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ABSTRACT

Asymmetries in movement and muscle function are ubiquitous and long lasting in
those who survive after hip fracture. Enduring asymmetries in lower limb muscle
function (i.e., strength and power) have been associated with fall frequency and impaired
physical mobility among older adults. Lower limb discrepancies in vertical ground
reaction forces (VGRFs) are evident during performance of mobility tasks, including
ambulation and transfers from a seated to a standing position. Movement asymmetry
during a sit-to-stand task (STST) made a small, independent contribution (r> = 7%) to
stair climb test performance when coupled with gait speed (r? = 41%), balance confidence
(> = 4%), and self-reported function (r> = 4%); while STST asymmetry did not
independently predict modified physical performance test score.

To date, there is no specific rehabilitation strategy to restore movement pattern
and muscle function symmetry after hip fracture. Thus, the potential impact of specific
strategies to improve symmetry in VGRF variables during STST performance, and muscle
function after hip fracture is unclear. We examined the feasibility and beneficence of
High Intensity Task-Oriented strategies designed to improve Strength and Symmetry (HI-
TOSS). We determined that asymmetries in strength, power, and VGRFs evident during
STST, were each significantly reduced (i.e., improved) with training.

Finally, improvements in muscle quality and its components with training after
hip fracture have not been tested. We identify the surgical limb to be 10%-15% lower in

muscle mass and muscle quality compared to the nonsurgical limb after discharge from



usual care. Following HI-TOSS, muscle mass in the surgical limb improved by 9%,
muscle strength improved by 21%, and muscle quality improved by 14%. Expectedly,
physical performance improved significantly with training (~20% improvement);
exceeding established clinically meaningful difference values.

In summary, specific strategies to reduce asymmetries in movement and improve
muscle function are well-tolerated in community-dwelling older adults after hip fracture
and can yield improvements in STST and muscle function symmetry. Substantial
improvements in STST performance, muscle function, muscle composition, and physical
function are expected with HI-TOSS. Further studies should determine long-term effects
and optimal HI-TOSS implementation practices in a restorative effort to enhance

recovery after hip fracture.
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CHAPTER 1

INTRODUCTION

Introduction

Hip fracture is a devastating injury, expected to impact more than 350,000 older
adults in the U.S. annually,* with an estimated direct cost of $14 to $20 Billion per year.?
Fall-related injuries constitute the leading cause of death and disability among persons 60
years and older, with 30% of older adults reporting a fall in the previous year.® Medicare
direct costs for fall-related injuries exceeded $19 Billion in 2000, and are projected to
surpass $54 Billion annually by 2020.* Although less than 35% of nonfatal falls result in
fracture, this group incurs nearly 70% of all fall related costs.* The most frequent, costly,
and disabling nonlethal injury from a fall is a hip fracture. Mortality is high in this
population, as approximately 20% of older adults who have incurred a hip fracture will
die within 3 months and nearly 30% within 1 year after incurring a hip fracture.> Those
who survive frequently require continued in-home services and are susceptible to
recurrent falls, fracture, and hospitalization.® Physical function, muscle function, and
muscle composition progressively worsen among those who survive, and each is linked

to decreased mobility and adverse health outcomes.’

Background

The nature and intensity of rehabilitation strategies typically offered following hip

fracture have not changed significantly over the last 30 years.® These strategies include



simple bedside range of motion, light resistance exercises (rarely exceeding 40% of 1-
repetition maximum), and basic mobility training to improve safety and balance with gait
and transfers. The rehabilitation timeline for “usual care” after hip fracture includes 3-5
days of hospitalization, followed by 6-8 weeks of physical therapy intervention until
individuals regain a limited measure of basic mobility and physical function.® At least
60% of hip fracture survivors never recover their prefracture physical function,® and most
become progressively more sedentary.® Those who cannot perform basic mobility tasks
independently after a few weeks of rehabilitation are destined for institutionalization.°
Survivors are four times more likely to become dependent in activities of daily living
(ADLs) and at least six times more likely to require long-term institutionalization than
age-matched peers.*'? Current postoperative management does not adequately address
what may in-part be reversible muscle and movement deficits; thus, the downward spiral
of limited movement and deteriorating muscle conditions persist following the trauma
related to a hip fracture and resultant surgery. This has contributed to the notion that
long-term deficits in physical function are acceptable, irreversible and unavoidable
consequences of a hip fracture.

A modicum of evidence is now suggesting an extended bout of rehabilitation may
significantly improve clinical outcomes. Extended high-intensity resistance training
strategies designed to improve muscle size and strength are well-tolerated and yield
markedly better recovery in strength and physical function than traditional
rehabilitation.'®1® This is important since there is a 50% loss of strength in knee
extension in the surgical limb in the first week after hip fracture,!” and residual strength

loss is evident for several years after fracture for many.'® Recovery of physical function



in fact is linked to quadriceps strength recovery, and 30-80% quadriceps strength gain is
expected with an extended high-intensity rehabilitation regime over a 3-month period
following hip fracture.'® While neural adaptations may explain some of the strength gain,
increased muscle size may also contribute. Regardless of the mechanism, without
extended intervention, physical function plateaus approximately 3 months after hip
fracture, then gradually declines®*® Unfortunately, these individuals have limited muscle
and physical function reserves leaving them susceptible to a future catabolic event (e.g.,
illness, injury, hospitalization) which propagates extended inactivity, muscle loss and
subsequent declines in physical function.

With an impaired lower limb, it is not unusual for abnormal movement patterns to
emerge after hip fracture. These patterns may also contribute to persistent physical
function deficits. Muscle function impairments, such as strength and power deficits of the
surgical limb are higher in fallers and mobility-limited individuals than nonfallers,20-22
and between-limb discrepancies in strength and power are known risk factors for
recurrent injurious falls. 21?2 Negative consequences of residual surgical limb muscle
deficits among older adults include increased fall risk,?® decreased mobility,?*2" and
greater likelihood of lower extremity injury.?® Independent, community-dwelling older
adults who have had a hip fracture demonstrate movement pattern asymmetries during an
sit-to- stand task (STST) a year after injury.?®3° The persistent muscle function deficits in

the surgical limb may contribute to asymmetrical movement patterns.2



Typical Asymmetries and Muscle/Mobility Recovery
After Hip Fracture

Young adults demonstrate movement pattern asymmetries and surgical limb
strength deficits after orthopedic procedures such as anterior cruciate ligament
reconstruction. Muscle function asymmetries in this population are associated with
suboptimal postsurgical outcomes including pain, recurrent injury, and elevated incidence
of surgical revisions.?®3:3 Among young adults, strength training alone is inadequate to
restore symmetry, and task-specific training strategies combined with balance training are
a vital component in recovery after orthopedic surgeries such as anterior cruciate
ligament repair.3*2® These rehabilitation strategies are linked to restored physical
function, reduced injury rate, and lower surgical repair incidence, 32343637

Though suspected contributors to movement pattern asymmetry have been
identified (e.g., surgical limb strength and power deficits, compensated movement
strategies), studies examining rehabilitation strategies that might mitigate emerging
asymmetrical movement patterns after hip fracture are lacking. Thus it is currently
unknown whether extended rehabilitation strategies designed to improve movement
pattern symmetry might effectively restore symmetry after a hip fracture.

Lower extremity movement strategies captured during an STST are correlated
with self-reported physical function, balance, and fall risk in a community-dwelling hip
fracture population.?®3 Citing the significant, high correlations between surgical limb
STST performance, and other observable measures of physical performance, it is
suggested that rehabilitation efforts to target the impaired surgical limb, thus reducing

lower extremity VGRF asymmetry may inspire significant gains in physical



performance.®® However, whether asymmetries in STST performance can independently
predict observed physical performance above other factors known to influence physical
function is unknown.

Multiple factors may contribute to unresolved asymmetry in task performance
after a hip fracture. An increased hip extensor moment strategy is adopted for sit-to-stand
transitions after total knee arthroplasty in response to reduced quadriceps femoris
strength, and persists for at least 12 months, even after strength is restored.® Similarly,
enduring reduced knee extensor power is evident in the surgical limb during STST
performance following hip fracture despite strength gains, and is associated with reported
difficulty and slower times during stair climbing.2° STST is a common, yet difficult task
for many survivors after hip fracture. STST requires high hip and knee joint moments
compared to other common tasks, such as standing, walking, or stair climbing.*® Thus,
individuals frequently require compensations--elevated seat height, elevated arm rests,
increased dependency in the nonsurgical limb (specifically a greater knee extensor
moment),® and higher arm impulse for push-off from armrest® to maintain or regain
independence in STST performance. For at least a year after hip fracture, STST
performance reveals an approximate 30% deficit in lower extremity VGRF impulse
during the initiation of STST performance, and a similar between-limb discrepancy in the
surgical limb compared to the nonsurgical limb while rising from a seated surface,
indicating that compensated movement strategies do not resolve spontaneously after hip
fracture. Interestingly, though less force is required from the lower extremities when
rising from a chair with arm assistance, VGRF asymmetries remain apparent, regardless

of arm use, suggesting that a lack of strength does not fully explain the vVGRF



asymmetries evident during STST completion.>® While moderate correlations between
strength and STST performance exist,%®4! additional variables such as muscle power,
balance, psychological factors,*? and learned movement strategies® influence STST
performance. Since decreased symmetry of lower extremity force application in an STST
appears, at least in part, due to learned movement, task-specific training might be a
beneficial adjunct to resistance training in restoring movement symmetry.

Early task-oriented training mitigates gait abnormalities, yielding reductions in
postoperative pain while improving gait speed, efficiency, and confidence compared to
traditional strength and gait training among older adults with compensated gait
patterns.**-*> Following hip replacement, an aggressive daily 3-week intervention initiated
within the first week after surgery when integrating task-oriented movement strategies
resulted in decreased pain, increased independence, improved physical function, and
improved quality of life, compared to a cohort receiving a typical progression of balance,
progressive strengthening, and gait training.*® A task-oriented approach might similarly
improve recovery following hip fracture, but results of a similar approach have not yet
been reported in a hip fracture population.

Hip fractures are devastating injuries that lead to poor health outcomes. Despite
growing evidence that supports extended, high-intensity strengthening interventions,®
current rehabilitation strategies remain suboptimal 84 Usual care results in poor muscle
strength and power gains, and does not address asymmetrical movement patterns that are
related to poor physical function and may increase risk for future falls. Because muscle
function deficits, and learned compensated movements can contribute to asymmetrical

movement patterns, rehabilitation after hip fracture should address muscle function and



be task-oriented, with specific strategies incorporated to minimize movement asymmetry.
In order to accomplish the specific aims outlined for this study, an intervention
strategy designed to improve muscle function and vGRF contributions of the surgical
limb, thereby reducing measurable asymmetry after hip fracture, was designed and
implemented. The strategies used and their rationale are briefly described below and

explained in detail in the chapters that follow.

Enhancing Hip Fracture Physical Function

by Targeting Asymmetries

Current intervention strategies are inadequate in restoring muscle structure and
function after hip fracture.*’°* A combined approach of task-specific training instruction
with emphasis on restoring symmetrical movement patterns combined with high-intensity
unilaterally-biased resistance training is expected to improve muscle function and
asymmetrical movement relative to usual care. The HI-TOSS intervention incorporated
high-intensity resistance training and multiple strategy components in an effort to reduce
weight-bearing asymmetries during common patterns of movement. Individualized gait
training was practiced based on deficiencies noted in a quantitative assessment of
temporal and spatial gait variables. Tai Chi-inspired strength and balance exercises
emphasizing eccentric loading, weight acceptance, and purposeful stepping were
incorporated in a progressive manner to enhance mobility performance and confidence.>
Individualized task-specific training was based on self-identified limitations in physical
function. Sit-to-Stand transitions were practiced with emphasis on weight-bearing efforts
including bilateral limb contributions during task performance. 6 specific progressive

resistance exercises were included: seated knee extension, standing hip extension,



standing hip abduction, prone knee flexion, supine hip flexion, and leg press, each
performed at 85% of 1RM.*® An eccentric recumbent stepper was used, with instruction
and visual feedback to encourage equal participation of each lower limb during this
aspect of training. In general, participants were provided with verbal encouragement and
continuous feedback that was gradually withdrawn as they became more familiar with the
exercises. More challenging exercises were introduced throughout the intervention

period as individuals progressed in strength, balance, and activity tolerance.

Improving Muscle Mass, Quality, and Function

After Hip Fracture

Little is known about muscle mass and muscle quality changes in response to
high-intensity resistance training following usual care after hip fracture. Though
improvements in physical function are expected with extended resistance strategies
designed to improve strength and utility of the surgical limb,'® muscle composition and
muscle quality gains are unknown.

Older adults experience significant deleterious effects in muscle strength and
muscle mass with inactivity after hip fracture.r”> Indeed, as little as 5 days of bed rest
among healthy older adults yields a 4% loss in lean leg mass, and 14% loss in knee
extension strength.>* Compared to the typical 1.0-1.5% lean mass loss expected in this
aging population, the documented lean mass loss in the year following hip fracture is
significantly greater.>>°® Six percent of total body lean mass loss is evident by 1 year
after hip fracture, of which nearly 90% occurs in the legs, specifically quadriceps.>” In
addition, fat mass in the lower extremities occurs in older adults with hip fracture at an

annual rate more than five times that of healthy older adults (11.0% vs 1.7%).5%%¢



Ruinous changes in muscle composition have negative effects on strength and physical
function and are evident despite usual-care rehabilitation efforts. Moreover, older adults
exhibit poor muscle recovery following inactivity and disuse-related muscle loss.%®>° The

effects of extended training strategies on muscle composition after fracture are unknown.

Purpose

The aim of this dissertation was to increase our depth of understanding of
asymmetries, which commonly endure after hip fracture, and determine whether a
specific strategy to enhance recovery after hip fracture could mitigate identified
asymmetries. Further, we desired to identify and document improvements in vVGRF
variables, muscle function, muscle morphology, and physical function that could be
expected with extending a restorative approach to recovery after hip fracture.
Specifically, we sought to address the following aims:

1) The aim of the first study was to define the independent ability of vVGRF
asymmetry identified during rising phase of an STST to predict physical function.

2) In the second study, we determined whether HI-TOSS would result in
improved VGRF symmetry during both the preparatory and rising phase of an STST
compared to baseline measures. As a secondary aim, we also examined whether
improved muscle function (strength, power) symmetry would be evident at ~6 months
after fracture in response to HI-TOSS training compared to baseline measures.

3) Finally, in the third study, we described the muscle composition in a
subpopulation following hip fracture. In addition, we calculated gains in muscle mass
and quality that resulted from HI-TOSS training. As a secondary aim, we also reported

physical function improvement evident in this sample after HI-TOSS training.
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CHAPTER 2

DOES WEIGHTBEARING ASYMMETRY AFTER HIP FRACTURE

PREDICT PHYSICAL FUNCTION?

Introduction

Enduring asymmetry is evident in both muscle force output and vertical ground
reaction (VGRF) forces during a sit-to-stand task (STST) following a hip fracture.**
Since the surgical limb typically experiences long-lasting deficits, lower extremity
asymmetries often endure,! and have been implicated in gait impairments®® and elevated
fall risk®” among frail older adults, particularly after fracture. Asymmetries observed
during mobility and physical task completion are thought to result from lower extremity
injury and surgical repair, and continue long after pain is minimized and strength has
been largely restored.®1

Asymmetries in muscle function (strength and power), and vGRF during the
STST need to be mitigated, as mobility impairments and an increased fall risk linked to
asymmetries may contribute to poor balance confidence, increased sedentary behavior,
and a resulting cascade of health problems. Since half of those who experience a hip
fracture will fall within 6 months after hospital discharge,*? and since hip fracture
survivors are up to five times more likely to experience an additional fall-related fracture
within 1 year after hip fracture,™ identifying and integrating strategies to mitigate falls

and improve mobility in this vulnerable population is important. Asymmetries in muscle
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function and vGRFs may be modifiable risk factors following hip fracture and thus could
inform new rehabilitation strategies.

Several factors contribute to physical performance among frail older adults,
particularly after hip fracture.}422 The ability to perform an STST is thought to be due to
a number of factors,?*?” but it is generally agreed to be one of the more difficult tasks
older persons may perform each day. Though several other identified variables contribute
to a successful STST,* strength is a key contributor.?83* Knee extension strength predicts
the lowest seated surface from which one can rise,! while inability to consistently rise
from a chair predicts pending disability.®® Maintaining independence in accomplishing
this task is associated with mobility, daily activity level, and preserved independence,
while inability to successfully perform STST predicts illness, institutionalization, and
mortality.?%3 As older adults experience an immediate, significant strength decline of up
to 50% after hip fracture,®’ it is expected that many will experience a resulting decline in
physical function.

One less frequently addressed factor that might impact physical function after hip
fracture is weight-bearing asymmetry during physical task performance. Typically, whole
body measurements in physical movements are used to quantity physical function after
hip fracture (i.e., time required to walk 10 meters or to climb stairs), with little effort to
identify individual lower limb contributions to the measured task.! Asymmetry has
recently been implicated as persistent and apparent in the performance of physical tasks
such as STST, for at least a year after fracture,X*3¥3° and may never fully recover after a
serious injury such as hip fracture. Conflicting evidence exists regarding asymmetry and

physical function among older adults. Most researchers agree that asymmetry in muscle
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function is apparent after hip fracture, with larger asymmetries being associated with
injury risk, fall frequency, and mobility impairments.®”4° The magnitude of asymmetry
varies across different weight-bearing tasks, with evidence that more complex tasks may
be more demonstrative of lower limb deficits and residual asymmetries.® While one study
suggests that absolute lower limb power, but not power or strength asymmetry, differed
significantly between fallers and nonfallers* the consensus is that asymmetry apparent
during mobility tasks negatively impacts mobility and increases injurious fall risk.234
The purpose of this study was to determine the unique contribution of weight
bearing asymmetry during an STST on physical function after recovering from a hip
fracture. In order to do this, we examined correlations between vVGRF asymmetry
variables during an STST, the modified Physical Performance Test (mPPT), a composite
nine-item standardized test designed to assess multiple dimensions of physical function
and used to classify frailty level among older adults;* and the stair climb test (SCT), a
physically demanding task that is particularly relevant after hip fracture among those who
desire to maintain community-dwelling independence.** We hypothesized that
asymmetry in VGRF variables during an STST would provide a unique contribution to
physical function beyond that identified by known contributors to physical function after

controlling for covariates.

Methods
Participants
A convenience sample of 31 community-dwelling older adults, who had recently
incurred a hip fracture, participated in this study. Participants (age range: 53 - 90 years,

mean 77.7 £ 10.5 years) were recruited from University of Utah (UU) and Intermountain
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Healthcare (IH) hospitals in Salt Lake City, Utah between August 2013 and May 2015.
To be eligible, participants were required to be able to independently transfer and
ambulate at least 50 feet without physical assistance, have incurred a hip fracture in the
last 3-8 months, be aged 50 years or older, have minimal cognitive impairments (>23/30
Montreal Cognitive Assessment), and have been discharged from “usual care,” typically
consisting of 8-10 weeks of physical therapy that included balance, mobility, and strength
training in acute, rehabilitation center, and residential settings following hip fracture.
Baseline characteristics of the sample are summarized in Table 2.1. Exclusion criteria
were having a known serious medical or neurological diagnosis (e.g., cancer, COPD,
MS), visual impairments, vestibular disorders, bilateral hip fracture, significant range of
motion limitations, or painful osteoarthritis in the hip or knee. Exclusion criteria were
selected in an effort to minimize factors other than hip fracture that might contribute to
asymmetries in task performance. Institutional review boards of the UU and IH both

approved the study and all participants provided informed consent before enroliment.

Procedures

All participants completed a series of questionnaires and underwent a battery of
physical performance tests. In order to determine the vVGRF during the STST, participants
were tested performing this task on an instrumented chair (Figure 2.1). Muscle function
was assessed by unilateral isometric strength of the knee extensors and lower extremity
extension power. In order to document physical function, both performance and self-
report measures were used. The mPPT, and SCT, were chosen to represent actual
physical function, and the Lower Extremity Measure (LEM), and Activities of Balance

Confidence Scale (ABC) were used as self-report measures. Additional performance
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measures (timed up-and-go, gait speed) and demographic information were captured to

further describe the sample and for use in statistical analysis.

VGRFs During STST Analysis

A custom-built portable chair (Figure 2.1) with an adjustable seat height was
used and adjusted to approximate a 90/90 hip/knee flexion angle when the participant
was seated. Participants were seated on the front half of the instrumented chair with mid-
length of the thighs aligned with the edge of the chair and ankles placed in approximately
15° of dorsiflexion. Using arms to assist in the task, participants were instructed to stand
up as “quickly as you safely can.” One practice trial was performed before recording data
from three separate STST trials, allowing 30-second rest between trials.

The custom-built chair was instrumented to detect vVGRFs measured under each
foot, each arm, and the seat (Figure 2.2). Force sensors (NMB Technologies Corporation
(Menibia), Chatsworth, CA) mounted in two Wii platforms were amplifiedwith SGA/A
signal conditioners (Mantracourt Electronics Ltd., Devon, UK) and fed into a computer
using a 16-bit analog to digital converter (Model: USB 1608G. Additional force sensors
(Menibia, Chatsworth, CA) were also mounted in each arm and on the seat to record seat
off and arm push as well. The arm force signals were also amplified and converted to a
16-bit signal output. During each trial, the vGRF of each force plate was recorded at a
sampling rate of 1000 Hz and exported to excel using TracerDAQ 2.2.0 software
(Measurement Computing, Norton, MA). Correlations to known weights of each arm and
footplate were high (r = 0.99).

Two phases of the STST were identified from the sum of VGRFinvolved and

VGRFuninvoived (VGRFsitateral). 2% The preparation phase was initiated by a 5N decrease in
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VGRFsilateral. This brief unweighting of the lower limbs is a countermovement, typically
occurring just prior to the ensuing rapid lower-limb loading. The end of the preparation
phase occurred at seat off, marked as the instant when VGRFseat was below 5N. The
rising phase began at seat off and ended when VGRFsilateral equaled body weight,
following the first peak of VGRFagilatera. The STST time was measured from the
beginning of the preparatory phase to the end of the rising phase (Figure 2.3).

To capture the vGRF developed by each limb during the preparation phase, the
rate of force development (RFD) was calculated. The RFD was calculated as the slope of
the VGRF data (VGRFinvolved, and VGRFuninvolved). The slope of the force between 25%-
50% of force at time of seat off (end of preparation phase) was calculated for each limb
separately (RFDinvolved, RFDuNinvolved), and summed (RFDbgilaterat). Higher slopes indicate
more rapid development of force, which correlates to faster rising time.

To capture the vGRF developed by each limb during the rising phase, magnitude
impulse (AREA) variables were calculated. The impulse of the VGRFinvolved and the
VGRFuNinvolved Was calculated by obtaining the area under the curve from the beginning
to the end of the rising phase (AREAINvolved, AREAUNINVolved, and summed AREABilaterat).
Note that a higher area value arises from either a longer rising period or higher force
amplitude over the rising phase. Lower area values are the result of shorter rising periods
or lower force amplitudes over the rising phase. An AREA score was calculated as the
difference between AREAINvoiveds and AREAuUNINvolved tO indicate the difference in
contribution of each limb to rising. Higher AREA during rising phase suggests lower
symmetry or greater reliance on one limb (typically the nonsurgical limb), while a lower

AREA suggests relatively equal vVGRF under both limbs. Good reliability has been
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previously established (0.84 — 0.91) for vGRF variables identified during STST
performance among older adults who have recently incurred a hip fracture.?®

The average of three STST trials normalized to body mass (/kg) were recorded for
RFD and AREA to represent STST performance during preparatory phase, and rising
phase, respectively. Limb symmetry index ratios (involved/uninvolved) were calculated
for RFD and AREA to determine the asymmetry, or discrepancy in lower limb
contributions during STST performance. AREA was also calculated as the difference
between AREAINvoived and AREAuUNINVolved @S described above. Perfect symmetry yields
an LSI ratio of 1.0, while values less than 1.0 indicate a lesser contribution from the

surgical limb.

Muscle Function

An isokinetic dynamometer (KinCom, Chattanooga Inc, USA) was used to
determine unilateral knee extension strength. Participants were positioned with their hips
at 90 and knee at 60 degrees of flexion. A maximal voluntary isometric contraction
(MVIC) of the knee extensors, as well as the average force over a 3-second duration was
recorded in Newtons (N). The average of three trials (with 30-second rest between trials)
normalized to body mass (/kg) was used for analysis. This method has excellent
reliability (.81-.98.).*° Leg extension power of each limb was unilaterally measured on a
Nottingham power rig (Medical Engineering Unit, Nottingham, UK), and recorded in
Watts (W). Participants were seated in an upright position with arms folded across their
chests. The seat was adjusted until comfortable extension of the knee with full depression
of the foot pedal was reached. Participants were instructed to depress the foot pedal as

hard and fast as possible. After three warm-up trials at 50%, 75%, and 100% effort, six
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trials were performed and the average of the three highest trials, normalized to body mass
(/kg) was used for analysis. The leg extension power rig is a valid, reliable and feasible

means of assessing muscle power across the lifespan in both sexes.*®

Physical Function

Gait speed was measured over a 50-foot distance at the participant’s usual
walking pace. Participants were instructed to “walk at your normal daily pace.” The
average score from two recordings at usual walking speed were used for analysis. Gait
speed is a quick, inexpensive, reliable measure of mobility with established predictive
value for major health-related outcomes among older adults.*>*” The ABC scale, a 16-
item, validated, reliable self-report scale was used to determine balance confidence.
Higher scores indicate greater confidence in balance. Scores below 67 indicate high risk
of falling,*® and fall prevalence for elderly individuals with poor balance confidence
(score < 67) is twice that of individuals with balance confidence > 82.%° The LEM, a
validated 29-item self-report scale for assessment of perceived mobility and performance
was used as the self-report of physical function. The LEM is reliable, valid, and
responsive for assessing changes in performance after hip fracture.?* Scores of 75-85
indicate moderate limitations in mobility and scores above 85 indicate normal mobility.

The mPPT, a composite nine-item standardized test, is designed to assess multiple
dimensions of physical function, mimics ADLS, and includes assessment of various
movements such as standing balance, sit-to-stand transitions, light lifting, putting on and
removing a jacket, picking up an object from the floor, walking, and stair climbing.>°5!
This composite test categorizes level of frailty, with a