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OBJECTIVES: To determine whether variation in resist-
ance exercise volume affects muscle function and physical
performance response in older adults.

DESIGN: A randomized trial with subjects assigned to a
single-set (1-SET) or three-set (3-SET) exercise group.

SETTING: An exercise facility at the University of Queens-
land.

PARTICIPANTS: Twenty-eight community-dwelling men
and women aged 65 to 78.

INTERVENTION: Progressive resistance training consist-
ing of seven exercises targeting the major muscle groups of
the upper and lower body performed on exercise machines
twice weekly for 20 weeks at eight-repetition maximum
(RM) intensity.

MEASUREMENTS: Muscle function included isotonic
muscle strength (1-RM) of the seven exercises, isokinetic
and isometric knee extensor strength, and muscle endur-
ance for the chest press and leg press exercises. Physical
performance included timed chair rise, usual and fast 6-m
walk, 6-m backwards walk, 400-m walk, floor rise to
standing, and stair climbing ability. In addition, body com-
position was determined using dual energy x-ray ab-
sorptiometry.

RESULTS: Isotonic muscle strength increased in both ex-
ercise groups for all seven exercises (Po.01), with the gain
in the 3-SET group greater (Po.05) for the seated row,
triceps extension, and knee extension (analysis of covari-
ance). Similarly, muscle endurance gains were greater for
the 3-SET than the 1-SET group (Po.01), with no signif-
icant difference between groups for isokinetic and isometric
knee extensor strength. Both groups improved (Po.05) in
the chair rise (1-SET, 10.1%; 3-SET, 13.6%), 6-m back-
wards walk (1-SET, 14.3%; 3-SET, 14.8%), 400-m walk
(1-SET, 3.8%; 3-SET, 7.4%), and stair climbing test (1-SET,
7.7%; 3-SET, 6.4%), with the only difference between

groups for the 400-m walk (Po.05). There was no differ-
ence between groups for change in body composition.

CONCLUSION: Resistance training consisting of only
single-set exercises is sufficient to significantly enhance
muscle function and physical performance, although mus-
cle strength and endurance gains are greater with higher-
volume work. These findings have application in designing
time-efficient exercise regimens to enhance neuromuscular
function in older adults. J Am Geriatr Soc 53:2090–2097,
2005.
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Resistance exercise is recognized as a safe and effective
strategy to enhance the neuromuscular system of older

adults, improving muscle strength and power as well as the
ability to perform functional tasks, which may contribute to
the prevention of falls and maintenance of independence.1–3

A number of variables constitute the resistance exercise
prescription and include the intensity of training (load), the
number of sets and repetitions (volume), rest period length
between sets and exercises, frequency of training, and rep-
etition velocity.4,5 Some of these variables have been ex-
amined in older adults,3,6–9 and studies indicate that
favorable responses in muscle strength and physical per-
formance result from a variety of training regimens, even
those that involve relatively low intensities and frequen-
cies.3,8,9

Nevertheless, it is unclear whether multiple sets (high-
er-volume work) are necessary to significantly improve or
optimize strength gains and physical performance in this
population. The vast majority of studies undertaken to ex-
amine the effect of resistance training in older adults used
multiple-set protocols,1–3,8,10–12 typically three sets. A few
investigators have used single-set training regimes and re-
ported modest strength improvements.9,13 In young and
middle-aged adults, studies comparing single- and multiple-
set training have demonstrated conflicting results.14–16 Al-
though a number of recent studies17–22 have confirmed
findings supporting additional strength gains with multiset
regimens,14 none of these interventions used older adults.
Given the detrained state of many older people, it is possible
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that substantial and similar improvements in strength may
be observed with a modest volume of work. If a single-set
program is shown to be as effective as a multiset program
for eliciting favorable changes in muscle strength and phys-
ical performance, then the time requirement for exercise
sessions would be reduced, which might enhance exercise
participation and adherence and minimize residual soreness
in the initial stages. In addition, a shorter exercise protocol
would be advantageous in community-based programs,
permitting a larger number of people to train with the
available equipment.

Therefore, the purpose of the present study was to
compare a single-set high-intensity resistance-training pro-
gram with a multiset one, both of which targeted major
muscle groups of the upper and lower body over 20 weeks
to determine whether training volume affects muscle func-
tion and physical performance response. Because strength
gains reflect neural and muscular contributions, with mus-
cle fiber hypertrophy becoming dominant with extended
training duration and higher training volumes,23,24 it was
hypothesized that both groups would improve muscle
strength significantly and similarly until the midpoint of
the intervention (reflecting neural adaptation), with greater
improvements for the multiset group thereafter. Further-
more, a threshold above which improvement in maximal
strength will yield only small improvements in function
characterizes the relationship between maximal strength
and functional performance. Strength above the threshold is
more than what is needed for performing daily function and
is called physical reserve.25 Because this critical threshold
would have been met or exceeded at baseline and well
passed as a result of both training regimens, it was hypoth-
esized that both exercise groups would improve physical
performance similarly. Nevertheless, although further gains
in muscle strength may not improve performance, the in-
dividual’s reserve capacity will be enhanced, which provides
a safety margin for maintaining function after periods of
deconditioning/inactivity resulting from illness or surgery.26

In addition to muscle function and physical performance,
the effects of the exercise regimens on body composition are
reported.

METHODS

Subjects

Thirty-two-older adults (12 women and 20 men) aged 65 to
78 were recruited via newspaper advertisements to partic-
ipate in the study. Exclusion criteria included any musculo-
skeletal, cardiovascular, or neurological disorder that could
inhibit them from exercising, resistance training in the pre-
vious 12 months, inability to undertake upper and lower
limb exercise or walk 400 m, and unwillingness to under-
take 20 weeks of resistance training uninterrupted. Before
participation, all subjects obtained medical clearance from
their physician and completed a health history question-
naire. Forty-eight individuals initially responded to the ad-
vertisements, with 32 invited to the familiarization sessions.
The University of Queensland medical research ethics com-
mittee approved the study, and all subjects provided written
informed consent.

Training Program

Participants were randomly assigned to undertake high-in-
tensity resistance training of one set (1-SET, n 5 16, 10 men
and 6 women) or three sets (3-SET, n 5 16, 10 men and 6
women) twice a week for 20 weeks. Several subjects had to
reschedule training sessions because of illness, travel, and
family commitments; make-up sessions were provided, and
all subjects completed the 40 exercise sessions within a 22-
week period. Subjects were instructed to maintain custom-
ary activity and dietary patterns during the course of the
study. Both training groups performed the chest press, seat-
ed row, triceps extension, biceps curl, leg press, leg curl, and
leg extension exercises on resistance-training machines
(Maximum Strength Fitness Equipment Pty Ltd, South
Australia, Australia) with intensity set at eight-repetition
maximum (8-RM, the maximal weight that can be lifted
eight times). Subjects were required to adjust the training
weight to ensure failure at 8-RM. All sessions were con-
ducted in small groups of up to six participants under direct
supervision to ensure proper technique, safety, and appro-
priate exercise intensity.

Muscle Function

Measures of muscle function assessed were isotonic, isoki-
netic, and isometric muscle strength and muscle endurance.

Dynamic Isotonic Muscle Strength

Before determination of dynamic isotonic muscle strength
at baseline, subjects underwent two familiarization sessions
that included instruction regarding correct lifting technique
and practice performing all seven exercises. Dynamic mus-
cle strength of major muscle groups was measured using the
1-RM, as described previously.3 The 1-RM is the maximal
weight an individual can move through a full range of mo-
tion without change in body position other than that dic-
tated by the specific exercise motion. Muscle strength was
assessed twice at baseline, separated by 5 days, with the
better of two strength measures used as the baseline value.
The coefficient of variation for repeated 1-RM measures
(n 5 14 participants) performed approximately 1 week
apart is 2.2% to 7.5%.

Isokinetic and Isometric Strength

Isokinetic peak knee extensor torque at 1201s� 1

(2.11 rads. s� 1) and isometric peak knee extensor torque
at an angle of 451 were assessed using a Cybex 6000 dy-
namometer (Cybex Division, Lumex, Inc., Ronkonkoma,
NY). Measures were made on the right side of the body with
the thigh and trunk secured to the dynamometer chair. Be-
fore testing, subjects performed several submaximal dy-
namic and isometric repetitions. For isokinetic torque,
subjects performed two sets of three repetitions, with a 2-
minute recovery between sets. For isometric torque, three
trials of 5-second maximal voluntary contractions were
performed, with 30 seconds between trials. The highest
values for isokinetic and isometric torque were used in
analyses. The coefficients of variation (n 5 8 participants,
performed approximately 1 week apart) for peak isokinetic
and isometric torque are 4.8% and 7.5%, respectively.
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Dynamic Isotonic Muscle Endurance

Muscle endurance was assessed using the maximal number
of repetitions performed at 70% 1-RM for the leg press and
chest press exercises. For the 20-week measurement, the
final 1-RM value was used to determine resistance. The
coefficients of variation (n 5 8 participants, performed ap-
proximately 1 week apart) for leg press and chest press
muscle endurance are 6.8% and 6.3%, respectively.

Physical Performance

A battery of tests was used to assess functional performance
at baseline and Week 20. Tests were performed in triplicate
(except for the 400-m walk), with recovery time between
trials. These tests were undertaken on a separate day from
the muscle function tests. The fastest time recorded was
used in the analyses, with the coefficient of variation based
on repeat measures performed approximately 1 week apart
for 10 participants.

Chair Rise to Standing

Subjects were seated in a hard-backed chair, with a seat
height of 43 cm from the floor, with their arms folded across
their chest. They were instructed to rise as fast as possible to
a full standing position then return to a full sitting position
five times.3 The coefficient of variation for repeated chair
rise is 5.6%.

6-M-Walk

Two measures of gait speed were undertaken: usual pace, in
which subjects were instructed to walk at a pace similar to
which they may use during common daily events, and a fast
pace.1 Time taken was determined using two timing gates
(HMS Technology Services, University of Queensland, Aus-
tralia). The coefficient of variation for the usual and fast 6-
m walk is 5.6% and 6.7%, respectively.

6-M-Backwards Walk

As a measure of dynamic balance, subjects walked back-
wards 6 m, placing one foot directly behind the heel of the
other with the shoes touching.3 The time taken was assessed
using timing gates. An investigator spotted subjects, and if
they deviated from the line (lost their balance), they were
instructed to move back to the line and continue the test,
which increased the time required. The coefficient of var-
iation for the 6-m backwards walk is 9.4%.

Floor Rise to Standing

Participants commenced the test in a supine position, with
their legs and feet together and their hands palm down at
their side, and rose to a full standing position as fast as
possible. The task was completed when the tester saw that
the subject had risen to his or her full height and had come
to a complete stop.27 The coefficient of variation for floor
rise to standing is 6.5%.

Stair Climb

Subjects climbed a flight of stairs (11 stairs per flight, 16-cm
rise per stair) as rapidly as they could safely manage without
use of the handrails.27 The coefficient of variation for stair
climbing time is 4.8%.

400-M-Walk

For the test of walking endurance, participants were re-
quired to walk 400 m, 10 laps out and back over a 20-m
course, as fast as they could at a pace they could maintain
over the distance.28 The coefficient of variation for the 400-
m walk test is 2.5%.

Body Composition

Bone mineral–free lean mass (LM), fat mass (FM), and
percentage fat were derived using dual energy x-ray ab-
sorptiometry (DXA, Hologic, Inc., Waltham, MA). Coef-
ficients of variation (duplicate scans with repositioning,
n 5 10) for body composition components are less than
1.0%. Long-term precision of the body composition meas-
ures was determined using periodic scanning (n 5 24) of a
whole-body phantom (Hologic, Inc.) during the course of
the study, with coefficients of variation less than 1.1%.

Statistical Analyses

Data were analyzed using the SPSS (SPSS Inc., Chicago, IL)
statistical software package. Normality of the distribution
for outcome measures was tested using the Kolmogorov-
Smirnov test. Analyses included standard descriptive sta-
tistics and chi-square, independent, and paired two-tailed
Student t tests. Analysis of covariance (ANCOVA) was used
for groups at 20 weeks adjusted for baseline values. Per-
centage change was calculated for each individual as

ðWeek 20� baselineÞ=baseline� 100:

An alpha level of 0.05 was required for significance. Results
are given as means � standard deviations.

RESULTS

Subjects

Subject characteristics are shown in Table 1. There was no
difference between groups at baseline for age, height,
weight, or body composition. On a 5-point self-rated health
scale from poor to excellent, all subjects reported fair to
very good health, with no difference between groups. Sim-
ilarly, there was no difference between groups for educa-
tional level, the number of prescribed medications taken, or
limitations in undertaking vigorous or moderate activities,
climbing stairs, walking, bending, or lifting and carrying
groceries, with three subjects in the single-set group and five
subjects in the multiset group reporting no limitations. Four
subjects from the 1-SET group withdrew from the study
because of illness, an injury sustained during part-time
work, aggravation of a preexisting hip injury, and because
their partner dropped out of the study, resulting in a final
study group of 28 men and women (1-SET 5 12; 3-
SET 5 16). There was no difference in age, height, weight,
body composition, muscle strength and endurance, or
physical performance between individuals who failed to
complete the study and those who completed the 20-week
intervention. After training, there was no difference be-
tween groups for LM (P 5.53), FM (P 5.43) or percentage
body fat (P 5.47). Body weight did not change with minor
increases in LM (1-SET, 0.5 kg; 3-SET, 0.7 kg) matched by
decreases in FM (1-SET, � 0.5 kg; 3-SET, �0.9 kg).
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Dynamic Muscle Strength

Baseline, 20-week, and absolute and percentage change in
strength values are reported in Table 2. There was no dif-
ference between groups in any of the seven exercises at base-
line. After the intervention, there was a significant increase in

strength for the 3-SET group (Po.001) and the 1-SET group
(Po.01) for all seven exercises, with the improvement in
strength greater (Po.05) in the 3-SET group for the seated
row, triceps extension, and leg extension exercises, with the
biceps curl approaching significance (P 5.051).

Table 1. Physical Characteristics of Subjects at Baseline and Week 20

Characteristic

Single-Set Group (n 5 12) Three-Set Group (n 5 16)

Baseline Week 20 Baseline Week 20

Age, mean � SD 68.9 � 4.8 69.7 � 4.4
Female/male 5/7 6/10
Height, cm, mean � SD 169.8 � 10.1 169.7 � 10.1 168.6 � 9.7 168.5 � 9.7
Weight, kg, mean � SD 74.3 � 13.6 74.3 � 14.5 75.2 � 12.0 75.1 � 10.9
Body mass index, kg/m2, mean � SD 25.7 � 4.0 25.8 � 4.6 26.4 � 3.6 26.4 � 3.4
Bone mineral–free lean mass, kg, mean � SD 48.0 � 10.1 48.5 � 10.3 47.9 � 9.0 48.6 � 8.8
Fat mass, kg, mean � SD 23.1 � 5.6 22.5 � 6.2 24.2 � 5.7 23.2 � 5.5
Percentage body fat, mean � SD 31.5 � 5.8 30.6 � 6.4 32.6 � 5.8 31.5 � 6.2
Self-rated health (range1–5), mean � SD 3.5 � 0.5 3.3 � 0.7
Postsecondary education, % 58.3 68.8
Number of limitations, mean � SD� 1.3 � 1.2 1.3 � 1.8
Number of medications, mean � SD 1.9 � 1.6 1.8 � 1.9

�Limitations in vigorous or moderate activities, climbing stairs, walking, bending or lifting, or carrying groceries.
SD 5 standard deviation.

Table 2. Isotonic, Isometric, and Isokinetic Muscle Strength Absolute Values and Percentage Change After 20 Weeks
Training

Exercise Group

Baseline Week 20
Mean Change

(Percentage Change)
P-value

Mean � Standard Deviation
Between
Group�

Within
Groupw

Dynamic (isotonic) strength
Chest press, kg 1-SET 41.4 � 17.5 47.0 � 21.0 5.7 � 6.3 (14.1 � 13.5) .14 .009

3-SETz 40.6 � 14.9 49.7 � 17.8 9.1 � 6.1 (24.4 � 17.6) o.001
Seated row, kg 1-SET 51.7 � 14.6 55.8 � 16.1 4.1 � 3.1 (7.7 � 6.0) .001 .001

3-SET 52.7 � 14.4 62.4 � 16.7 9.7 � 4.7 (19.1 � 8.6) o.001
Triceps extension, kg 1-SET 23.0 � 7.6 26.2 � 8.0 3.2 � 1.5 (15.2 � 9.4) .001 o.001

3-SETz 23.0 � 7.8 29.7 � 6.8 6.7 � 3.1 (34.5 � 21.0) o.001
Biceps curl, kg 1-SET 10.6 � 5.3 14.3 � 6.8 3.6 � 2.9 (39.9 � 34.9) .05 .001

3-SET 11.2 � 4.8 17.4 � 7.0 6.2 � 3.4 (60.0 � 30.4) o.001
Leg press, kg 1-SET 81.2 � 20.0 91.7 � 19.4 10.5 � 9.9 (14.2 � 12.2) .23 .004

3-SET 89.3 � 21.9 104.0 � 24.6 14.6 � 7.6 (17.0 � 9.4) o.001
Leg curl, kg 1-SET§ 32.9 � 10.0 43.2 � 14.6 10.3 � 6.1 (31.0 � 16.2) .55 .002

3-SETk 36.0 � 11.7 48.5 � 14.5 12.5 � 6.5 (36.8 � 19.5) o.001
Leg extension, kg 1-SET 51.5 � 23.3 61.0 � 26.1 9.4 � 8.0 (20.8 � 19.9) .02 .001

3-SET 52.9 � 19.1 70.3 � 20.0 17.4 � 8.3 (38.9 � 24.7) o.001
Isometric knee extensor peak 1-SET 131.2 � 42.1 139.8 � 54.5 8.7 � 29.0 (6.3 � 17.7) .10 .32

torque, Nm 3-SET 133.7 � 39.6 158.1 � 37.3 24.5 � 18.6 (20.9 � 16.0) o.001
Isokinetic knee extensor peak 1-SET 84.3 � 32.4 99.6 � 33.4 15.3 � 15.6 (23.7 � 32.1) .91 .006

torque, Nm 3-SET 90.1 � 30.3 103.9 � 25.1 13.8 � 11.2 (19.7 � 19.0) o.001

�Analysis of covariance; Week 20 adjusted for baseline value.
wPaired t test.
zN 5 15.
§ N 5 10.
kN 5 14.
1-SET 5single set; 3-SET 5 three set.
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Isokinetic and Isometric Strength

At baseline, there was no difference between groups for
maximal isokinetic and isometric knee extensor strength
(Table 2). After training, there was no difference (P 5.10)
between groups for isometric peak torque, although within-
group effects revealed an increase in strength for the 3-SET
group (Po.001) but not the 1-SET group (P 5.32). Simi-
larly, there was no difference (P 5.91) between groups at
Week 20 for isokinetic peak torque, with both groups im-
proving significantly (Po.01).

Muscle Endurance

There was no difference between groups for the number of
repetitions performed at 70% of 1-RM at baseline (Table
3). After training, there was a significant difference between
groups, with only the 3-SET group improving in chest press
(P 5.001) and leg press (P 5.003) endurance.

Physical Performance

There was no difference between groups for any physical
performance measure at baseline (Table 4). After the 20-

week training period, there was significant improvement
(Po.05) in the chair rise, 6-m backwards walk, 400-m
walk, and stair-climbing test for both groups. In addition,
the 3-SET group improved in usual 6-m walk time (P 5.04)
and the floor rise to standing test (P 5.02), although there
were no differences between the groups as determined using
ANCOVA for any performance measure except the 400-m
walk (P 5.03).

Analyses comparing sex differences in changes in body
composition, muscle strength and endurance, and physical
performance did not demonstrate any significant differenc-
es between men and women in either group (data not
shown).

DISCUSSION

This is the first study to compare single-set and multiset
resistance exercises on multiple components of muscle
function and physical performance in older adults. The re-
sults indicate that both training regimens were effective in
improving muscle function, with superior gains in muscle
strength and endurance with higher-volume work and
hence larger gains in reserve capacity. Improvements in

Table 3. Number of Repetitions Performed at 70% of One Repetition Maximum at Baseline and Week 20 for Chest Press
and Leg Press Exercises

Variable

Group Baseline Week 20 Percentage Change

P-value�Mean � Standard Deviation

Chest press 1-SET 12.9 � 3.1 14.0 � 4.6 10.4 � 34.6 .048
3-SETw 12.6 � 4.7 17.1 � 5.6 44.3 � 43.7

Leg press 1-SET 24.7 � 11.1 23.3 � 3.7 � 10.2 � 42.6 .008
3-SET 21.7 � 9.5 31.0 � 9.1 60.5 � 76.3

�Analysis of covariance; Week 20 adjusted for baseline value.
wN 5 15.
1-SET 5single set; 3-SET 5 three set.

Table 4. Functional Performance Measures at Baseline and After 20 Weeks Resistance Training

Variable (Seconds) Group

Baseline Week 20 Percentage Change P-value

Mean � Standard Deviation Between Group� Within Groupw

Chair rise 1-SET 13.1 � 2.4 11.7 � 2.1 � 10.1 � 10.2 .21 .01
3-SET 12.4 � 1.9 10.6 � 1.5 � 13.6 � 12.8 .001

6-m backwards walk 1-SET 25.8 � 11.7 21.1 � 7.2 � 14.3 � 14.4 .93 .02
3-SET 22.6 � 8.6 18.9 � 7.0 � 14.8 � 13.1 .001

6-m usual walk 1-SET 4.4 � 0.5 4.3 � 0.4 � 0.2 � 11.1 .12 .72
3-SET 4.4 � 0.6 4.1 � 0.4 � 5.3 � 11.3 .04

6-m fast walk 1-SET 3.4 � 0.4 3.2 � 0.3 � 5.1 � 9.1 .94 .08
3-SET 3.2 � 0.4 3.1 � 0.4 � 0.2 � 11.2 .73

400-m walk 1-SET 252.0 � 30.1 242.9 � 37.2 � 3.8 � 4.1 .03 .008
3-SET 231.6 � 36.2 213.3 � 26.1 � 7.4 � 5.4 .001

Stair climb 1-SET 5.3 � 1.3 4.8 � 1.1 � 7.7 � 10.6 .48 .04
3-SET 4.5 � 0.7 4.2 � 0.5 � 6.4 � 11.3 .04

Floor rise to standing 1-SET 4.4 � 1.4 4.3 � 1.8 � 3.4 � 13.3 .14 .75
3-SETz 4.0 � 1.1 3.6 � 0.8 � 8.4 � 9.0 .02

�Analysis of covariance; Week 20 adjusted for baseline value.
wPaired t test.
zN 5 15.
1-SET 5single set; 3-SET 5 three set.
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several measures of physical performance accompanied en-
hancement of muscle function or capacity, but both groups
improved in a similar fashion. These findings suggest that a
low-volume resistance-training regimen is sufficient to im-
prove muscle function and physical performance signifi-
cantly in older persons.

The greater strength gains accrued after multiset train-
ing in the present study are consistent with several recent
investigations undertaken with young and middle-aged
adults17–22 that demonstrated superior strength gains with
higher-volume work. Previously, studies have reported con-
tradictory findings of strength change with training dosage
in untrained16–18,21,22 and trained14,15,19,20,29 young and
middle-aged adults, although these discrepancies may be
related to variations in duration of the exercise interven-
tions. This would be especially the case in untrained sub-
jects who initially respond favorably to most resistance-
training protocols.4 Because the strength gains were greater
for the multiset group, this regimen may be useful for
enhancing physical reserve in the first few months of train-
ing followed by the single-set program as a maintenance
strategy.

The strength change for the 3-SET group is comparable
with that of previous studies1,3,30–32 undertaken in older
adults undergoing multiset high-intensity resistance train-
ing of a similar duration. Larger strength gains have been
observed in frail older adults,1,11 but this may reflect their
low initial values and possibly apprehension during baseline
testing. In contrast, subjects in the present study were well
functioning and underwent two familiarization sessions
and two baseline testing sessions before the exercise regi-
men. The strength change for the single-set group was sim-
ilar to that recently reported in adults aged 60 to 83
undergoing 1-SET exercise regimens thrice weekly.9

In addition to an improvement in dynamic and iso-
metric strength, muscle endurance also improved with ex-
ercise training in the multiset group. Although an important
neuromuscular parameter, muscle endurance has received
only scant attention in exercise studies compared with
muscle strength. With age, there appears to be little change
in muscle endurance when normalized for maximal volun-
tary force,33 which may be partially due to age-related
changes in muscle remodeling. One study9 reported in-
creased muscle endurance after a single set of high- or low-
intensity resistance training undertaken three times per
week in older adults, but the weight lifted at posttest was
the same weight used for the pretest, and because strength
had improved during the intervention, the participants were
performing the endurance test at a lower percentage of their
maximal strength. In the present study, subjects performed
the posttest endurance test at 70% of their final 1-RM value
and hence were able to perform more repetitions at the
same relative intensity. It is unclear why resistance to fa-
tigue would be enhanced at the same relative intensity with
the higher-volume training, although factors such as an in-
creased half-relaxation time, the time it takes for the peak
twitch to fall by 50%, as reported previously,34 may be
involved. In any event, because many daily activities such as
climbing stairs and walking require muscle endurance, an
increase in this muscle parameter may result in older adults
being able to accomplish daily tasks more easily and with
less fatigue.

A modest increase in LM accompanied the change in
muscle function. Previous resistance-training studies in old-
er adults that have assessed body composition using DXA
have also shown modest changes in LM and FM with no
significant change in total body weight.3,32,35,36 The alter-
ation in LM likely reflects an increase in the rate of muscle
protein synthesis, with the rate of synthesis after a training
bout being greater than that for protein breakdown.37 The
similarity between training groups in accrual of LM under-
lines the important role of nonhypertrophy-related factors
contributing to neuromuscular adaptation after resistance
exercise with potentially greater changes based on training
volume.

Improved physical performance in both training groups
accompanied the changes in muscle strength. Specifically,
chair rise and stair climbing ability, which rely on lower
extremity strength and balance; backwards walking, a
measure of dynamic balance; and the 400-m walk, a meas-
ure of walking endurance, improved. Previous studies using
resistance training have reported improvements in physical
performance, such as climbing stairs, rising from a chair,
and walking endurance, in well-functioning9,38,39 and frail
older people.1,11 It was hypothesized that similar improve-
ments in performance would occur for both groups based
on a threshold requirement of strength for functional per-
formance.40 It is possible that the participants, because they
were well functioning, were near their performance ceiling
for many of the tasks assessed, so that a modest gain in
strength derived from either training regimen was sufficient
for them to achieve their maximal performance. As a result,
muscle strength gains beyond that level may have little ef-
fect on performance, although further strength gains would
result in an enhanced reserve capacity that would place
them further above the threshold required for performance
of daily activities, thereby prolonging independence.41

These findings contribute to understanding of the dose–
response nature of resistance exercise and functional per-
formance in older adults. As such, the present study indi-
cates that even a training protocol that incorporates a single
set of eight repetitions undertaken twice weekly is sufficient
to improve functional performance significantly, which
would assist in the preservation of independence. In addi-
tion, because muscle weakness is a significant contributing
factor for falls,42,43 improvements in muscle strength with a
single-set exercise regimen may prove an effective strategy
in reducing falls and hence fracture risk. In a similar fash-
ion, it has previously been reported that the frequency of
resistance-training sessions has minimal effect on functional
outcome measures (chair rise time and backwards walk),
with similar responses after exercise undertaken once,
twice, or three times per week.3 Findings of benefits with
low-volume work may assist in preventing dropout and
enhancing participation in community-based programs.

Several limitations of the trial are worthy of comment.
Although subjects were randomized to the single- and mul-
tiset groups, the study did not include a control group. A
randomized, controlled trial would have been a stronger
experimental design, although influential studies in the ex-
ercise and aging area12 did not include a control group, and
a control group was previously incorporated in exercise
trials from 6 months to 1 year in duration, and no signif-
icant change was found in the control participants for mus-
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cle function, physical performance, or body composition.3,8

Regarding the outcome variables, there was no drift in body
composition measurements as determined using periodic
scanning of a whole-body phantom over the course of the
study. Although the muscle function and physical perform-
ance measures over the course of the study cannot be com-
mented on directly, the short-term precision was high, and
there is no reason to believe that there were significant drifts
in the equipment used. The goal of the study was to com-
pare two exercise regimens to determine whether one was
superior to the other. In addition, the groups consisted of
men and women, and given the small numbers involved, the
study lacked the power to determine whether significant sex
differences in the exercise response exist, although studies
have generally indicated a similar response to resistance
training in men and women.32,44 Last, the subjects were
well-functioning community-dwelling individuals and are
not representative of all older adults. As such, care should
be taken in extrapolating the findings to very old and frail
populations.

In summary, the present study indicates that multiset
training produces greater changes in strength and muscle
endurance than single sets in well-functioning older adults.
Nevertheless, low-volume training resulted in substantial
improvements in strength, albeit not to the same level as the
multiset regimen and should be incorporated when time
available for exercise is a limitation. Importantly, both
training regimens similarly improved several measures of
physical performance, indicating that even a single-set ex-
ercise routine undertaken twice weekly may assist in the
prevention of disability and thereby prolong independence
in this population. These findings have application to ex-
ercise prescription and the volume of exercise required for
neuromuscular benefits in older adults.
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