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Abstract: Human aging results in a variety of changes to skeletal muscle. Sarcopenia is the
age-associated loss of muscle mass and is one of the main contributors to musculoskeletal
impairments in the elderly. Previous research has demonstrated that resistance training can
attenuate skeletal muscle function deficits in older adults, however few articles have focused on
the effects of resistance training on functional mobility. The purpose of this systematic review
was to 1) present the current state of literature regarding the effects of resistance training on
functional mobility outcomes for older adults with skeletal muscle function deficits and 2) provide
clinicians with practical guidelines that can be used with seniors during resistance training, or
to encourage exercise. We set forth evidence that resistance training can attenuate age-related
changes in functional mobility, including improvements in gait speed, static and dynamic bal-
ance, and fall risk reduction. Older adults should be encouraged to participate in progressive
resistance training activities, and should be admonished to move along a continuum of exercise
from immobility, toward the recommended daily amounts of activity.
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Introduction

Healthcare providers are anticipating a significant increase in the number of older adults
living throughout the world.! By 2030, the number of adults aged 65 or older in the
US will more than double to approximately 71 million.? As these individuals age, they
will voluntarily decrease physical activity levels, which will result in a concomitant
decline in muscle strength.> Adequate muscular strength is fundamental to preserving
functional mobility in older adults. Accordingly, the loss of muscle strength in elderly
persons has been an increasingly important theme of research in recent years.

One of the leading factors associated with strength decline in older adults is the
age-related reduction in muscle mass, known pathologically as sarcopenia.** The
term was originally described in a symposium in the 1960s by Dr Irwin H Rosenberg
using the Greek words sarx and penia, signifying “loss of flesh”.® It was not until
Rosenberg published his well-regarded manuscript in 1989 that the term became
generally associated with age-related muscle loss.”

Since its 1989 recognition, the term sarcopenia has been embraced by various
definitions due to improved understanding of the relationships between muscle mass,
strength, and physical function. Seminal descriptions of sarcopenia were defined by the
amount of muscle mass within a reference area. More recent evidence however suggests
that community dwelling older adults experience weakness associated with low muscle
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mass and increased functional disability. For example, low
physical function in older adults such as rising from a chair
and performing personal care are directly associated with
sarcopenia.® Accordingly, more encompassing definitions of
sarcopenia are now being adopted, such as skeletal muscle
function deficits, which incorporate strength and physical
function together with muscle mass.

There is strong evidence to suggest that skeletal muscle
function deficits are treatable with exercise interventions.’
Specifically, resistance training (strength training exercise
with progressive overload where muscles exert a force against
an external load) is a safe and effective method of increas-
ing strength in older adults.'™'" However, recent reports
have suggested that improvements in physical disability
and health related quality of life have been recalcitrant to
resistance training.'> Moreover, the most expansive reviews
on this topic are either outdated" or have focused solely
on the benefits of strength and power outcomes.'* When
functional mobility outcomes are reported, they have been
detailed in response to multi-modal exercise programs.'
As a result, researchers and clinicians are left to debate
the impact of individual resistance training programs on
physical function for older adults. Therefore, the purpose of
this review was to isolate the effect of resistance training on
physical function in older adults with skeletal muscle func-
tion deficits by updating the current literature via systematic
review. We present evidence that resistance training results
in improved functional mobility in older adults, including
gait speed and gait kinematics, balance function, and limits
of stability. We finish by providing clinicians with recom-
mendations for resistance training interventions, which may
attenuate age-related changes in muscle function.

Methods

This systematic review was conducted in accordance with the
criteria outlined in the Preferred Reporting Items for System-
atic Review and Meta-Analysis (PRISMA) statement. '

Participants and study designs

All resistance training interventions that included a primary
or secondary outcome related to physical function were
included in the original data acquisition. Study designs
were included if they met the clinical trial definitions for
levels I-IV evidence according to the Methodology to
Develop Systematic Reviews of Treatment Interventions
developed by the American Academy for Cerebral Palsy and
Developmental Medicine (AACPDM) (2008 version, revi-
sion 1.2).""18 Older adults living at home in the community

or resident in institutions were included. Trials included par-
ticipants with a mean age 60 or over from a variety of health
conditions ranging from fit to frail. Studies were excluded if
they included persons with neurological conditions such as
stroke, multiple sclerosis, or Parkinson’s disease.

Types of interventions and outcome

measures

All trials that had a group of participants performing resis-
tance training as the primary intervention were included in
the original data acquisition. Resistance training was defined
as any strength training program in which participants
exercised a muscle against an external force that was set at
specific intensity for each participant.'® Studies that included
acrobic exercise, balance or other training measures were
excluded. The primary outcome of this review was physical
function. The outcomes were classified according to the
Activity taxonomy from the International Classification of
Functioning, Disability, and Health (ICF).? In the context
of the ICF model, the World Health Organization defines
“Activity” as the execution of a task or action by an individual
and “Activity limitations” as the difficulties an individual
may have in executing activities. We operationally employed
outcomes of interest reflecting balance and gait performance
during activities of everyday living.

Search strategy

In accordance with the newest standards for updating sys-
tematic reviews,?! we have chosen to include only articles
that were published after May 1, 2008, in order to provide
new evidence based on need and priority. Our goal was to
include studies from international journals published in the
English language through November 2016. We conducted
an extensive search using the following databases: PubMed,
CINAHL, SPORTDiscus, PEDro (the Physiotherapy
Evidence Database), and AgeLine. The subject specific
search strategy was employed in PubMed based on previ-
ous reviews'>? and modified for use in other databases.
A flow diagram is included demonstrating the process of
the search strategy according to the PRISMA flow sheet
guidelines (Figure 1).

Study selection

Two authors independently reviewed the search results
and extracted the data for full review. The data extrac-
tion forms included general study characteristics (groups,
sample data, outcome measures), study information (authors,
manuscript title, journal, publication year) and results.
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Figure | Literature search strategy, according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
Abbreviations: AACPDM, American Academy for Cerebral Palsy and Developmental Medicine; ICF, International Classification of Functioning; PD, Parkinson’s disease;

MS, multiple sclerosis; CVA, cerebrovascular accident.

Quality assessments of each study were performed using the
AACPDM guidelines. If discrepancies were found during
data extraction or regarding study quality they were resolved
by referencing the original article and discussion between
the two researchers. If the two authors could not reach a
consensus agreement, the primary author became the arbiter
and made the conclusive decision.

The AACPDM tool quantifies study quality by award-
ing one point for each of the following internal and external
validity study characteristics: 1) inclusion and exclusion
criteria were well-described and followed, 2) intervention
was adequately described and followed, 3) outcome mea-
sures used were valid and reliable, 4) outcome assessor was
unaware of the intervention status of participants (blinded),
5) authors conducted appropriate statistical tests including
power analysis, 6) dropouts were reported and were less than
20%, and 7) appropriate methods for controlling confounding
variables and limiting potential biases were used. A score of
6 or greater was considered to reflect a high-quality trial, a
score of 4 or 5 was considered to be moderate quality, and a
score of 3 or less was considered to be low quality.

Results

General aspects

A total of 366 citations were found, with 210 from PubMed,
84 from SPORTDiscus, 32 from CINAHL, 30 from PEDro
and 10 from AgeLine. Articles were reviewed for dupli-
cates, with 57 being removed and 309 studies remaining.
Article titles were reviewed for evidence of resistance
training interventions with functional mobility outcomes in
older adults; those not exhibiting such characteristics were
excluded (n=204). The abstracts of 105 articles were then
reviewed in reference to our exclusion criteria, leaving a total
of 11 articles for full text review (Figure 1).

Study design and quality

All 11 articles were prospective studies involving healthy
older adults. Eight of the 11 studies were randomized-
controlled trials, classified as level Il on the AACPDM level
of evidence scale.”*3° The remaining three articles did not
have an active control group and were therefore, classified as
level IV evidence.’'* Four of the 11 articles were assessed
a strong study quality rating,?>?%233 six were considered
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moderate quality,?>+2¢273032 and one article was considered
to provide weak individual study quality.?!

Study samples

All older participants were considered healthy, community-
dwelling adults with a mean age of 71.7 years (mean range
61.1-91.3 years). One study employed only male subjects,*
three utilized solely female participants,?3%*! and the remaining
seven reports included both sexes.?325-27:29:32.33

Exercise protocols
Five studies focused on training the large muscle groups in
the lower extremities.??#3%3233 Four of the studies examined
the effects of full body resistance training.?**"#*! Two studies
focused on resistance training for the muscles in the core of
the body including abdominals and spine stabilizers.?>%
There was a wide degree of heterogeneity between
resistance training designs. Specific details of each training
program can be seen in Table 1. The general consensus
between the 11 articles was to use 1-hour training sessions
on alternate days of the week, 2—3 times per week. Most of
the studies also included a 2-minute rest break between sets.
These studies also included a 10-minute aerobic warm up
prior to the resistance training portion. All exercise sessions
were supervised by a physical therapist, certified athletic
trainer or other trained exercise science specialist.

Functional outcomes

All outcome measures focused on improvements in func-
tional mobility of older adults. The most common outcomes
included the Timed Up and Go test (TUG)?>>?%2%3133 and
Functional Reach test (FR).?*2¢33 The TUG is a dynamic test
designed to assess mobility, balance, walking ability, and
fall risk in older adults. The FR is a simple balance task that
tests the ability of a person to move their center of mass to
the anterior limits of their base of support by measuring the
distance a participant can reach forward from a quiet stance
position. Both outcomes have been validated as fall risk
predictors in older adults.**¢ Full details of functional mobil-
ity outcomes can be seen in Table 1. Common secondary
outcomes reported were strength gains,?*?327-2%3032 generic
balance assessments,?-6-27-2%-32 and measurements of gait
speed*?*3! or gait kinematics.*

The article with the greatest overall effect sizes in
functional measures examined forward (Cohen’s d 3.80)
and backward (Cohen’s d 4.20) tandem walk test and FR
test (Cohen’s d 5.28).2* This study implemented exercise

for 60 minutes, 3 days per week, for 13 weeks. Participants
performed exercise targeted at their individual 80% 1 repeti-
tion maximum (RM), recalculated each week. The goal of this
study was to strengthen the bilateral lower extremities and
also included a 10 minute aerobic warm up and a 10 minute
post resistance training cool down on the stationary bike.

Discussion

Resistance training for older adults

Muscle mass decreases approximately 2% every year after
the age of 50.%7 In a similar manner, there is an approximate
15% decrease in muscle strength every 10 years after the age
of 50.3 However, resistance training can mitigate the loss
of muscle mass and muscle strength.' In order to attenu-
ate the effects of sarcopenia, it has been recommended that
older adults perform resistance training 2—3 days per week.*
Resistance training though, offers numerous benefits beyond
improvements in muscle strength alone for older individuals.
The purpose of this systematic review was to demonstrate the
effects of resistance training on functional mobility outcomes
as reported in papers published after May 1, 2008. Our findings
corroborate and strengthen earlier reports, which also demon-
strate improvements in balance, functional mobility and fall
prevention.'? Articles with the most robust study design and
strong study quality demonstrated improvements in Activity
limitations following resistance training. Lustosa et al, and
Granacher et al, demonstrated improved capacity to rise out
of a chair, ambulate and make turns (TUG test),”?* while
Nicholson et al demonstrated improved gait speed and some
aspects of standing balance.” Articles with equally well-con-
trolled designs, but moderate study quality also demonstrated
functional improvements. Persch et al, found that resistance
training was effective in reversing age-related changes in
gait speed, toe clearance, and cadence.® Static and dynamic
balance were improved following 6 weeks?? and 13 weeks*
of resistance training, but no improvements in compensatory
balance responses were reported.** These results reinforce the
premise that resistance training can play a fundamental role
in improving functional mobility and activities of daily living
for older adults. Additional research is needed however on the
effects of resistance training and other substantive outcomes
such as health related quality of life.!?

Recommendations for clinical practice

Due to the abundant improvements in skeletal muscle
function deficits with resistance training, this modality has
been widely accepted as a leading clinical intervention for
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Table | Characteristics of included studies

Study Population Intervention characteristics Functional outcomes
(age + SD)
Gonzalez et al® M&F 2 days/week for 6 weeks.* Dynamic warm-up. Full-body Single Leg Balance (SLB) d=0.47
71.1t6.1 progressive resistance training (RT) with three sets
of 8-15 repetitions. Intensity based on OMNI scale of
perceived exertion
Granacher et al* M I-hour session, 3 days/week for 13 weeks. |0-minute Functional Reach (FR) d=5.28
67.0+1.0 warm-up and cool-down on bike. Bilateral lower Tandem Walk Test
extremity (BLE) regimen of four exercises with three sets Forwards d=3.80
of 10 repetitions; 2-minute rest between sets. RT load set Backwards d=4.20
at 80% of | repetition maximum (I RM), adjusted weekly
Granacher et al® M&F I-hour session, 2 days/week for 9 weeks. Progressive RT FR d=1.49
70.8+4.1 for frontal, dorsal, rotational, and lateral core muscles Timed Up and Go (TUG) d=0.49
with 3—4 sets of |5-20 repetitions holding contraction 10-Meter Walk d=0.85
for 15-20 seconds; 30 seconds rest between sets and
2 minutes rest between exercises
Idland et al®' F I-hour session, 2 days/week for 12 weeks TUG d=1.45
91.3+1.4 10-minute aerobic warm-up. Four progressive compound Normal Gait Speed d=1.98
exercises for BLE and back muscles with 2-3 sets of 8—12 30-Second Chair Stands d=2.42
repetitions. Load was increased when participant could
perform |-2 repetitions above desired amount
Kahle and Tevald? M&F 20-35-minute session, 3 days/week for 6 weeks. Isometric FR d=1.3
76.516.9 and dynamic contractions of the core muscles focusing Star Excursion Balance Test
on slow and controlled motions with 5-25 seconds per d=1.9
repetition; |-2-minute rest between sets. Intensity was Curl Up d=44
progressed every 2 weeks
Kobayashi et al” M&F 3 days/week for 8 weeks.* Full body beginning movement Timed Chair Rise d=0.97
67.5£5.23 load training: movement corresponds to an axial rotation Timed Eyes Closed SLB d=0.81
about the involved limb segments to facilitate nonplanar Timed Stair Ascent d=0.50
motion. Resistance varies through ROM. Participants Timed Stair Descent d=0.77
performed 5-7 sets of 15 repetitions. Exercises were
performed at 30% | RM and the intensity remained
unchanged
Lustosa et al?® F I-hour session, 3 days/week for 10 weeks TUG d=0.32
72.0+4.0 Exercises targeted large BLE muscle groups with three 10-Meter Walk Test d=0.70
sets of eight repetitions using 70%—75% | RM
Nicholson et al?® M&F I-hour session, 2 days/week for 26 weeks TUG d=0.81
66.0+4.0 BodyPump: full body, prechoreographed group Normal Gait Speed d=0.95
exercise class utilizing low weight and very high reps Fast Gait Speed d=0.63
(around 70-100) per body part. Intensity was set at Chair Stand Test d=0.26
10%-30% | RM
Pamukoff et al* M&F I-hour session, 3 days/week for 6 weeks Max Forward Lean d=0.82
70.8t4.4 Exercises targeted large muscle groups of the BLE. Max Lateral Lean d=0.88
Performed at 50% | RM with three sets of 8-10
repetitions; 2—3 minutes rest between sets
Persch et al*® F 3 days/week for 12 weeks.* BLE strengthening exercises Gait Speed d=2.41
61.1+4.3 performed on pulley machines. Two sets of 10-12 Stride Length d=3.09
repetitions with 2-minute rest in-between sets. Intensity Cadence d=4.09
was increased when the participant completed more than Toe Clearance d=0.33
12 reps. Verbal encouragement was given at the end of
each exercise series
Yamada et al* M&F I-hour session, 2 days/week for 50 weeks. |5-minute TUG Frail d=0.37
75.818.0 aerobic warm-up and 0-minute stretching cool-down at SLB Frail d=0.22

end. Exercises on resistance-training machines targeted
BLE and trunk muscles. Participants performed three sets
of 10 repetitions on each machine

FR Frail d=0.47
Five Chair Stand Frail d=0.24
Falls Efficacy Scale Frail d=0.60

Notes: *Duration of exercise session not specified. d between-groups effect size, calculated as Cohen’s d.
Abbreviations: FR, Functional Reach test; SD, standard deviation; SLB, Single Leg Balance test; TUG, Timed Up and Go test; M, male; F, female; BLE, bilateral lower
extremity; ROM, range of motion, RT, resistance training.
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sarcopenia. Despite commonly accepted recommendations,’
there has been no definitive gold standard prescription for
resistance training exercise for mobility outcomes. This is
due in-part, to the heterogeneity of task outcomes, partici-
pant demographics, and training regimens (dose, mode, and
progression). Nowithstanding the challenges associated with
diverse approaches to empirical research in resistance train-
ing, one essential conclusion can be drawn from these studies:
doing something is better than doing nothing. Clinicians tend
to acknowledge this principle* but research has become so
prescriptive that it often overlooks the simplicity of the rec-
ommendation. However, Smith et al underscored the impor-
tance of continuous moderate amounts of activity in older
adults by longitudinally examining exercise in two different
groups (mean age of 72.5 years) over a 5-year period.*! The
first group performed resistance training throughout the entire
5 years (Trained), while the other group stopped after 2 years
(Detrained). Both groups trained at 80% of their own 1 RM.
The two groups significantly improved muscle strength at
the end of two years. However, at the 5 year follow-up the
Detrained group lost strength compared to the two-year
checkpoint. Interestingly however, the overall strength in this
Detrained group was still 15.6% higher compared to baseline.
Thus, doing something over the two year period was clearly
better than doing nothing. Clinicians should confidently rec-
ommend that staying physically active can help mitigate the
loss in skeletal muscle mass associated with aging.

Summary

Resistance training offers numerous benefits beyond
improvements in muscle strength alone for older individuals.
Several reports have demonstrated improvements in balance,
functional mobility, stability limits, and fall prevention.
Resistance training can attenuate age-related changes in
muscle function and improve activities of daily living
such as walking endurance, gait speed, and stair climbing.
Our research demonstrates that a significant increase in
functional performance can be achieved even at an elderly
age (>90 years old).

Notwithstanding the numerous well-known advantages
of resistance training, older adults often have difficulty
obtaining recommended daily doses of physical activity.
In these instances, clinicians should focus on what patients
can do instead of what they cannot do. Encouraging patients
to be active is paramount; advocating for increased activity
levels along a spectrum of mobility, with “no activity” on
one end, and “recommended daily amounts” on the other.
As clinicians encourage patients to move along that spectrum
toward prescribed levels, patients will gain confidence in

their mobility and increase intrinsic motivation toward a
progressive modicum of greater activity.
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