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Is Lower Extremity Strength Gain Associated With
Improvement in Physical Performance and Disability in
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ABSTRACT. Chandler JM, Duncan PW, Kochersberger G,
Studenski S. Is lower extremity strength gain associated with
improvement in physical performance and disability in frail,
community-dwelling elders? Arch Phys Med Rehabil 1998;
79:24-30.

Background: Strength loss is strongly associated with func-
tional decline and is reversible with exercise. The effect of
increased strength on function has not been clearly established.
The purpose of this study was to determine whether strength
gain is associated with improvement in physical performance
and disability.

Methods: One hundred functionally impaired community-
dwelling men and women (77.6 * 7.6yrs) were tested at base-
line and outcome for lower extremity strength, physical perfor-
mance, and disability. After random group assignment, exercise
participants received strengthening exercises in their homes
three times a week for 10 weeks while control subjects contin-
ved their normal activities. Using multiple regression tech-
niques, the relationship between strength gain and improvement
in physical performance and disability was assessed, controlling
for age, depression, and baseline strength.

Results: A significant impact of strength gain on mobility
skills (p = .0009) was found. The impact of strength gain on
chair rise performance was significant in participants who were
more impaired (p = .04). Strength gain was associated with
gain in gait speed (p = .02) and in falls efficacy (p = .05), but
not with other balance, endurance, or disability measures.

Conclusions: Lower extremity strength gain is associated
with gains in chair rise performance, gait speed, and in mobility
tasks such as gait, transfers, stooping, and stair climbing, but
not with improved endurance, balance, or disability. Strength
gain is also associated with improvement in confidence in mo-
bility. Factors that may influence the ability of strength gain to
affect function are initial level of frailty and specificity of exer-
cise. These results support the idea that strength training is an
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intervention that can potentially improve physical health status
in many frail elders.

© 1998 by the American Congress of Rehabilitation Medicine
and the American Academy of Physical Medicine and Rehabili-
tation

RAILTY HAS BEEN DEFINED as a loss of physiologic

reserve that leads to decline in physical performance and
functional independence.’ Frailty becomes more prevalent as
age increases but is no longer considered an inevitable conse-
quence of aging. Some aspects of frailty are known to be revers-
ible; strength loss is reversible even in the oldest old. Because
strength loss is associated with poor function, falls, and need
for services,” improving strength might improve outcomes.

Strengthening programs for the elderly are effective.”'® Wide
variation in muscle strength gains may be accounted for by
differences in strength measures, intensity of exercise, or rela-
tive health of the study populations. The effects of strength
training on mobility performance and quality of life are unclear.
Studies in healthy elders find little effect,'" whereas those in
frailer samples report changes in walk time and walk dis-
tance.'®'*'* The association between strength and function may
be curvilinear'”; a critical amount of strength is needed for
“‘normal’’ performance of specific activities. Above this thresh-
old level of strength, further increase will not enhance perfor-
mance of the task. Below the threshold, there should, theoreti-
cally, be a stronger relation between strength change and change
in performance.

Though the overwhelming majority of frail elders live in the
community, most studies of exercise in frail elders have been
in institutions. A targeted in-home intervention, including
strengthening in persons with lower extremity weakness, de-
creased the rate of falls in a high-risk community-dwelling sam-
ple.”® This multifactorial intervention could not examine the
specific impact of exercise on falls. No study has specifically
examined the impact of strengthening exercise delivered in the
home to frail, functionally impaired elders.

We examined the correlation between changes in lower ex-
tremity strength and changes in physical performance and dis-
ability in a frail community-dwelling population using progres-
sive resistive strength training delivered in the home. We
predicted that strength gain would be associated with improve-
ment in physical performance and disability, and that gains
would be greater in those initially at a predefined lower level
of frailty.

METHODS

Study Design

This is a prospective controlled clinical trial with baseline and
postintervention measures of lower extremity strength, physical
performance, and disability. The rationale for choosing this
study design was to generate a wide range of strength changes
to test their relationship to changes in physical performance and
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disability. Based on evidence from the literature, we anticipated
that the intervention group would have greater gains in strength
than the control group.

Study Sample

Fifty men and 50 women, community-dwelling volunteers
older than 64 years of age, were recruited from areas within a
25-mile radius of the Durham Veterans Affairs Medical Center
(DVAMC). Participants were recruited from outpatient
DVAMC clinics, Duke Aging Registry, elderly housing com-
plexes, home health agencies, Meals on Wheels programs, and
private clinics in the area. Telephone screening eliminated those
not interested, too fit (=3 on Reuben’s Advanced Activities of
Daily Living)"” or diagnosed with: (1) terminal illness ie, the
patient was not expected to survive 6 months; (2) severe, unsta-
ble cardiac disease, including myocardial infarction in the past
6 months; (3) severe fixed or progressive neurologic disease
(eg, stroke with significant hemiplegia, Parkinson’s disease);
(4) complete blindness; or (5) lower extremity amputation.

Potential participants underwent further review of medical
records and a medical screening by a geriatrician. Persons scor-
ing below an 18 on the Folstein Minimental Status Exam'®"
were excluded if unable to follow a 3-step command. All partici-
pants met a prespecified criterion for frailty, defined as the
inability to descend stairs step over step without holding the
railing. Poor stair descent has been associated with increased
risk for falls.” We stratified two levels of functioning within
our sample, operationally defined as (1) higher functioning, ie,
those who were able to rise from a standard 17" chair without
using their arms, and (2) lower functioning, ie, those who were
unable to rise without using their arms. Each participant’s pri-
mary physician approved exercise participation.

Of the initial pool of 850 potential subjects contacted, 178
were excluded for medical reasons, 241 were too fit, 202 were
not interested, and 129 were excluded for other reasons (eg,
lived in rest home, or not able to commit for 3-month study
duration). One hundred individuals met eligibility criteria and
agreed to participate.

Protocol

After informed consent, subjects underwent baseline testing
of strength, physical performance, and disability. Subjects were
then block-randomized and stratified by the two levels of func-
tioning.

The exercise intervention was initiated within 5 days of base-
line testing. Exercise subjects were supervised by a physical
therapist in a 10-week, 3-session-per-week, in-home program
of resistive lower extremity exercises using theraband and body
weight for resistance (appendix A). Using principles of progres-
sive resistive exercise, theraband resistance for each participant
was systematically increased during the 10-week program. Ex-
ercises included resisted hip extension and abduction, knee
flexion and extension, ankle dorsiflexion, toe raises, chair rises,
and stair stepping. The control subjects were asked not to initiate
any new exercise program during the 10-week period.

Within 5 days of the end of the intervention/control period,
all subjects were retested in the laboratory for posttest measures
of strength, physical performance, and disability. Control sub-
jects were then offered the exercise program.

Testing Procedures

All baseline laboratory testing was performed by persons
blinded to the subject’s intervention status. The examiner who
performed postintervention testing was, by protocol design, not

familiar with participant and had no knowledge of the partici-
pant’s baseline scores. Testing took approximately 2.5 to 3
hours to complete. Participants were allowed to rest as needed.
Participants were offered a lunch break in the hospital cafeteria
when the testing session ran into the lunch hour.

Lower extremity strength testing. Strength of bilateral knee
extensor and flexors, ankle dorsiflexors, and plantarflexors was
measured isokinetically and isometrically using the Cybex 6000
isokinetic dynamometer.” Knees were tested at 60°/sec and
ankles at 30%sec. Participants were seated comfortably on the
Cybex chair apparatus with hips and knees flexed at approxi-
mately 90°. The trunk, pelvis, and distal thigh of the tested
extremity were stabilized with Velcro straps. For the knee mea-
sures, the axis of rotation of the dynamometer aligned with the
knee joint axis. Peak torque in N-m and work produced during
each of the last three of five repetitions were recorded and
averaged. Isometric peak torque produced by the knee flexors
and extensors was measured by setting the dynamometer speed
to 0°/sec and positioning the limb at 60° flexion for knee exten-
sor strength and 30° flexion for knee flexor strength. Two 5-
second contractions in each direction (flexion and extension)
were recorded and averaged.

For the ankle, peak torque and work produced during each
of the last three of five repetitions were recorded and averaged.
With the knee joint positioned in 45° flexion, isometric ankle
dorsiflexion and plantar flexion were measured by positioning
the ankle joint in 10° plantar flexion for plantar flexion strength
and in 25° plantar flexion for dorsiflexion strength. The peak
torque generated during each of two 5-second contractions was
recorded and a mean of the two trials was calculated.

Isometric hip abductor strength was measured using the Nich-
olas hand-held dynamometer® with the participant supine and
the hip joint in 30° abduction and 0° flexion. It was determined
in preparatory pilot work before the start of this study that better
stability, patient comfort, and, hence, reproducibility could be
achieved by testing the hip abductors in the supine position
than in the sidelying position in this frail population. The patient
was positioned supine with straps securing the pelvis and distal
thigh of the tested extremity. The point of application of the
dynamomter pad was approximately 1 inch proximal to the
lateral malleolus in most participants. If the participant experi-
enced discomfort at that point of application, the dynamometer
was adjusted proximally until there was no discomfort. The
lever arm (distance from the greater trochanter to the point of
application of the dynamomter pad) was recorded bilaterally.
The participant pushed against the dynamometer as the tester
pushed in the direction of adduction. An assistant helped stabi-
lize the participant by placing a hand at the pelvis and distal
thigh of the untested extremity and preventing movement of
the participant’s body as he or she pushed outward with the
tested leg. The peak force generated (in Newtons) was recorded
digitally. Participants were given two submaximal warm-ups
and three maximal test trials. The mean peak torque of the three
test trials was calculated for each side.

Choosing the best strength measures. Different muscle
groups are used for different functional tasks. The association
between strength gain and function must be studied based on
kinesiologic principles in the context of specific muscle-func-
tion relationships. In preparation for the current study, we devel-
oped and tested summary measures of strength (from the muscle
groups tested above), for each performance and disability mea-
sure using cross-sectional data (table 1).*' The strength measure
with the best conceptual and evidence-based association with
each specific performance or disability measure is used in the
current analyses. The derived summary measures were calcu-
lated using the method described in appendix B.
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Table 1: Strength Indexes for Performance and Disability Measures

Strength Index

Muscles Used

Mobility Skiils Knee extensor, plantar flexor isokinetic peak torque index
Chair Rise Bilateral knee extensor isokinetic peak torque index
Functional Reach Dista! isokinetic peak torque index

Static Sway Distal isometric peak torque index

Gait Speed Bilateral knee extensor, plantar flexor isokinetic work index
6-Minute Walk Bilateral knee extensor, plantar flexor isokinetic work index

Falls Efficacy Scale Total isokinetic peak torque index

MOS-36 (physical scale) Total isokinetic work index

Bilateral knee extensor, plantar flexors

Bilateral knee extensors

Bilateral dorsiflexors and plantar flexors

Bilateral dorsiflexors and plantar flexors

Bilateral knee extensors, plantar flexors

Bilateral knee extensors, plantar flexors

Bilateral knee extensor and flexors and dorsiflexors,
plantar flexors

Bilateral knee extensor and flexors and dorsiflexors,
plantar flexors

Physical performance measures. The following character-
istics of balance, walking, mobility, and chair rise were mea-
sured.

Balance. Functional reach was defined as the maximum
distance a subject could reach forward beyond arm’s length
while maintaining a fixed base of support in the standing posi-
tion and was recorded as the mean of the last three of five
trials.?* Spontaneous postural sway was recorded as the partici-
pant stood, eyes closed, with the medial malleoli approximately
2.5cm apart, on a 61cm X 61cm force platform constructed by
the Biomedical Engineering Department at Duke University.
Details of the force platform construction and data acquisition
software have been described previously.® The maximum excur-
sion of the center of pressure in the medial-lateral direction
during each of two 30-second trials was recorded and averaged.
Center of pressure was recorded at 50Hz.

The falls efficacy scale assessed confidence in a subject’s
ability to avoid a fall during each of 10 essential, nonhazardous
activities of daily living.” This instrument was added midway
in the study and administered to approximately 70 participants.

Walking. Endurance was assessed using the 6-minute walk
test.?** The distance (in feet) walked at a normal pace on a
measured walkway in 6 minutes was recorded. Participants were
instructed to walk as far as possible during the 6 minutes and
were given standardized encouragement.”® Gait speed used two
trials of a timed 10-meter walk at comfortable walking speed,
which were then averaged. Speed was calculated in meters per
second.

Mobility. The mobility skills protocol was used to assess a
series of 13 progressively challenging mobility skills, including
sitting balance, sitting reach, transfer, rising from a chair, stand-
ing balance, picking up an object from the floor, walking, turn-
ing, stopping suddenly, stepping over a shoe box, reaching, and
ascending and descending stairs.”” The mobility skills protocol
has been validated in elderly populations from community-
dwelling frail to nursing home elderly.?**

of 6 randomly ordered seat heights ranging from 13" to 23".
The subject’s inability to rise from a chair without using his or
her arms constituted a failure. The chair rise score was the
lowest height from which the subject could successfully rise.

Disability measure. Medical Qutcomes Study (36-item
short form) health survey (MOS-36) was administered in full,?®
but only the physical functioning subscale (question 3) was
used as the outcome measure in this study. The MOS-36 was
self-administered except in cases of poor vision or low literacy,
in which case it was administered by interviewer. The pretest
to posttest mode of administration remained the same for each
individual.

Depression scale. A short, 1l-item depression scale
adapted and validated by Koenig and colleagues® was used to
obtain a clinical marker of depression. The measure was self-
administered except in cases of poor vision or low literacy when
it was administered by interview.

Analysis

All data were analyzed using SAS statistical software.® Uni-
variate procedures were used to check for normal distribution
of each variable. Dichotomous variables were created when the
assumption of normality was not met. Only depression and
change in chair rise performance were not normally distributed.
In those two cases, dichotomous variables were created as fol-
lows: depression = yes if >3, gain in chair rise ability = yes
if =1.

To examine the impact of the intervention on strength and
performance, we used two-sample, paired ¢ tests to compare
change scores between intervention and control participants.
For select analyses, we stratified by our two levels of frailty.

Linear regression was used to examine the impact of change
in strength (Time 2 — Time 1) on physical performance and
disability at Time 2 for all continuous dependent variables.
Control variables included age, depression, baseline strength,
and baseline performance or disability score. To test for effect

Chair rise. The participant was asked to rise from a series modification by level of frailty, models were run separately for
Table 2: Demographics of Study Sample
Quantiles
Mean (SD) or 0% 50% 100%
% {(Minimum} 25% {Median) 75% (Maximum)
Age 77.6yrs (7.6) 66 71 77 83 97
Education 10.3yrs (4.2} 3 7 11 125 20
Depression (Koenig®) 2.2 (2.3) 0 5 1 35 9
Cognition—MMSE 24.3 (4.1) 11 22 25 27 30
Married 45%
Widowed 43%
Race 66% white
34% black
Level of frailty
Cannot do stairs, can do chair rise 57%
Cannot do stairs, cannot do chair rise 43%

Abbreviation: MMSE, Mini—Mental Status Exam.
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Table 3: Mean Baseline Values of Physical Performance and Disability
for the Total Sample

Performance Task n Mean (SD) Range
Mobility skills (0-26) 100 20.6 (3.7) 6-24
Chair rise® 99 4.2 (1.8} 0-6
Functional reach (inches) 100 9.4 (3.0 0.7-16.3
Spontaneous sway {cm) 80 2.7 (1.3) 0.7-6.6
Gait speed (m/sec) 98 .78 (.25} .16-1.28
6-Minute walk distance (feet) 100 762.7 (308) 75-1,304
Falls efficacy scale (0-100) 70 77.6 (19.6) 19-100
MOS-36 (physical, q.3) 96 42.4 (23.2) 0-95

* Chair rise score indicates the number of chair heights from which the
subject could successfully rise without using the arms. There were six
randomly ordered chair heights ranging from 13 to 23 inches. A score of
6 is the highest, indicating success at all heights tested.

each frailty group. If no effect modification was found, the
strata were collapsed and the models were re-run, adding frailty
level to the other control variables. Logistic regression was
applied for the dichotomous outcome, gain in chair rise ability.
As in the case of the linear models, a stratified analysis was
performed first.

RESULTS

Demographics

Fifty men and 50 women had a mean age of 77.6 years and
a mean education of 10.3 years (table 2). Fifty-seven percent
were higher functioning according to our level of frailty classi-
fication.

Baseline values demonstrate a moderately limited population
(table 3). There were no significant gender differences in any
variable except chair rise, which was worse in women (p =
.04). Originally attributed to gender differences in height, chair
rise remained significantly different (p = .051) by gender even
after controlling for height.

Baseline comparability in demographic, strength, perfor-
mance, and disability data between intervention and control
groups is shown in table 4.

Comparison of Change Scores: Intervention Versus
Control Subjects

Thirteen (7 controls, 6 exercise) of the 100 dropped out before
completing the study. Drop-outs did not differ from participants
in any baseline factors. Reasons for drop-outs included illness
(n = 9), death from pneumonia (n = 1), loss of interest (n =

Table 4: Baseline Comparability of Demographic, Strength, Physical
Performance, and Disability Measures

intervention Control
(n = 50) (n = 50)
Age (yrs) 77.5(7.1) 77.7 (1.8)
Cognition (MMSE) 24.5 (4.1) 24.7 (4.1)
Depression {0-11) 2.3{2.2) 2.1(2.4)
Mobility skills (0-26) 20.7 {3.0} 20.5 (4.3)
Chair rise (0-6) 4.1 (0.7) 4.3{1.8)
Gait speed (m/sec) 78 (.23} .78 (.28)
6-Minute walk (feet) 783 (283) 743 (332)
Functional reach (inches) 9.3(2.8) 9.4 (3.3)
Spontaneous sway {cm) 2.9 (1.25) 25(1.3)
Falls efficacy scale (0-100) 78.3 (18) 76.9 (21)
SF36-physical (question 3) (0-100) 40.1 (20.4) 44.8 (25.8)
Representative Muscle Groups:
Knee extension (right} (N-m) 58.8 (27) 49 (23}
Knee flexion (right) (N-m) 28.7 (18.2) 24.0 (11)
Plantar flexion (right) (N-m) 22.8 (11.6) 20.9 (10.2)
Dorsiflexion {right} (N-m) 9.2 (4.7) 8.5 (4.3)

Values listed as mean {SD); p values (« = .05} not significant for any of
the variables.

Table 5: Change in Strength: Intervention Versus Control

Intervention: Control Group:

Mean Change Mean Change P

in N-m (SD) in N-m (8D} Value
Right knee extension +4.9 (14) —.7 (8.2} .03
Right knee flexion +4.6(7.1) +.3 (4.8} .001
Right dorsiflexion +.81(3.1) -.3{2.1) .06
Right plantar flexion +3.1 (6.4} +.25 (5.7} .03

Mean strength changes {in N-m) in representative muscle groups pre-
sented in this table represent approximately 9% to 16% strength gain for
the exercise group and approximately a 1% gain to 3% decline in strength
for the control group.

1), increased hip pain (n = 1), and unwillingness to undergo
posttest strength testing (n = 1). Analysis of change scores
included the remaining 87 participants.

Participants in the strength training group had significantly
greater strength gain than control subjects (p = .001 to .06 for
different muscle groups). Pretest to posttest strength changes
from a representative sample of muscle groups are shown in
table 5. Strength changes seen represent about 10% to 16%
strength gain for the exercise group and about a 1% gain to 3%
decline in the control group. We therefore met our goal to
generate a range of strength changes in this sample of frail
elders using a randomized clinical trial design.

Relation Between Change in Strength and Change in
Function and Disability

Tables 6 through 8 show the results of the linear regression
analysis, demonstrating the impact of change in strength on
physical performance and disability measured at Time 2 (post-
test), controlling for age, depression, baseline strength, and
baseline function. There was no effect modification by level of
frailty, so the strata were collapsed and the results presented
for the full model. Strength gain was significantly associated
with gain in mobility skills performance, increase in gait veloc-
ity, and gain in falls efficacy. Strength change was not related
to change in 6-minute walk distance, functional reach, static
sway, or MOS-36, physical scale. Table 9 shows the results of
the logistic regression analysis, stratified by level of frailty. For
the chair rise task, strength gain appears to have a greater impact
in the lower functioning group but not in the higher functioning
group. Because frailty level was classified based on chair rise,
the lower functioning group was likely, by definition, to have
greater potential for gain. However, only a relatively small num-
ber of persons improved in chair rise by our definition, making
parameter estimates unstable and confidence intervals very
wide.

DISCUSSION

This is the first study to directly examine the impact of
strength gain on physical performance and disability in frail,

Table 6: Results of Linear Regression Showing Relationship Between
Change in Strength and Physical Performance (Mobility and Gait}

at Time 2

Mobility Skills Gait Speed Endurance

B P 8 p 8 p
Change in strength  1.35  0.0009 .08 .02 48.2 12
Age -.03 03 —-.0006 0.8 —-.04 .98
Depression -.12 08 .01 0.7 15.3 .59
Baseline strength .33 0.2 .05 0.2 40.5 .03
Baseline

performance .83 .0001 76 .0001 .81 .0001

Level of frailty .05 09 .02 47 639 .04
Adjusted R? .76 .78 .85
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Table 7: Results of Linear Regression Showing Relationship Between
Change in Strength and Physical Performance (Balance) at Time 2

Table 9: Logistic Regression, Stratified by Frailty Level, of Change in
Strength and Improved Chair Rise Ability

Functional Spontaneous p
Falls Efficacy Reach Sway B (SE) Vailue Odds Ratio 95% ClI
8 P B P B P Lower functioning
Change in strength 10,1 05 — o7 7 06 06 Change in strength 3.8 (1.9) .0 46.7 1.1-1635
Age 34 04 _o1 02 01 04 Age -.11{.07) .14 .89 .76-1.1
) ' _ ’ ) ’ Depression 1.6 {1.0) M 5.2 1.6-36.9
Depression 5.8 0.2 .35 0.4 -.13 06 Baseline strength 16 (8 06 48 4
Baseline strength 47 0.1 28 .28 -.15 24 . Ine streng 6.8 ' : 1-24.5
Baseline Higher functioning
performance 56 0001 .59 0001 .66 .0001 Change in strength  —26 (73} 07 77 1832
. Age .001 (.06) 0.9 1.0
Level of frailty 1.06 .83 .37 42 -.21 .36 .
Adjusted R? 29 54 51 Depression .48 (.78) 0.5 1.6 .35-7.5
: : ) Baseline strength 0.1 (.4) 0.8 1.1 0.5-2.4

community-dwelling elders. We found that strengthening can
be accomplished using a low-technology, in-home, progressive
resistive exercise program supervised by a therapist. More im-
portantly, lower extremity strength gain is significantly associ-
ated with gains in chair rise ability and in mobility tasks such
as gait, transfers, stooping, and stair climbing, but not with
improved endurance, balance, or disability. Factors that may
influence the ability of strength gain to affect function are (1)
initial level of frailty, (2) specificity of exercise and, (3) respon-
siveness of outcome measures in a frail population.

Initial level of frailty may affect the impact of strengthening
on performance. The effect of exercise on chair rise ability
appears to be greater in more frail elders in this study. Knee
extensor strength might be ‘‘above threshold’’ for the chair rise
task in the more fit group, so that further strengthening cannot
further improve chair rise function. Our results may be limited
by our measure for chair rise. A more responsive measure such
as timed chair rise might have been able to pick up change in
the higher functioning group as well the lower functioning
group and enabled a better estimate of the relationship between
strength gain and chair rise ability.

Strength gain affected mobility skills performance in both
frailty levels. All participants were likely to have strength ‘‘be-
low threshold’” because eligibility required performance limita-
tions and the mobility skills protocol tests a broad range of
function.

The lack of association between strength change and change
in balance or endurance may be explained by (1) variability
in performance or (2) specificity of exercise. We found large
variability in gait, transfer, and balance after a 2- to 3-month
period in both the intervention and control groups. A recent
intervention study by Tinetti and coworkers'® showed similar
variability in 3-month performance in controls. Large variability
over a few months may be characteristic of frail elders with less
stable health status associated with remitting and exacerbating
chronic conditions. Treatment effects must be large to overcome
such variability in performance.

Specificity of training may partially explain the weak impact
of strength gain on balance or endurance. The program we used
was specifically designed to strengthen lower extremity muscles

Table 8: Results of Linear Regression Showing Relation Between
Change in Strength and Disability (MOS-36, Physical Scale} at Time 2

MOS-36, Physical Scale

8 P
Change in strength -25 0.6
Age .51 .09
Depression 4.1 0.3
Baseline strength 0.7 0.7
Baseline MOS-36, physical scale 0.7 .0001
Level of frailty 6.0 .15
Adjusted R® .55
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Strength gain appears to be more strongly related to improvement in
chair rise in more impaired participants.
Abbreviations: SE, standard error; Cl, confidence interval,

at slower speeds of movement. Activities most likely to benefit
require strength generated during slow, forceful contractions of
the trained muscles, such as chair rise, transfer, stooping, and
stair climbing. Balance tasks require specific muscle attributes.
Static sway requires quick muscle contractions of low force to
maintain the center of gravity over the base of support. Func-
tional reach requires eccentric (controlled lengthening) rather
than concentric (shortening) contractions of the plantar flexors.
We did not emphasize eccentric plantar flexor strengthening in
our exercise program.

Although there was not a relation between strength gain and
improvement in measures of balance performance, there was a
significant relation between strength gain and falls efficacy
scale, suggesting that gain in strength has a positive influence
on a person’s perception of his or her ability to avoid falls.
Our training program may have been of insufficient duration or
intensity to have had a more direct impact on measures of
balance performance. Findings reported recently showed that a
12-month generalized, low-intensity conditioning program in
community-dwelling elderly produced gains in strength similar
to those seen in our study, as well as significant changes in
static sway. These results suggest that a longer duration of low-
intensity exercise may be important in improving balance.”!

The 6-minute walk distance is a measure of endurance, which
was not specifically treated by our program. A recent study in
older adults, however, suggests that strength training can also
improve endurance.” The fact that our training program did not
improve endurance may be because we used a lower intensity
strengthening program than the one used in that study, resulting
in more modest gains in muscle strength. Another possibility
is that a low to moderate exercise stimulus like the one in this
study may have been too short-term to effect significant change
in muscle endurance.

The relation between strength change and change in distal
outcomes such as MOS-36 has not been studied. We found no
significant effect on MOS-36 (physical scale), a measure that
may not have been sensitive to changes in strength or perfor-
mance seen in our study. MOS-36 may be more sensitive to
change in those capable of higher level activities. Relative
frailty may be a critical issue when selecting appropriately sen-
sitive outcome measures. The physical activity questions on
the MOS-36 probe higher-level physical functions (vigorous
activities, walking a mile or a block, climbing stairs) but not
in-home mobility such as getting around the house. Frail indi-
viduals may improve in tasks not captured by the MOS-36.
Selecting the right population with the right measure of disabil-
ity is essential when studying function as an outcome.

In summary, in the population most in need of programs to
improve strength—community-dwelling frail elders-—strength
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gain can be achieved using simple resources. The strength gain
achieved in this population and setting with a well-tolerated
low- to moderate-intensity program can improve mobility and
gait speed. Higher-intensity or longer-duration strength training,
or other types of exercise, may be needed to improve balance
and endurance.
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APPENDIX A: DESCRIPTION OF EXERCISE
INTERVENTION

This progressive resistance exercise program incorporates the
physiologic principles of overload and specificity and is consis-
tent with American College of Sports Medicine guidelines for
strength training. The exercises are designed to improve lower
extremity strength at slow velocities of movement. The muscle
groups targeted in this program include ankle plantar and dorsi-
flexors, knee extensors and flexors, and hip extensors and ab-
ductors. After a 5S-minute warm-up consisting of gentle stretch-
ing and marching in place, each participant was systematically
positioned to perform exercises for each of the muscles groups
identified.

Theraband, a color-coded series of elastic bands with varying
tensions, was used to provide progressive resistance to the mus-
cles. Different theraband colors identify the strength of the resis-
tance applied. Progression in colors in ascending order of resis-
tance is yellow, red, green, blue, black, and silver. Participants
were started at a theraband color for each muscle that was
consistent with their initial strength capacity. The starting level
of theraband was determined by finding the point at which the
participant could perform 6 to 8 repetitions of the exercise with
good quality (eg, full range of motion, no substitution by other
muscle groups) before fatigue. The participant exercised 3 times
per week, progressing to two sets of 10 repetitions for each
exercise. Once the participant could perform two sets of 10
easily at a given color of theraband, the resistance was increased
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by replacing the theraband with the next color. In some in-
stances, participants increased in strength beyond the silver
(strongest) band for some muscle groups (quadriceps, for exam-
ple). In these cases, another band of black was added to the
silver to give the necessary added resistance. During the course
of the 10-week intervention, therapists used these guidelines,
coupled with their clinical knowledge, to determine the appro-
priate time for and amount of increased resistance for each
participant.

APPENDIX B: STANDARDIZATION OF STRENGTH
SCORES

To create summary strength scores or indices that represent
bilateral, functionally related muscle groups, we considered it
important to account for (1) gender differences in strength
scores and (2) differences in relative force-generating capacity
of different muscle groups. To do this we chose to standardize
each muscle group to a gender-specific mean and standard devi-
ation, such that

Xi_Y
S

X =

where X; equals the individual’s muscle strength score for a
particular muscle group (X), X equals the gender-specific group
mean for that particular muscle group; and s is the standard
deviation for that muscle group. A strength score based on peak
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torque generated during isokinetic contraction of bilateral knee
extensor would be calculated as follows:

Standardized bilateral knee extensor score (SKE;)

_ Right knee extensor(RKE;) + Left knee extensor (LKE;)
s(RKE + LKE)

A separate index would be similarly created for a strength
score based on work generated during isokinetic contraction of
bilateral knee extensor or for a strength score based on peak
torque generated during an isometric contraction of bilateral
knee extensor. Indices that involve the sum of different, func-
tionally related muscle groups follow the same process. Creation
of a proximal-distal index that includes standardized knee exten-
sor and standardized ankle extensor [bilateral knee extensor
(SKE;), as above, and bilateral plantar flexors (SPF;)] would
be carried out as follows:

Standardized knee-ankle extensor index (SK-A;)

_ (SKE)) + (SPF)
~ 5 (SKE + SPF)

Using a similar process, we created standardized strength
variables for six different combinations of lower extremity mus-
cle groups that were previously shown to be the most strongly
correlated with the specific performance and disability measures
of interest. Table 1 shows the strength measures that were cre-
ated and the specific tasks they were shown to represent best.



