29% with a fall injury), individuals in the slowest chair stand time 
quartile had a significantly higher fall injury risk over 4.3 years 
compared to those in the fastest quartile, and sex was not signifi-
cant in models (27). Our results of leg power quartiles were not 
attenuated when adjusting for chair stand speed and we found 
higher estimates of fall injury risk at each quartile of leg power. 
In another previous study of our MrOS cohort, Nottingham leg 
power and grip strength were not related to hip fracture in older 
men over 5.3  years of follow-up (26). However, this study had 
follow-up approximately 2 times shorter than our study and only 
included hip fracture outcomes leading to a much lower fall in-
jury rate (1.3%) than observed in the current study. In the past 
MrOS Study and most other fall injury studies in older adults, 
NFFI were not included as an outcome, which likely led to fall in-
jury estimates (range: 1.3%–24%) (11,12,26,44) that were lower 
than the observed 40% in the current study. Estimating risk for 

more comprehensive fall injury outcomes may have implications 
for understanding how muscle function and different types of 
fall injuries may influence disability and mortality outcomes in 
older adults.

Muscle function decline likely precedes physical function impair-
ments and disability in older adults (45). Lower leg power and grip 
strength were associated with increased fall injury risk independent 
of physical performance (gait speed and chair stands) in the current 
study. However, this is in contrast to previous studies examining the 
relationships of physical performance with falls (19,29), fall injuries 
(27), or incident radiographic vertebral fracture (28), in which phys-
ical performance was related to these outcomes in cross-sectional 
studies or longitudinal studies with much shorter follow-up than our 
study. Because our study assessed initial muscle power, strength, and 
physical performance and subsequent fall injuries over 9 years, we 
may have detected the early declines in muscle power and strength 
that occurred prior to any later physical performance decline. 
However, we are unable to establish temporality between muscle 
function and physical performance in this study. Muscle power and 
strength may be considered stronger predictors than physical per-
formance measures for a wider range of fall injury outcomes (eg, 
NFFI and fractures) because muscle function decline likely occurs 
prior to substantial, clinically significant, and detectable decline in 
physical performance.

Strengths
The prospective design over 9 years allowed an assessment of fall 
injury risk in a large sample of men aged 70 years and older who 
are at high risk for falls and the associated injuries. Collection of 
leg power and grip strength allowed comparison of both upper-
extremity and lower-extremity muscle function with fall injury risk. 
The prospective questionnaires utilized were not limited to fractures 
as information on other NFFI such as sprains, strains, bruises, and 
contusions were also collected. MrOS also collected data on many 
covariates to adjust for the independent associations of muscle 
power and strength with fall injury.

Limitations
Our fall injury outcomes were based on self-report and fractures 
were not necessarily linked to adjudication, as the fracture outcomes 
centrally adjudicated by MrOS were from separate questionnaires 
administered every 4 months that did not assess fall injuries. Fall in-
juries were likely underreported because these self-reported injuries 
were in the past 12 months and collection was approximately every 
3 years. This recall or reporting bias may have led to underestima-
tion of fall injuries. Our analysis included baseline muscle function 
and physical performance measures and did not update assessment 
values over time and could not assess temporality. Muscle power 
was measured with a seated power test that may exclude older 
adults unable to get into the seated position, with difficulty sitting 
or pushing in the required positions with fixed hip and knee an-
gles or those with certain joint conditions, such as arthritis. We were 
not able to include all types of physical performance assessments; 
therefore, future studies could evaluate attenuation with additional 
measures. The community-dwelling, largely White population of 
men healthy enough to attend a clinic visit limits generalizability. 
By excluding those who are extremely frail or physically impaired 
and could not attend a visit, we likely observed more moderate fall 
injury risk estimates.

Journals of Gerontology: MEDICAL SCIENCES, 2023, Vol. 78, No. 3 483



Conclusion

Leg power and grip strength were related to increased fall injury risk, 
including both NFFI and fracture, in separate models. Although leg 
power potentially identifies fall injury risk similarly as grip strength 
at lower muscle function though better than grip strength among 
men with higher muscle function, grip strength may be more suitable 
for measurement in clinical and practice settings. Importantly, phys-
ical performance did not explain the significant association of muscle 
power and strength with fall injuries assessed over 9 years. Poorer 
muscle function, both power and strength, may predict higher risk of 
future fall injury in older men.
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