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ABSTRACT

A traditional progressive resistance exercise program con-
sists of increasing the number of repetitions at a constant
load until exceeding an established repetition range. Subse-
quently, the load is increased by 1.1 kg (2.5 lb) or more, and
the lifter works at the new load until again exceeding the
repetition range. This investigation examines the use of small
incremental loads for 2 upper-body exercises (bench press
and triceps press). Subjects were randomly assigned to tra-
ditional (TRAD) progressive resistance exercise (5 women, 5
men) and small increment (SI) progressive resistance exer-
cise (5 women, 4 men) groups. Initially, both groups trained
for 8 weeks using TRAD progressive resistance exercise.
Subjects who achieved 7 repetitions on the final set of an
exercise increased the load for the next session by 2.2 (bench
press) or 1.1 kg (triceps press). Following the initial 8-week
training period, the TRAD group continued for another 8
weeks following the same protocol, whereas the SI group
trained for an additional 8 weeks, increasing the load by 0.22
kg (0.5 lb) when completing 7 or 8 repetitions and 0.44 kg
(1 lb) when achieving 9 or more repetitions. All groups, ex-
cept TRAD women, made significant increases in 1 repeti-
tion maximum (1RM) for the bench press. Both TRAD men
and SI men significantly increased 1RM triceps press.
Groups that did not significantly increase 1RM, in either the
bench press or triceps press, demonstrated similar trends.
For TRAD men and SI men, the number of repetitions to
failure for the bench press at 60% 1RM decreased after train-
ing. Both regimens proved effective for increasing strength
throughout 8 weeks. In conclusion, SI progressive resistance
exercise appears to be as effective as TRAD progressive re-
sistance exercise for increasing strength during 8 weeks in
short-term pretrained college-aged men and women. How-
ever, preliminary data suggest that the TRAD progressive
resistance exercise program might be a more effective meth-
od of increasing resistance during an extended period.
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Introduction

Progressive resistance exercise has proven effective
for rehabilitation, training athletes, and general fit-

ness. Based on the long-term overloading of skeletal
muscle, traditional (TRAD) progressive resistance ex-
ercise requires adding repetitions at a constant load
until achieving a target number of repetitions and pro-
gressively increasing the resistance. As the target num-
ber of repetitions is again reached, the load is again
increased. Long-term overload assumes that skeletal
muscle maintains a reserve strength margin above the
level of strength required for normal activity. Working
within this strength margin will elicit neural, meta-
bolic, and muscular adaptations to raise the reserve
strength margin that, in turn, can be overloaded again
(6, 7).

The size of this reserve strength margin is un-
known, and increasing resistance is limited by the in-
crements available to the lifter, typically 1.1 or 2.2 kg.
If this strength margin is very small, these increments
may affect how rapidly strength can be improved at
lighter loads. For instance, increasing a 90.7-kg (200-
lb) bench press by 2.2 kg represents a 2.5% increase in
resistance, whereas increasing a 45.3-kg (100-lb) bench
press by the same 2.2 kg would be a 5% increase. For
exercises that use even lighter loads (e.g., dumbbells),
an increase of 2.2 kg represents a rather large percent
change in resistance. These considerations become im-
portant in situations where less resistance is used,
such as during exercises that require a smaller muscle
mass, people new to resistance training, and rehabili-
tation.

Early research has examined the optimal number
of repetitions (4, 13), interaction of sets and repetitions
(3, 5, 19), and optimal loading (2) for a progressive
resistance training program. To our knowledge, there
have been no studies that have investigated the opti-
mal incremental increase for progressive resistance ex-
ercise. Therefore, the purpose of the present study was
to examine the use of 0.22-kg magnets for use during
the bench press and triceps press exercises and to
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Table 1. Anthropometric data.*

TRAD men

Pretraining Posttraining

SI men

Pretraining Posttraining

TRAD women

Pretraining Posttraining

SI women

Pretraining Posttraining

Mass (kg)
Body fat (%)
Lean body

mass (kg)

68.7 6 10.4
14.1 6 5.3

58.7 6 6.8

69.7 6 11.5
11.4 6 5.6

61.2 6 6.3

79.0 6 7.9
17.6 6 4.2

65.0 6 5.6

79.5 6 8.6
14.6 6 4.2

67.8 6 6.2

59.8 6 6.7
25.7 6 3.3

44.3 6 4.8

59.8 6 6.6
24.3 6 3.8

45.1 6 3.7

58.0 6 4.0
24.5 6 2.2

45.8 6 5.9

58.9 6 3.4
24.3 6 1.3

44.5 6 2.4

* Values are mean 6 SD. TRAD 5 traditional, SI 5 small increment.

Table 2. Muscle strength and relative muscular endurance data.†

TRAD men

Phase I
pretraining

Phase I
posttraining

Phase II
posttraining

SI men

Phase I
pretraining

Phase I
posttraining

Phase II
posttraining

Bench press 1RM
Triceps press 1RM
Bench press RF
Triceps press RF

83.9 6 14.1
30.8 6 6.1
19.8 6 2.9
19.8 6 4.1

88.0 6 13.1
46.0 6 6.8*
20.8 6 2.7
25.0 6 3.7*

100.6 6 14.9**
57.6 6 11.1**
14.6 6 2.9**
15.0 6 5.4

78.8 6 12.2
27.8 6 5.7
19.0 6 2.3
18.0 6 2.2

83.9 6 19.7*
42.8 6 7.8*
19.0 6 3.8
20.0 6 5.0

102.0 6 12.7**
59.6 6 8.8**
14.0 6 2.2**
17.8 6 10.1

† TRAD 5 traditional; SI 5 small increment; 1RM 5 1 repetition maximum; RF 5 repetitions to failure at 60% 1RM. All
loads in kilograms. Phase I posttraining values were used as phase II pretraining values.

* Significantly different from phase I pretraining values (p , 0.05).
** Significantly different from phase I posttraining values (p , 0.05).

quantify changes in strength and relative muscular en-
durance in college-aged women and men.

Methods
Ten college-aged women (age, 20.9 6 1.1 years; height,
163.6 6 7.6 cm; weight, 58.9 6 5.3 kg) and 9 college-
aged men (age, 20.8 6 1.2 years; height, 173.0 6 7.3
cm; weight, 73.3 6 10.4 kg) completed the study and
provided written informed consent. Subjects had not
been performing resistance training at least 6 months
before beginning the study. Approval was obtained
from the Ohio University Institutional Review Board,
and subjects were screened for normal neuromuscular
function by a physician before beginning the study.

Subjects were randomly assigned to TRAD progres-
sive resistance exercise (5 women, 5 men) and small
increment (SI) progressive resistance exercise (5 women,
4 men) groups. To assist in discerning potential differ-
ences between the 2 training programs, both groups
trained for 8 weeks using TRAD progressive resistance
exercise. Training sessions were preceded by a brief
warm-up period that consisted of light aerobic activity.
The first 4 weeks consisted of 2 training sessions per
week, 3 sets to failure of each exercise (bench press and
triceps press). For the last 4 weeks, the subjects trained
3 times per week. Subjects achieving 7 or more repeti-
tions on the final set of an exercise increased the load
for that exercise at the next session by 2.2 kg (1.1 kg per

side; bench press) or 1.1 kg (triceps press). Because of
academic constraints, this initial 8 weeks of training
(phase I) was followed by a 10-day break before con-
tinuing to the next phase (phase II). The posttraining
values for phase I served as the pretraining values for
phase II. Previous studies in our laboratory have dem-
onstrated minimal loss of cross-sectional area after 30–
32 weeks of detraining (17). Therefore, we felt a detrain-
ing stimulus of 10 days would not significantly impair
the training status of the subjects after phase I. During
phase II, the TRAD group continued for another 8
weeks following the same protocol, whereas the SI
group increased the load by 0.22 kg when finishing an
exercise with 7 or 8 repetitions and 0.44 kg when
achieving 9 or more repetitions.

Subjects were tested for 1 repetition maximum
(1RM) and the number of repetitions to failure at 60%
of 1RM (60% 1RM) at the beginning and after each
phase of the training. Exercises were supervised for
safety and program compliance. Subjects were given
approximately 3 minutes to rest between sets. Results
for men and women were considered separately, and
statistical treatment of data was conducted using
paired samples t-tests with significance set at p # 0.05.

Results
Anthropometric Data
Table 1 presents the mean values (6SD) for body mass,
body composition, and lean body mass. No significant
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Table 3. Mean number of times resistance increased dur-
ing phase II.†

TRAD
men

SI
men

TRAD
women

SI
women

Bench press
Triceps press

2.8
8.8

12.3*
15.3

3.0
8.8

12.0*
13.0

† TRAD 5 traditional; SI 5 small increment.
* Significantly different from TRAD group (p , 0.05).

Table 2. Extended.

TRAD women

Phase I
pretraining

Phase I
posttraining

Phase II
posttraining

SI women

Phase I
pretraining

Phase I
posttraining

Phase II
posttraining

35.8 6 6.5
12.9 6 4.4
18.2 6 3.5
18.6 6 6.0

43.5 6 5.9*
25.6 6 6.0
20.8 6 1.9
23.2 6 5.4*

58.5 6 10.9
37.6 6 6.9
15.0 6 4.8
22.0 6 5.5

37.6 6 9.4
12.2 6 2.8
19.0 6 6.0
21.4 6 3.8

44.9 6 7.8*
23.1 6 3.4*
22.0 6 3.9
20.2 6 2.8

54.0 6 6.9**
36.7 6 7.7
18.0 6 4.7
21.2 6 4.1

differences were found between groups or after train-
ing.

Strength Data
During phase I training, all groups except TRAD
women made significant gains in 1RM for triceps
press exercise. The bench press exercise increased sig-
nificantly for all groups except TRAD men. Both male
and female TRAD groups increased repetitions to fail-
ure at 60% 1RM for the triceps press exercise (Table 2).

During phase II training, all groups except TRAD
women made significant increases in 1RM for the
bench press. Both TRAD men and SI men significantly
increased 1RM triceps press. Both TRAD men and SI
men decreased the number of repetitions to failure for
the bench press at 60% 1RM. There were similar trends
in 1RM seen in all groups for both exercises.

During phase II, the SI groups increased resistance
used at subsequent workouts approximately 4 times as
often as the TRAD groups for the bench press exercise
(p , 0.05) and nearly twice as often for the triceps
press exercise (Table 3).

Discussion
There are discrepancies in the literature regarding the
most appropriate methods for strength training. These
differences, in part, may result from different program
goals. There is support for exercise programs consist-
ing of one set of 8–12 repetitions of an exercise to de-
velop and maintain general fitness (1, 15). Although
this format may be appropriate for maintaining gen-
eral fitness, it may not be optimal for increasing
strength. Berger (3) reported 3 sets of 10 repetitions
optimal for improving strength, whereas Anderson
and Kearney (2) reported 3 sets of 6–8 repetitions to
be superior to greater numbers of repetitions for im-
proving strength. Our training protocol in this study
was within this range, performing 3 sets to failure and
increasing the load if the final set was completed with
7 or more repetitions. Under this protocol, increasing
resistance with SIs and TRAD increments proved ef-

fective throughout 8 weeks for increasing strength in
college-aged men and women.

A TRAD progressive resistance exercise program
requires adding repetitions as the major goal, and the
resistance is increased only when the lifter achieves the
target number of repetitions. The smallest increment
normally available for resistance exercise is 1.1 kg (2.5
lb) or 2.2 kg (5.0 lb). The SI progressive resistance ex-
ercise protocol followed by the SI group in this study
is a variation of TRAD strength training designed to
add resistance while maintaining repetitions at a near-
ly constant level by using increments of 0.22 or 0.44
kg. Since both groups made significant strength gains,
it is difficult to determine if one form of progressive
resistance exercise was more effective than the other.
Although the SI weights proved effective throughout
8 weeks, it is possible that our study did not extend
over enough time to show long-term differences. Plot-
ting the average resistance used within each group
and exercise over time (Figure 1) suggests that TRAD
progressive resistance exercise might be a more effec-
tive method of increasing resistance during extended
training periods. This potential long-term difference
could be related to a greater stimulus placed on the
muscle by increasing resistance in larger increments
even though the number of repetitions decreases. Prior
studies have manipulated exercise intensity by varying
the number of sets, repetitions, and the length of rest
between sets (8–11, 14). These studies have reported
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Figure 1. Average resistance (kg) for each workout during phase II. MT 5 traditional progressive resistance exercise
program for men; MS 5 small increment progressive resistance exercise for men; WT 5 traditional progressive resistance
exercise program for women; WS 5 small increment progressive resistance exercise for women.

higher exercise volume and intensity as important as-
pects for both muscular and hormonal responses to
resistance exercise. Although our study did not ad-
dress these issues directly, it is possible that increasing

resistance by 0.22 or 0.44 kg may not be enough stim-
ulus to induce optimal muscle changes.

Small increment resistance is likely to be effective
at lighter loads, where it would represent a more man-
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ageable increase in resistance compared with increases
of 1.1 or 2.2 kg. For this reason, we chose to examine
exercises involving the upper body. Both bench press
and triceps press involve less muscle mass compared
with most lower-extremity exercises. As such, minimal
increases of 2.2 kg (in the bench press) and 1.1 kg (in
the triceps press) usually cause significant decreases
in the number of repetitions.

Strength gains in response to resistance training
are a combination of neurological and muscular ad-
aptations. Initial, rapid improvements in strength ap-
pear to result primarily from neurological adaptation,
whereas subsequent gains are primarily the result of
muscular adaptations (12). Therefore, to discern poten-
tial differences in muscle adaptation between the 2
programs in the present study, it was necessary to pre-
train both groups. Previous studies in our laboratory
have shown 8 weeks of resistance training to be suf-
ficient to induce fiber type transitions and increases in
cross-sectional area (16–18).

An interesting variation would have been to de-
train the subjects and subsequently have them retrain
using the opposite protocol. However, we chose not to
cross over the groups to the opposite protocol because
of a number of potential confounding factors. The
magnitude and frequency of strength gains become
smaller as the training program continues. Therefore,
changing protocols at the end of phase II and training
for another 8 weeks would have been an unfair com-
parison. To perform an accurate crossover study, sub-
jects would have to detrain to the initial fitness level.
The amount of time required to detrain the subjects
and repeat the study would have proven excessive in
an academic setting.

A limitation of the study was the number of sub-
jects available for analysis. Four men and 2 women did
not complete phase I of the study. The calculated pow-
er to identify significant changes in the subjects who
completed the study was approximately 75% for 1RM
and 40% for repetitions to failure. Although we are
confident of the conclusions regarding the strength
data, the repetitions to failure data are difficult to gen-
eralize.

Previous studies from our laboratory have shown
individual responses in repetitions to failure after
strength training varies (Staron 1996). This assessment
of local muscular endurance could vary in individuals
according to fiber type profile, muscle glycogen stores,
and capillarity, which was beyond the scope of this
study.

In conclusion, SI progressive resistance exercise ap-
pears to be as effective as TRAD progressive resistance
exercise for increasing strength after 8 weeks in pre-
trained college-aged men and women. However, it is
not known if SI progressive resistance exercise is as
effective as TRAD progressive resistance exercise for

long-term training. More work needs to be done to
confirm this.

Practical Applications

Progressive resistance exercise that uses small incre-
ments of resistance can be an effective adjunct to a
resistance training program. Increasing the load by
smaller increments more often may improve the level
of satisfaction in novice lifters and increase the likeli-
hood of continuing a program by providing the pos-
itive feedback of increasing resistance at a rapid rate.
Additionally, it may be of use to experienced lifters
currently experiencing a plateau in training. However,
it is not known if SI progressive resistance exercise is
as effective as TRAD progressive resistance exercise
for long-term training.
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