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ABSTRACT. Wolfe, B.L., L.M. LeMura, and P.J. Cole. Quantita-
tive analysis of single- vs. multiple-set programs in resistance
training. J. Strength Cond. Res. 18(1):35-47. 2004.—The purpose
of this study was to examine the existing research on single-set
vs. multiple-set resistance training programs. Using the meta-
analytic approach, we included studies that met the following
criteria in our analysis: (a) at least 6 subjects per group; (b)
subject groups consisting of single-set vs. multiple-set resistance
training programs; (c) pretest and posttest strength measures;
(d) training programs of 6 weeks or more; (e) apparently
“healthy” individuals free from orthopedic limitations; and (f)
published studies in English-language journals only. Sixteen
studies generated 103 effect sizes (ESs) based on a total of 621
subjects, ranging in age from 15-71 years. Across all designs,
intervention strategies, and categories, the pretest to posttest
ES in muscular strength was (x = 1.4 = 1.4; 95% confidence
interval, 0.41-3.8; p < 0.001). The results of 2 X 2 analysis of
variance revealed simple main effects for age, training status
(trained vs. untrained), and research design (p < 0.001). No sig-
nificant main effects were found for sex, program duration, and
set end point. Significant interactions were found for training
status and program duration (6-16 weeks vs. 17-40 weeks) and
number of sets performed (single vs. multiple). The data indi-
cated that trained individuals performing multiple sets gener-
ated significantly greater increases in strength (p < 0.001). For
programs with an extended duration, multiple sets were supe-
rior to single sets (p < 0.05). This quantitative review indicates
that single-set programs for an initial short training period in
untrained individuals result in similar strength gains as multi-
ple-set programs. However, as progression occurs and higher
gains are desired, multiple-set programs are more effective.
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INTRODUCTION

esistance training is an effective method for

developing musculoskeletal strength and is of-

ten prescribed for general fitness, athletic con-

ditioning, rehabilitation, and the prevention of

orthopedic or muscular injuries (2-5, 17). The
physiological adaptations that result from resistance
training include increases in musculoskeletal strength,
muscle mass, bone mass, and connective tissue thickness
(54, 55). As a part of a broader fitness program, resistance
training may reduce the risk of coronary heart disease,
non-insulin-dependent diabetes, certain types of cancer,
and obesity (by increasing resting metabolism) (20, 28,
38).

The beneficial effects of strength training depend on
the manipulation of several factors, including the inten-
sity, frequency, and volume of training. These factors are
the product of the number of sets and repetitions com-
pleted (18). Strength training guidelines have been de-
veloped for healthy adults (4). It is recommended that 8—

10 exercises should be performed 2-3 days per week as a
starting point and that resistance training programs
should be based on individual or specific goals. These rec-
ommendations are based on the practical feature of per-
sonal time prioritization.

Resistance training has become one of the most pop-
ular forms of exercise for developing musculoskeletal fit-
ness and overall health (18). Various individuals with
specific goals use resistance training as part of their con-
ditioning program. However, numerous questions have
emerged concerning the exercise prescription of various
resistance training programs that can produce functional
changes in strength.

In many studies, the use of multiple-set programs in
resistance training has been shown to produce superior
strength gains, power, hypertrophy, athletic performance,
and especially local muscular endurance in trained and
untrained individuals (6, 29—-31, 49) when compared with
single-set programs. Fleck and Kraemer (18) suggested
that after the neuromuscular system adapts to a strength
stimulus, an increase in training volume is needed for
additional adaptations to occur. Other frequently cited
studies authored by Kraemer and coworkers suggested
further that the use of multiple sets is most appropriate
for individuals who are trained (7, 30, 31, 48, 49). A clear
implication that emerges from this statement is that the
use of a single set may be appropriate for those who are
beginners or untrained during the initial training period.
Indeed, Starkey et al. (52) examined the effect of resis-
tance training volume on strength and muscle thickness
in untrained men and women. They found that a single
set of high-intensity resistance training was as effective
as 3 sets for increasing knee extension and flexion iso-
metric torque and muscle thickness in untrained adults.

Because there are conflicting data among research
studies, there are also conflicting opinions in published
reviews. A qualitative review by Carpinelli and Otto (10)
purported that most studies using multiple sets reported
no significant difference in strength increases when com-
pared with single-set programs. A more recent review by
Carpinelli (9) suggested further that the 1962 research
by Berger (6), which served as “the genesis of the unsub-
stantiated belief that multiple sets are required for opti-
mal gains in strength,” was replete with design and meth-
odological flaws. In contrast, a review authored by Stone
et al. (56) reported that a single set to failure did not
produce the same effects on strength, power, or high-in-
tensity endurance exercise when compared with multiple-
set training programs.

Given the controversy that exists regarding the num-
ber of sets necessary to produce functional changes in
strength, we conducted a quantitative review of the re-
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sistance training literature using the meta-analytic ap-
proach. In a meta-analysis, studies are converted to in-
dividual data points and are subjected to parametric sta-
tistical analyses. This allows researchers to make com-
parisons on a common research problem that would be
difficult or impossible to perform using conventional re-
search paradigms (33). A common methodological conflict
in many of the studies in the resistance training litera-
ture is related to research design. As an example, many
studies were designed to demonstrate program superior-
ity rather than to isolate set number (i.e., single vs. mul-
tiple sets). Thus, the purpose of this study was to examine
the existing research on resistance training programs and
to identify the factor or combination of factors that may
affect increases in muscular strength. An additional pur-
pose was to identify areas of potential strengths and
weaknesses in the literature and to provide directions for
future research on this topic.

METHODS
Data Sources

The search for literature was limited to human exercise
training studies published in 1962-2002 in which single-
vs. multiple-set programs were compared in trained and
untrained individuals. Studies were located via computer-
generated citation searches of the following databases:
Current Contents, Medline, Dissertation Abstracts Inter-
national, Psychological Abstracts, and Sport Discus. Ex-
tensive hand searching and cross-referencing were per-
formed from the bibliographies of previously retrieved
studies and from review articles. A sample of the descrip-
tive terms that were used to locate relevant studies in
English research journals included resistance training,
single sets, multiple sets, and single vs. multiple sets.
Most of the relevant articles came from journals that pub-
lish studies on resistance training (e.g., European Journal
of Applied Physiology, Medicine and Science in Sports and
Exercise, National Strength and Conditioning Association
Journal, Journal of Strength and Conditioning, etc.).

Study Selection

Studies were included if they met the following criteria:
(a) at least 6 subjects per group; (b) subject groups con-
sisting of single vs. multiple sets; (c) pretest and posttest
strength measures; (d) used resistance training as a mode
of training; (e) training programs of 6 weeks or longer; (f)
apparently “healthy” individuals (e.g., free from ortho-
pedic limitations); and (g) published studies in English-
language journals only.

Data Extraction

The studies in this review were coded according to the
following characteristics: (a) exercise program character-
istics (length, frequency, duration, mode, and number of
sets and repetitions performed); (b) study characteristics
(author([s], year, research design, number and type of
comparison groups [e.g., single vs. multiple sets], and
number of subjects); (c) subject characteristics (age, sex,
health status, and fitness status [e.g., trained or un-
trained]), and (d) primary outcomes (changes in function-
al strength.) To avoid interobserver bias, the authors of
this study independently extracted all data. The authors
then met and reviewed each item for accuracy and con-
sistency. Disagreements were resolved by consensus. Sev-

eral studies met our inclusion criteria but were missing
data vital to our analyses (i.e., means and SDs); therefore,
we contacted the authors to obtain raw data whenever
possible.

Statistical Analyses

The primary dependent variable (outcome) in this study
was changes in strength for resistance training exercises
in studies using single and multiple sets. Subgroup anal-
ysis was performed to examine between-group differenc-
es. The subgroups were partitioned according to (a)
whether the subjects trained until failure vs. general fa-
tigue; (b) program duration (6—16 vs. =17 weeks); (c) sex;
(d) age (15-25, 37-41, and 47-71 years); (d) the training
status of the subjects (trained vs. untrained); (e) the re-
search design (randomized controlled trial [RCT], con-
trolled trial [CT], and no control [NC]); and (f) the impact
factor (IF) of the journal in which the study was published
(0-2 vs. =2.1). Analyses of the dependent variables par-
titioned by subgroup were performed when the data for
each coded characteristic were available; therefore, most
studies generated numerous effect sizes (ESs).

The meta-analytic approach was popularized by Glass
(19) as a mode of quantitatively integrating findings from
various studies. Each study serves as a unit of analysis,
and the findings among studies are compared through the
calculation of a common metric, the ES. The ES is defined
as the difference between the means of the experimental
group (ME) and the means of the control group (MC), di-
vided by the control group SD (SC). The ES formula is
applied as follows:

_ ME - MC

ES S0

ES Computation and Analysis

The research findings from each study were transformed
into the common ES metric that was submitted for fur-
ther statistical analysis. The purpose of the ES analysis
was to allow us to draw conclusions regarding the efficacy
of single vs. multiple sets in the existing literature. In the
present study, the primary dependent variable of interest
used for analysis was muscular strength. For those stud-
ies whose research design included a control group, the
standard ES formula was applied. When a research de-
sign did not include a control group, the pretraining to
posttraining changes in functional strength were used to
determine the ESs for each study. The pretraining-depen-
dent variables were subtracted from the posttraining-de-
pendent variables to keep the algebraic sign of the ES
positive. Thus, a positive ES indicated an improvement
in strength following the training period. The differences
between the pretraining and posttraining measures for
the primary outcomes were divided by a pooled variance.
A pooled estimate of the variance provided a more precise
estimate of the population variance. The pooled variance
weighted for sample size was obtained by using the fol-
lowing formula:

nl + n2 — 2
for which Sp stands for the pooled SD, S? is the variance

Sp = \/slzm - 1) + S22 — 1)



for the control group or group 1, S% is the variance for the
experimental group or group 2, nl is the number of subjects
in group 1, and n2 is the number of subjects in group 2.

The variance for each ES and a correction for small
sample bias were calculated using the procedures devel-
oped by Efron and Tibshirani (16). The meta-analytic ap-
proach is based on the principle of normally distributed
data; however, since this is not always the case, we cor-
rected for bias by bootstrap resampling to generate 95%
confidence intervals (CIs) around the mean ES. The es-
timate generated from this approach is based on the sam-
ple itself rather than from a theoretical distribution. This
nonparametric method (which is not restricted by large
sample assumptions) of estimating the reliability of the
original sample estimate is calculated by randomly draw-
ing from the available sample, with replacement (24).
Each time an observation is selected for a new sample,
each element of the original sample has an equal chance
of being selected. If the CI included 0, we concluded that
there was no effect of the number of sets on strength. For
studies that generated more than 1 ES because of the
presence of more than 1 treatment group, the ESs were
treated as independent data points but were also com-
bined to determine the impact of ESs on overall results.
To obtain a measure of the variability of the data, we
examined the heterogeneity of the ESs by identifying the
outliers beyond the 10th and 90th percentiles. The au-
thors examined each study represented by an outlier fur-
ther. If a methodological flaw or physiologic reason exist-
ed to explain the variability, the study was precluded
from additional analysis. Differences of opinion were re-
solved through discussion and consensus. In addition, be-
cause there is a tendency for studies to be published that
generate statistically significant results, we also ad-
dressed the issue of publication bias. This was a pertinent
concern because the studies included in this review were
derived exclusively from research journals. We examined
publication bias with the Kendall rank correlation test
(ry). This consisted of correlating observed outcomes (i.e.,
ES changes muscular strength with sample size).

We used a random-effects model to pool the ES data
on changes in muscular strength if heterogeneity was
present. The ESs were then averaged across studies to
determine treatment effects and were further stratified
according to coded characteristics of interest. Analysis of
variance (ANOVA)-like procedures and ¢-tests for meta-
analysis were used to determine significant differences in
muscular strength. When a statistical difference was
found, a Tukey post hoc test was used to determine which
means were statistically different from each other. An «
level of p = 0.05 was established a priori to establish the
presence of significant differences. Data were analyzed
with Sigma Stat software (50).

REsULTS
Study Selection

A total of 39 studies were located and retrieved that ad-
dressed the issue of single vs. multiple sets in resistance
training programs. From this group of studies, 16 met our
criteria for inclusion. The 16 studies generated 103 ESs
based on a total of 621 subjects, ranging in age from 15—
71 years. Because most investigators reported pretest to
posttest strength changes for more than 1 resistance ex-
ercise, many studies generated numerous ESs. Reasons
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for the rejection of studies in this analysis included a lack
of or an inability to obtain pretest to posttest strength
data, the use of the same subject pool in more than 1
study, cross-sectional rather than longitudinal designs,
and short-term response study designs. The time to code
each study ranged from 30 minutes to 2.0 hours (x = 1.25
#+ 0.20 hours). An examination of the outliers beyond the
10th and 90th percentiles revealed 4 outliers (34, 37, 46,
48). These outliers remained in the analysis because nei-
ther physiological nor methodological reasons were found
to exclude them. Additionally, no publication bias was
found for ES changes in muscular strength (p = 0.73).
The average length of training was 6-25 weeks (x = 13.88
+ 72). A summary of the coded characteristics of exercise
prescription reported in the studies is found in Table 1.

Main Effects

Across all designs, intervention strategies, and catego-
ries, the ESs ranged from —0.31-10, and the mean pre-
test to posttest ES in muscular strength was (x = 1.4 *
0.1.4; 95% CI, 0.4— 3.8; p < 0.001). According to Cohen’s
categories to classify ESs (<0.41 = small; 0.41-0.70 =
moderate; >0.70 = large) (11), the degree to which resis-
tance training produced favorable changes in muscular
strength ranged from small to large, with a large, overall
effect. The main effects are summarized in Table 2.

Subject Characteristics

All of the subjects were identified as “healthy” because
they were free from orthopedic disabilities and comorbid-
ities that might affect their ability to respond to the re-
sistance training programs. A total of 12 studies included
male and female subjects who were subjected to statisti-
cal analysis for sex differences. A 2 X 2, 1 between-factor,
1 within-factor ANOVA was performed. The between fac-
tor was sex (male and female) and the within factor was
number of sets used for resistance training (single and
multiple). The analysis of simple main effects revealed
that there were neither sex differences nor an interaction
between sex and the number of sets performed. A signif-
icant difference was found for the different levels of age
groups (15-21, 37—41, and 46-71 years); the oldest age
group generated significantly higher mean ESs when
compared with their younger counterparts (p < 0.001).
However, there was no significant interaction for age and
the number of sets performed; rather, a higher mean ES
trend for multiple-set over single-set programs was evi-
dent. We also analyzed the effects of training status
(trained vs. untrained) and the number of sets performed.
Simple main effects analysis revealed that untrained sub-
jects obtained the highest mean increases in muscular
strength when compared with trained subjects. A signif-
icant interaction was found for trained subjects who per-
formed multiple sets (p < 0.001). These data are sum-
marized in Table 3.

Subgroup Analysis

We wanted to determine if the number of sets performed
was affected by the length of the resistance training pro-
gram. Programs that lasted 17-40 weeks did not generate
significantly higher mean ESs when compared with those
that lasted 6-15 weeks; however, the difference in the
mean values for set number was significantly different
when allowing for the effects of differences in program
duration (p < 0.005). Significant interactions were also
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TABLE 1. Coded characteristics of the studies: the exercise prescription.*

Fre- Program
quency duration Effect
Study Strength measures Until failure (d/wk) (wk) Modality size
Abe et al. (2000) (1) 1RM Yes 3 12 Weight machine ID
1 set X 8-12 reps (males)
bench press
leg extension
3 sets X 8-12 reps (males)
bench press
leg extension
1 set X 8-12 reps (females)
bench press
leg extension
3 sets X 8-12 reps (females)
bench press
leg extension
Berger (1962) (6) 1RM Yes 3 12 Bench press ID
1 set X 2 reps
1 set X 6 reps
1 set X 10 reps
2 sets X 2 reps
2 sets X 6 reps
2 sets X 10 reps
3 sets X 2 reps
3 sets X 6 reps
3 sets X 10 reps
Borst et al. (2001) (7)} 1RM Yes 3 25 Weight machine
1 set X 8-12 reps 14
3 sets X 8-12 reps 3.33
Coleman (1977) (12)1 1RM Yes 3 10 Universal machine
2 sets X 8-10 reps
bench press 0.42
bicep curl 0.87
lateral pulldown 1.63
leg press 0.98
Nautilus machine
1 set X 10-12 reps
bench press 0.42
bicep curl 0.81
lateral pulldown 1.54
leg press 0.96
Craig and Kang (1994) 1RM NI NI NI 1 X 75% of 1RM ID
(13) 1 X 90% of 1IRM
2 X 75% and 90% of 1RM
De Hoyos et al. (1998) 1RM To fatigue 3 25 1 set X 8-12 reps
(abstract) (14) bench press 0.55
row 0.83
bicep curl 0.70
leg extension 0.80
leg curl 0.79
3 sets X 8-12 reps
bench press 0.92
row 1.20
bicep curl 0.99
leg extension 0.94
leg curl 1.13
De Hoyos et al. (1997) 1RM Yes 3 10 1 set X 10-15 reps
(abstract) (15) bench press 0.20
leg press 0.5
3 sets X 10-15 reps
bench press 0.31
leg press 0.71
Gotshalk et al. (1997) (21) 1RM Yes NI NI 1 set X 10 reps ID
3 sets X 10 reps
Hass et al. (1998) (ab- 1RM Yes 3 13 1 set X 8-12 reps

stract) (22)

leg extension 0.43
leg curl 0.36
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TABLE 1. Continued

Fre- Program

quency duration Effect
Study Strength measures Until failure (d/wk) (wk) Modality size
bench press 0.21
shoulder press 0.19
bicep curl 0.17
3 sets X 8-12 reps
leg extension 0.42
leg curl 0.45
bench press 0.24
shoulder press 0.28
bicep curl 0.24
Hass et al. (2000) (23)F 1RM and isometric  To volitional fa- 3 13 Weight machine
gxtension and flex-  tigue 1 set X 8-12 reps (kg/LBM)
lon leg extension 0.75
leg curl 0.33
bench press 0.33
shoulder press 0.25
bicep curl 0.33
3 sets X 8-12 reps (kg/LBM)
leg extension 0.75
leg curl 1.00
bench press 0.31
shoulder press 0.50
bicep curl 0.33
Hurley et al. (1995) (25)f 3RM Near-maximum ef- 3 16 Pneumatic machine
fort for each rep- 1 set X 15 reps
etition bench press 1.66
lateral pulldown 1.73
shoulder press 2.60
upper back 2.88
2 sets X 15 reps
leg press 2.14
leg extension 2.09
Jacobson (1986) (26) 1RM and isometric ~ Yes 3 10 Nautilus machine ID
leg extension
1 set X 6 reps MR
1 set X 6 reps MR isometric
3 sets X 6 reps
3 sets X 6 reps isometric
Koffler et al. (1992) (28) 3RM and isokinetic =~ Near-maximum ef- 3 13 Pneumatic machine ID
torque fort for each rep- 1 set X 15 reps
etition UB (mean + SEM)
2 sets X 15 reps
LB (mean = SEM)
Kraemer (1997) experi- 1RM Yes 3 12 Nautilus machine
ment 2 (29)F 1 set X 8-12 reps
bench press 0.07
leg press 0.13
3 sets X 8-12 reps
bench press 0.19
leg press 0.76
Kraemer (1997) experi- 1RM Yes 3 14 Universal and marcy weight
ment 3 (29)1 machines
1 set X 8-10 reps
bench press
hang clean from knees 0.08
Free weights and universal 0.06
machine
2-5 sets X 1-10 reps
bench press 0.31
hang clean from knees 0.39
Kraemer (1997) experi- 1RM Yes 3 24 Weight machine and free weights  0.24

ment 4 (29)F 1 set X 8-12 reps
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TABLE 1. Continued

Fre- Program

quency duration Effect
Study Strength measures Until failure (d/wk) (wk) Modality size
leg press 0.59
4 2-5 sets X 3-15 reps
leg press
Kraemer et al. (2000) 1RM Yes 2-3 36 1 set X 8-10 reps
(30)t bench press 0.42
shoulder press 0.33
leg press 0.08
2—-4 sets X 4-15 reps
bench press 1.5
shoulder press 1.1
leg press 1.2
Kramer et al. (1997) (31)T 1RM squat 3 14 Free weights
Yes 1 set X 8-12 reps 0.62
No 3 sets X 10 reps 0.69
No 1-3 sets X 2-10 reps 0.59
Marx et al. (2001) (34)F 1RM Yes 3 24 1 set X 8-12 reps
4 bench press 1.69
leg press 1.37
2—4 sets X 3-15 reps
bench press 6.38
leg press 4.69
McGee et al. (1992) (35) Reps X mass 1 X 12 to failure, 3 7 squat ID
other groups not 1 set X 12 reps
to failure 3 sets X 3-10 reps
3 sets X 10 reps
Messier and Dill (1985) Cybex II isokinetic To fatigue 3 10 Nautilus machine
(36)7 dynamometer 1 set X 15-20 reps LB
knee extensors -0.31
knee flexion 1.07
1 set X 8-12 reps UB
elbow extensors 2.78
elbow flexors 0.42
Free weights
3 sets X 6 reps
knee extensors 1.94
knee flexion 0.92
elbow extensors 1.94
elbow flexors 0.86
Miller et al. (1994) (37)f 3RM Near-maximum ef- 3 16 Pneumatic machine
fOI.'t. for each rep- 1 set X 15 reps UB 10.81
etition 2 sets X 15 reps LB 5.22
Mulligan et al. (1996) (39) NI Yes NI NI Universal machine 1D
1 set X 10 reps
3 sets X 10 reps
Nicklas et al. (1995) (40) 3RM Near-maximum ef- 3 16 Pneumatic machine ID
fort for each rep- 1 set X 15 reps
etition bench press
shoulder press
lateral pulldown
upper back row
2 sets X 15 reps
leg press
leg extension
Ostrowski et al. (1997) 1RM Yes 4 10 Free weights
(4Dt 1 set X 9-12 reps
squat 0.35
bench press 0.32
2 sets X 9-12 reps
squat 0.35
bench press 0.48
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Fre- Program

quency duration Effect
Study Strength measures Until failure (d/wk) (wk) Modality size
4 sets X 9-12 reps
squat 0.68
bench press 0.17
Pollock et al. (1998) (ab- NI To fatigue 3 25 1 set X 8-12 reps ID
stract) (42) 3 sets X 8-12 reps
Reid et al. (1987) (43)F Isometric strength Yes 3 8 Weight machine
1 set X 15 reps
elbow flexion 1.01
elbow extension 2.51
knee flexion 0.27
knee extension 1.89
shoulder flexion 1.36
shoulder extension 0.47
1 sets X 3-10 reps
elbow flexion 0.86
elbow extension 0.71
knee flexion 0.76
knee extension 0.89
shoulder flexion 1.02
shoulder extension 0.59
3 sets X 6 reps
elbow flexion 0.59
elbow extension 0.87
knee flexion 1.31
knee extension 0.64
shoulder flexion 0.99
shoulder extension 0.93
2 sets X 15 reps
elbow flexion 0.57
elbow extension 0.75
knee flexion 0.88
knee extension 0.82
shoulder flexion 1.06
shoulder extension 1.45
Ryan et al. (1995) (45)7 Peak isometric Near-maximum ef- 3 16 Pneumatic machine
torque fort for each rep- 1 set X 15 reps RT
etition bicep curl 2.26
tricep extension 0.73
1 set X 15 reps RTWL
bicep curl 0.20
tricep extension 3.68
2 sets X 15 reps RT
leg extension (30°/s) 0.59
leg extension (180°%s) 0.95
2 sets X 15 reps RTWL
leg extension (30°/s) 1.48
leg extension (180°/s) 1.44
Ryan et al. (1994) (46)F 3RM Near-maximum ef- 3 16 Pneumatic machine
fort for each rep- 1 X 15 reps
etition bench press 1.55
lateral pulldown 1.63
shoulder press 2.40
upper back 2.88
2 X 15 reps
leg press 1.85
leg extension 2.09
Sanborn et al. (2000) (48)7 1RM Yes 3 8 1 set X 8-12 reps
squat 2.70
3-5 sets X 2-10 reps
squat 4.00
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TABLE 1. Continued

Study Strength measures

Until failure

Fre-

Program
quency duration

(d/wk)  (wk)

Modality

Effect
size

Schlumberger et al. (2001) 1RM
(49)7

Silvester et al. (1982) (51) Cable tension

Starkey et al. (1996) (52)7 Isometric strength
measures at vari-
ous angles

Starkey et al. (1994) (ab-
stract) (53)

Isometric torque at
various angles

Stowers et al. (1983) (57) 1RM

Terbizan and Bartles 1RM
(1985) (abstract) (58)

Teruth et al. (1994) (59)f 3RM

Vincent et al. (1998) (ab-
stract) (60)

1RM isometric peak
torque training
weights

Wescott (1986) (61) NI

Wescott et al. (1989) (62) Number of repeti-

tions

Wolfe et al. (2001) (ab- 1RM
stract) (63)

Yes

NI

To volitional fa-
tigue

To fatigue

To exhaustion

NI

Near-maximum ef-
fort for each rep-
etition

NI

NI

Yes

NI

2

NI

6

8

14

14

16

25

10

10

1 set X 6-9 reps
leg extension
bench press

3 sets X 6-9 reps
leg extension
bench press

@ 90°
1 set X 10-12 reps

bicep curl

3 sets X 6 reps
bicep curl

1 set to failure (NM)
bicep curl

3 sets X 6 reps (NM)
bicep curl
Isometric strength
1 set X 8-12 reps

knee extension
knee flexion

3 sets X 8-12 reps
knee extension
knee flexion

Isometric torque

1 set X 8-12 reps

knee extension
knee flexion

3 sets X 8-12 reps

knee extension
knee flexion
1-5 sets X 3-10 reps
1 set X 10 reps
3 sets X 10 reps
Universal machine
1 set X 6-9 reps
1 set X 10-15 reps
3 sets X 6-9 reps
3 sets X 10-15 reps
Preumatic machine
1 set X 15 reps UB
2 sets X 15 reps LB
1 set

knee extension

3 sets
knee extension
Weight machine
1 set X 10 reps
2 sets X 10 reps
Gravitron machine
1 set X 5, 10, 15 reps

3 sets X 5, 10, 15 reps

1 set X 6 reps
3 sets X 6 reps

0.4
0.3

1.00

ID

ID

ID

2.05
1.85

ID

ID

ID

*ID = insufficient data; LB = lower body; LBM = lean body mass; MR = manual resistance; NI = not indicated; NM = Nautilus
machine; rep = repetition; RM = repetition maximum; RT = resistance training; RTWL = resistance training with weight loss; UB

= upper body.
T Included in analysis.



TABLE 2. Effective values (mean *= SD) for the coded char-
acteristics of the studies.*

p
Main effects N Mean SEM Valuet
Sex differences NS
Male 1 set 37 1.11 0.08
Male multiple set 36 0.98 0.90
Female 1 set 8 1.11 0.28
Female multiple set 7 130 0.30
Age differences p <
0.001
15-25 years 1 set 14 0.61 0.36 bch
15-25 years multiple set 15 1.08 0.35 e
37-41 years 1 set 6 0.56 0.55 ag
37-41 years multiple set 6 1.03 0.55 df
47-65 years 1 set 14 2.57 0.36 abcde
47-65 years multiple set 10 193 0.43 fgh
Training status p <
0.001
Trained 1 set 16 0.29 0.31 abe
Trained multiple set 16 0.70 0.30 acd
Untrained 1 set 39 1.69 0.19 bc
Untrained multiple set 33 1.73 0.21 de
Program length NS
6-16 weeks 1 set 49 1.26 0.15 a
6-16 weeks multiple set 45 121 0.16 b
17-40 weeks 1 set 7 0.78 041 c
17-40 weeks multiple set 7 266 041 abc
Training method NS
Trained to failure 1 set 16 0.82 0.26
Trained to failure multiple set 16 1.36 0.25
Untrained not to failure 1 set 39 1.76 0.25

Untrained not to failure multiple set 33 1.44 0.27

Training status by set end point p <
0.01
Trained to failure 23 0.51 025 a
Trained not to failure 10 048 039 b
Untrained to failure 31 1.49 0.21
Untrained not to failure 43 1.86 0.18 ab
Journal impact factors NS
0-2 51 1.15 0.09
=2.1 53 0.93 0.1
Research design p<
0.001
RCT 22 041 080 a
Control 36 1.89 0.17 ab
NC 66 0.79 0.06 b

* N = number of studies; NC = no control; NS = no significant
difference; RCT = randomized controlled trial.

T Effect sizes with similar letters are significantly different
from one another (p < 0.05).

found for set number and program length. Specifically,
multiple-set programs produced superior increases in
strength in resistance training programs that lasted 17—
40 weeks when compared with those that used a single
set only (p < 0.002). An analysis related to “set end point”
was also conducted. Set end point referred to whether re-
searchers encouraged their subjects to perform resistance
exercises until muscular failure was achieved vs. allowing
the subject to determine his/her own end point. An anal-
ysis of simple main effects revealed no significant differ-
ence for set end point and the number of set performed
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(p < 0.052). When the data were partitioned by training
status, the highest mean ES was generated by untrained
individuals who did not train to failure.

It stands to reason that the most rigorously designed
and reviewed studies tend to be those that are submitted
to research journals with the highest IFs. A journal’s IF
represents the number of times the average recent article
in the journal has been cited in other recent articles. The
IF represents the average influence of a journal’s articles;
therefore, it provides a measure of the influence of the
journal and a good index of overall quality of its articles.
Since these studies are usually RCTs, we hypothesized
that these studies would yield lower overall treatment ef-
fects. To that end, we were interested to learn if the IF
of the journals included in our analyses affected the mag-
nitude of the muscular strength ESs. We partitioned IF's
into 2 groups (0-2 vs. =2.1). The results of an indepen-
dent #-test revealed that the mean ES for the 0-2 IF
group was higher (1.3 *= 0.56); however, it was not sig-
nificantly different from studies with higher IFs (0.94 =
0.67).

Finally, a subgroup analysis of the primary outcomes
partitioned by research design (RCTs, CTs, and NC) was
performed to determine the impact of design on compo-
nents of the exercise prescription. For this analysis, the
2 X 2, 1 between-factor, 1 within-factor ANOVA was per-
formed. The between factor was research design with 3
levels (RCTs, CTs, and NC), and the within factor was
the number of sets used for resistance training (single
and multiple). The differences in the mean values among
the different levels of research design were significant (p
< 0.001). The highest mean ES was found for the CTs;
however, there was no statistically significant interaction
between research design and the number of sets per-
formed. Subgroup analyses are summarized in Table 4.

DISCUSSION

The purpose of this quantitative review was to identify
the factors most responsible for the success of resistance
training programs using single vs. multiple sets. Previ-
ously published reviews by Carpinelli and Otto (10), Ber-
ger (9), and Feigenbaum and Pollock (17) indicated that
most investigators found comparable strength improve-
ments when untrained subjects used either single sets or
high-volume resistance exercise. Conversely, Kraemer
and colleagues (29-31) published several studies that
demonstrated the superiority of multiple sets of resis-
tance training exercise when compared with single-set
regimens. This difference was largely attributed to the
training status of the subjects; namely, the participants
tended to be collegiate football players, tennis players, or
recreational lifters with prior resistance training experi-
ence. However, since the reviews mentioned above were
qualitative, the authors could not quantify the multitude
of factors known to accompany strength improvements af-
ter resistance training in relation to training volume.
Although the women in this analysis generated slight-
ly higher ES values for strength, sex differences were not
significant, regardless of the number of sets performed.
This finding should be interpreted cautiously, since few
data are available that control for the effect of sex, and
most of the studies included in this review used male sub-
jects. The analysis for age of the subjects revealed signif-
icantly higher ESs for muscular strength for older indi-
viduals (47-71 years) when compared with their younger
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TABLE 3. Coded characteristics of the studies: subject characteristics.*

Age (y),
mean *+ SD
Study N or range Subject characteristics

Abe et al. (2000) (1) 50 (17 M, 20 F, 13 C) 25-50 Untrained, healthy
Berger (1962) (6) 177 M College age Healthy
Borst et al. (2001) (7) 31 37 =7 Healthy, untrained
Coleman (1977) (12) 60 M 20.8 1.4 Healthy
Craig and Kang (1994) (13) 4 M 243 £ 04 Healthy, trained
De Hoyos et al. (1998) (abstract) (14) 30 40.6 = 6 Healthy
De Hoyos et al. (1997) (abstract) (15) 20 158 £ 9 Adolescent tennis players, healthy
Gotshalk et al. (1997) (21) 8 M 254 + 4.14 Healthy, trained
Hass et al. (1998) (abstract) (22) 40 393+ 6 Healthy, untrained
Hass et al. (2000) (23) 42 39.7 + 6.2 Healthy, trained
Hurley et al. (1995) (25) 35 M 60 =5 Healthy, untrained
Jacobson (1986) (26) 45 M College age Healthy, trained
Koffler et al. (1992) (28) 7TM 60 = 2 Healthy, untrained
Kraemer (1997) (29) (experiment 2) 40 M 20 + 2.3 Healthy, trained
Kraemer (1997) (29) (experiment 3) 34 M 20 = 4.3 Healthy, trained
Kraemer (1997) (29) (experiment 4) 44 M 199 = 4.3 Healthy, trained
Kraemer et al. (2000) (30) 24 F 17-21 Healthy women, trained
Kramer et al. (1997) (31) 43 M 20.3-1.9 Healthy, trained
Marx et al. (2001) (34) 34 F 16-27 Healthy, untrained
McGee et al. (1992) (35) 27 M 17-26 Healthy
Messier and Dill (1985) (36) 36 M College age Healthy
Miller et al. (1994) (37) 11 M 50-63 Healthy, untrained
Mulligan et al. (1996) (39) 10F 24.1 + 4.3 Healthy, trained
Nicklas et al. (1995) (40) 13M,9C 60 + 4 Healthy, untrained
Ostrowski et al. (1997) (41) 27 M 18-29 Healthy, trained
Pollock et al. (1998) (abstract) (42) 30 40.6 = 6 Healthy
Reid et al. (1987) (43) 45 M 18-35 Healthy
Ryan et al. (1995) (45) 15 F 50-69 Postmenopausal obese women, un-

trained
Ryan et al. (1994) (46) 37 (21 M, 16 C) 51-71 Healthy, untrained
Sanborn et al. (2000) (48) 17 F 18-20 Healthy, untrained
Schlumberger et al. (2001) (49) 27 F 20-40 Healthy, trained
Silvester et al. (1982) (51) 48 M College age Healthy
Starkey et al. (1996) (52) 48 (21 M, 27 F) 18-50 Healthy, untrained
Starkey et al. (1994) (abstract) (53) 28 (10 C) ANS Healthy
Stowers et al. (1983) (57) 84 M College age Healthy, untrained
Terbizan and Bartles (1985) (abstract) 101 F 18-35 Healthy, untrained

(58)

Teruth et al. (1994) (59) 13M,9C 60 = 4 Healthy, untrained
Vincent et al. (1998) (abstract) (60) 42 33-46 Healthy
Wescott (1986) (61) 44 ANS Healthy, untrained
Wescott et al. (1989) (62) 77 (54 M, 23 F) ANS NI
Wolfe et al. (2001) (abstract) (63) 16 (3 M, 13 F) 18-25 Healthy, untrained

* ANS = age not specified; C = control; F = female; M = male; N = number of subjects; NI = not indicated.

counterparts (15-25 and 37-41 years) (p < 0.001). The
difference in the mean values among the different levels
of sets performed was not statistically significant after
allowing for the effects of age differences. Older subjects
who performed multiple sets obtained comparable
strength gains to those who performed 1 set only
(XES = 1.9 vs. XES = 2.5). We attribute the significant
strength difference in the older age group to low baseline
strength values. This explanation is also plausible for the
analysis of untrained vs. trained individual vs. the num-
ber of sets performed. The untrained individuals gener-
ated the greatest strength improvements; again, this was
most likely a result of low initial indices of strength. Fur-
thermore, in untrained individuals, strength increases
are the results of a combination of neural adaptations and
muscular hypertrophy (47).

We anticipated that trained subjects would enjoy the
greatest strength improvements when they performed

multiple sets, since these factors are widely promulgated
as an explanation for differences in strength outcomes in
the scientific literature. The data supported the idea that
during an initial short training period, single-set pro-
grams result in similar gains to multiple-set programs.
Intuitively, this finding is logical, since every study in-
cluded in our analysis that used trained subjects (with
the exception of one [22]) reported multiple-set superior-
ity. Interestingly, the 1962 Berger (6, 9) study (that was
recently cited as the basis for the support of multiple-
over single-set programs) did not meet our criteria for
inclusion in the analysis. The Berger study was uncon-
trolled; therefore, the number of subjects from each train-
ing group who completed the study was necessary to com-
pute the ESs, since the pooled variance formula is weight-
ed for sample size. These data were not present in the
article.

With regard to untrained subjects, the finding that
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TABLE 4. Coded characteristics of the studies: research design, significance of the studies, and journal impact factors.*

Significance between Journal quality

Study Study design single and multiple sets impact factor

Abe et al. (2000) (1) RCT NI 0.983
Berger (1962) (6) NI SD 1.125
Borst et al. (2001) (7) CT SD 2.110
Coleman (1977) (12) NI NS 0.592
Craig and Kang (1994) (13) NI NI 0.009
De Hoyos et al. (1998) (14) (abstract) NI NS 2.110
De Hoyos et al. (1997) (15) (abstract) NI NS 2.110
Gotshalk et al. (1997) (21) RAN NI 1.333
Hass et al. (1998) (22) RAN NS 2.110
Hass et al. (2000) (23) RCT NS 2.110
Hurley et al. (1995) (25) CT NI 1.025
Jacobson (1986) (26) RCT NS NI

Koffler et al. (1992) (28) NI NI 2.110
Kraemer (1997) (29) (experiment 2) RAN SD 0.009
Kraemer (1997) (29) (experiment 3) RAN SD 0.009
Kraemer (1997) (29) (experiment 4) RAN SD 0.009
Kraemer et al. (2000) (30) RCT SD 2.110
Kramer et al. (1997) (31) NI SD 0.009
Marx et al. (2001) (34) RCT SD 2.110
McGee et al. (1992) (35) NI SD NI

Messier and Dill (1985) (36) CT NS 1.125
Miller et al. (1994) (37) NI NI 2.275
Mulligan et al. (1996) (39) RAN NI 0.009
Nicklas et al. (1995) (40) CT NI 1.025
Ostrowski et al. (1997) (41) RCT NS NI

Pollock et al. (1994) (abstract) (42) NI NI 2.110
Reid et al. (1987) (43) RAN NI 0.943
Ryan et al. (1995) (45) NI NI 2.275
Ryan et al. (1994) (46) CT NI 2.275
Sanborn et al. (2000) (48) RAN SD 0.009
Schlumberger et al. (2001) (49) RCT SD 0.009
Silvester et al. (1982) (51) RAN NS NI

Starkey et al. (1996) (52) RCT NS 2.110
Starkey et al. (1994) (53) (abstract) CT NS 2.110
Stowers et al. (1983) (57) RAN SD NI

Terbizan and Bartles (1985) (58) (abstract) RCT NS 2.110
Teruth et al. (1994) (59) CT NI 2.275
Vincent et al. (1998) (60) (abstract) RAN NI 2.110
Wescott (1986) (61) NI NS NI

Wescott et al. (1989) (62) NI NS NI

Wolfe et al. (2001) (63) (abstract) RCT NS 2.110

*C = control; NI = not indicated; NS = no significant difference; RAN = randomized; RCT = randomized control trial; SD =

significant difference.

multiple sets did not impart any significant advantage is
interpreted as positive, primarily for reasons of subject
safety and time prioritization. These data offer support
for untrained individuals who wish to incorporate low-
volume, short resistance training during the initial period
of training.

Subgroup analyses showed that higher strength out-
comes were obtained when subjects trained for 17—40
weeks vs. 6-16 weeks and that the greatest strength in-
creases were observed when long programs were com-
bined with a multiple-set approach. This increase in
strength could be attributed to the opportunity for in-
creased neural adaptations related to progressive increas-
es in training intensity during a longer period. Kraemer
et al (30) suggested that short-term increases in strength
might be attained with either single- or multiple-set pro-
grams during the early neural stages of training. How-
ever, they also indicated that periodized, long, multiple-
set programs resulted in superior performances in sport-
specific athletes, such as tennis players. In the present

study, the results of the multiple comparison procedures
support the contention that extended strength programs
produce the greatest strength increases when multiple
sets are performed.

We also found that differences in training status were
not statistically significant after allowing for the effects
of differences in set end point (training to failure vs. vo-
litional fatigue), but a positive mean trend was observed
for untrained individuals who did not train to failure
(xES = 1.8). Specifically, untrained individuals who
stopped performing repetitions on their own volition gen-
erated the highest strength increases when compared
with those who were untrained but completed repetitions
until muscular failure and with those who were trained
and also stopped repetitions on their own volition. It
seems reasonable to speculate that encouragement until
muscular failure would be inappropriate for novice or pre-
viously sedentary individuals because of the propensity
for increased muscular soreness, which could, in turn, af-
fect exercise adherence. Furthermore, the completion of
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repetitions to volitional fatigue would permit individuals
to recover faster before the next exercise or set, thereby
allowing for a better performance. There was no differ-
ence between trained individuals who exercised until fail-
ure (YES = 51) and those who exercised until volitional
fatigue (YES = 0.49). The potential fine line that exists
between volitional fatigue and muscular failure in indi-
viduals who are already trained may explain this finding.
Trained individuals may already be so highly motivated
that they have the ability to exercise until volitional fa-
tigue and muscular failure at the same time.

Our final analyses were of journal quality as mea-
sured by the IF and research design. We were interested
to know if journals with high IFs had differences in
strength outcomes when compared with low-IF journals.
We speculated that journals with high IFs were probably
well controlled and reviewed rigorously and might, there-
fore, have the lowest overall treatment effects. However,
we found that the mean ES changes in strength outcomes
were not significantly different as a function of journal
IF. We also considered the role of research design on re-
ported strength outcomes. We hypothesized that ESs
would differ significantly between studies without control
groups when compared with CTs and RCTs. Unexpect-
edly, the highest ESs were found for the CTs and RCTs,
respectively. We expected the studies without controls to
generate the highest treatment effects, since they did not
control for variation or potential sources of bias. In light
of the small number of RCTs in this analysis, additional
research using this research design with trained subjects
is warranted.

PRACTICAL APPLICATIONS

The results of this quantitative review should offer ad-
ditional perspective on the debate regarding the role of
single- vs. multiple-set training programs with trained
and untrained individuals, respectively. These data sup-
port the use of multiple-set programs for trained individ-
uals and single-set programs for untrained individuals
during the initial short training period. This finding pre-
sents a significant advantage in terms of time economy
and reduced participation attrition rates (44) for un-
trained subjects. A reasonable research line of inquiry for
future study is a mechanistic explanation of the function-
al changes in skeletal muscle during various resistance
training programs.
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