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ABSTRACT

Dorgo, S, King, GA, and Rice, CA. The effects of manual resis-

tance training on improving muscular strength and endurance.

J Strength Cond Res 23(1): 293–303, 2009—The purpose of this

study was to investigate the effects of a manual resistance training

(MRT) program on muscular strength and endurance and to

compare these effects with those of an identically structured

weight resistance training (WRT) program. To do this, 84 healthy

college students were randomly assigned to either an MRT (n =

53, mean 6 SD: age 25.6 6 6.0 years, height 170.1 6 8.1 cm,

body mass 73.9 6 16.0 kg, and body fat 24.6 6 8.7%) or WRT

(n = 31, mean 6 SD: age 25.5 6 5.2 years; height 169.6 6 10.1

cm, body mass 75.06 17.4 kg, and body fat 24.76 8.5%) group

and engaged in a 14-week training program. Each participant’s

performance was assessed before and immediately after the 14-

week training period. Muscular strength was assessed by the

one-repetition maximum (1RM) bench press test and the 1RM

squat test. Muscular endurance was recorded as the maximum

number of repetitions performed with 70% of pretraining 1RM for

the bench press and squat exercises. There were no significant

differences between the MRT and WRT groups at baseline for

muscular strength (p. 0.36) or muscular endurance (p. 0.46).

Compared with baseline values, the 14-week training programs

produced significant (p , 0.001) improvements in muscular

strength and muscular endurance of the MRT and WRT groups.

However, no significant difference was observed between the

MRT and WRT groups for muscular strength (p . 0.22) or for

muscular endurance (p. 0.09) after training. The improvements

in muscular strength and muscular endurance after a 14-week

MRT program in the present study were similar to those

produced by a WRT program, and well-designed MRT exercises

seem to be effective for improving muscular fitness.

KEY WORDS accommodating resistance training, weight

training, resistance training modalities, circuit training

INTRODUCTION

I
mproving muscular strength and endurance has long
been the goal of physical training programs. To elicit
changes in muscular strength and endurance, skeletal
muscles must receive appropriate levels of stress,

commonly achieved by the application of external resistance.
Some of the most widely accepted methods for applying
exercise resistance are free weights, weight machines, and
elastic cords. Some less common methods include hydraulic
machines, pneumatic machines, stones, kegs, and logs. Man-
ual resistance training (MRT) is another method that has
yet to be well accepted among strength and conditioning
professionals. A possible explanation for the underutilization
of MRT may be the lack of published research investigating
the efficacy of this very basic and simple training method.
It is well accepted that many free weight training exercises

do not apply equal resistance to the contracting muscle
throughout the movement because of joint position leverage
and susceptibility of the static load to gravity (i.e., the resistive
load is greatest when the movement is perpendicular to the
ground and in direct line with gravitational forces). Accom-
modating resistance is a term used to describe a work load
that varies during an exercise movement to match the force-
producing ability of the target muscle group throughout the
full range of motion (5,12,21,26); it is commonly associated
with isokinetic dynamometers and exercise machines
designed with a variable-resistance cam. Previous investi-
gators have speculated that exercises that elicit maximal
muscle contraction throughout the full range of motion may
produce greater strength gains than constant-load resistance
(8,12,21). Manual resistance training incorporates accom-
modating resistance concepts; thus, in theory, it may gen-
erate muscular strength improvements similar to traditional
weight resistance training (WRT).
Publications onMRTdate back to the early 1980s and come

mainly from practitioners’ journals (1,10,16,25,27). Other
terms used for the same training concept of MRTare manual
accommodating resistance exercises (1) and cooperative strength
training (25). With the application of MRT, participants work
in pairs, with one assuming the role of the lifter and the other
being the spotter. The resistance for any given exercise is
provided by the spotter, and thus traditional weight training
equipment, such as bars, dumbbells, and plates are not used.
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Most traditional free weight and machine-based resistance
training exercises can be simulated (16) when MRTexercises
are properly designed and may provide the intended training
stimuli. However, MRT is not appropriate to mimic explo-
sive movements (i.e., those used in Olympic weightlifting),
because the resistance provided by a spotter may not match
the force curves generated in these activities. To establish
an effective training position or exercise set-up for MRT, only
limited equipment is necessary, which may include benches,
chairs, tables, step boxes, PVC pipes, and straps. The most
ideal training position for any MRT exercise provides the
spotter with the mechanical advantage, thus allowing the
spotter to intentionally control the resistance applied for
the lifter. Consequently, a maximal effort and muscular con-
traction may be elicited from the lifter throughout the full
range of motion, which is known to be available only
through isokinetic machines (1). Thus, in theory, MRTcould
provide significant muscular strength improvements (1).
Nevertheless, research is limited regarding the MRT training
concept.
One study examining the effects of MRT had 1100 male

soldiers train for 12 weeks by either MRTor calisthenics (11).
The study’s findings indicate that MRT was more effective
than calisthenics in increasing strength as measured by
a hand-grip dynamometer, medicine ball throws, and the
number of push-ups performed in 2 minutes (11). In another
study (19), improvements in strength and endurance for
a group of untrained women that completed a 6-month
training program comprising plyometric, calisthenics, and
MRT were compared with improvements for a traditional
resistance training group and an aerobic training group. Man-
ual resistance training was used to mimic the field training
program most often used by soldiers without access to
equipped training facilities. The authors report the greatest
improvement in bench press and squat strength for the
equipment-based traditional resistance training group; how-
ever, the group using MRT exercises also showed moderate
strength improvements during the initial stages of the pro-
gram (19). This study, although not applying a pure MRT
program compared with WRT, concluded that traditional
resistance training was clearly superior for improving
strength and endurance (19).
Although a deficiency of theMRTmethod is the inability to

quantify the resistance applied by the spotter whereas, with
traditional resistance training, the intensity of the movement
is indicated by the amount of weight lifted, numerous advan-
tages over traditional resistance training exist and have been
reported previously (1,10,16,25,27). Perhaps the greatest
advantage of MRT is the minimal need for equipment, which
makes it possible for low-budget athletic programs, public
recreational centers, and schools to apply resistance training
if a well-equipped weight facility is not available. The phys-
iologically significant advantage of MRT is the variable
resistance, which potentially allows for maximum muscular
tension throughout the full range of motion of a given

exercise, and maximum effort in every repetition of a given
set. For example, a set of 10 repetitions, if performed properly,
is composed of 10 maximum-effort repetitions where the
spotter provides less resistance as the lifter fatigues. Theo-
retically, this maximum overload provided by the spotter
results in maximummuscular involvement (16) and is effective
in gaining strength (1). Therefore, the purpose of this study
was to investigate the effects of an MRTprogram on muscular
strength andmuscular endurance, and to compare these results
with the outcome of an identically structured WRT program.

METHODS

Experimental Approach to the Problem

The experimental design included a longitudinal training
intervention inwhich changes inmuscular strength andmus-
cular endurance were assessed in response to two different
types of resistance training programs. To compare the
effectiveness of MRTwith that of WRT, 84 healthy college
students were randomly assigned to either an MRT or
WRT group and engaged in a 14-week training program.
Each participant’s performance was assessed before and
immediately after the 14-week training period. Muscular
strength in the upper body was assessed by the one-
repetition maximum (1RM) bench press test, and the 1RM
squat test assessed lower-body strength. Muscular endur-
ance tests were performed with 70% load of the achieved
pretraining 1RM weight for both the bench press and squat
exercises.

Subjects

Eighty-four (N = 84) undergraduate students were recruited
for this study: 46 males and 38 females. After the pretraining
assessment of muscular strength and muscular endurance,
participants were randomly assigned to either the MRT (n =
53) or the WRT (n = 31) group. The ratio of males to females
was similar for the MRT and WRT groups (53 to 47% and
58 to 42%, respectively). Because of space, equipment, and
scheduling issues, the number of participants in the WRT
group was limited. Pretraining descriptive characteristics of
the subjects are presented in Table 1.
Before the data collection, each participant completed

a health history and training background questionnaire to
assess participants’ health, physical limitations, physical activ-
ity habits, and resistance training experiences. All participants
reported being healthy and suitable for participation in
a resistance training program. Forty-two subjects reported
performing vigorous physical activity for a minimum of
1 hour twice per week, and 38 subjects reported engaging in
resistance training a minimum of 2 hours per week before the
intervention. The project was approved by the appropriate
institutional review board, and each subject provided written
informed consent to participate. Before the experiment, the
complete testing procedure and training protocol were
thoroughly explained to each subject both orally and written
in the consent form.

294 Journal of Strength and Conditioning Research
the TM

Manual Resistance Training

Copyright ©  . N   ational S  trength and Conditioning  A  ssociation. Unauthorized reproduction of this article is prohibited



Muscular Strength and Muscular Endurance Assessment

Procedures

Subjects were first tested on their 1RM bench press and squat
performance. Before the 1RM testing, all participants
followed a standard warm-up routine composed of one set
of 10 repetitions with approximately 50% of the anticipated
1RM load, followed by 3–5 repetitions with approximately
75% of the 1RM. After the warm-up protocol, subjects
performed their first 1RM attempt with a load slightly lower
than their anticipated maximum weight. Trained research
assistants supervised the testing and dictated the resistance of
each 1RM attempt. A minimum rest interval of 5 minutes was
strictly enforced between 1RM attempts. Most subjects
achieved their true 1RMweight within three to four attempts.
Each subject’s muscular endurance was assessed 24–48

hours after the muscular strength test. The muscular
endurance tests were performed with 70% of the achieved
1RM weight for both the bench press and squat exercises.
After a warm-up routine composed of a light cardiovascular
activity and light weight lifting on the two exercises, subjects
performed the maximum number of repetitions to exhaustion
with the predetermined weight. Trained research assistants
monitored form and technique, and only correctly executed
repetitions were counted. Posttraining 1RM testing proce-
dures followed the same warm-up and testing protocol. To
accurately measure improvements in muscular endurance,
the load for the posttraining test was the same load as the
pretraining test (70% of the pretraining 1RM load).

Training Protocol

All participants, independent of pretraining performance,
performed the same workout routine. However, the absolute
resistance applied for a given exercise was individualized.
Participants engaged in a 14-week training program with
three 1-hour training sessions per week. All participants were
instructed to abstain from other strength training activities
during the study period. All sessions were organized in a triset
(mini-circuit) training format, where three exercises were
performed in succession with short (20–30 seconds) rest
intervals between each exercise. The volume and intensity of

the training sessions were adjusted weekly according to the
training plan, whichwas designed by applying the progressive
overload principle. Subjects performed a total of 15 sets per
training session at the beginning of the program, which was
then progressively increased to 28 sets by the last weeks of
the intervention. Generally, participants performed six to nine
large-muscle-group exercises during each training session
(two or three trisets) with two to four sets of 8–12 repeti-
tions. All subjects were required to rest for at least 24 hours
between training sessions. A sample program plan is pre-
sented in Table 2.
The training intensity was kept in the hypertrophy zone

(8–12RM) for the entire training program because working
at these intensity levels was perceived to provide sufficient
stimuli for simultaneous improvements in muscular strength
and muscular endurance. At the beginning of the program,
sets of 12 repetitions were used, but for the majority of the
14-week intervention subjects performed all exercises with
10 repetitions. In the last few weeks of the program, as the
total number of sets performed per training session reached
the maximum 28 sets, the number of repetitions performed
per set was reduced to eight. Participants in the WRTgroup
were encouraged to use sufficiently heavy loads to reach
full exhaustion in each set (i.e., performing 10 repetitions
with 10RM load). Trained research assistants supervised
all training sessions, monitoring participants for safety and
motivational purposes. Spotters in the MRT group were
instructed to provide maximum resistance for their partners
adjusted to the lifter’s level of fatigue while allowing for full
range of motion and smooth execution of the movement
in each repetition. The speed of movements for the MRT
exercises were controlled (approximately 3 seconds for both
eccentric and concentric phases of each movement), which
assisted MRT spotters with applying the appropriate resis-
tance. The trained research assistants that supervised the
MRT group were also responsible for monitoring exercise
techniques and encouraging the lifters and the spotters for
greater effort.
The training programs for the two groups were as identical

as possible. Both groups performed the same number of

TABLE 1. Mean (6 SD) pretraining descriptive characteristics of the weight resistance training (WRT) group and the
manual resistance training (MRT) group study participants.

n Age (y) Height (cm) Body mass (kg) Body fat (%)

Males
WRT 18 27.0 6 5.7 174.4 6 9.7 83.5 6 17.2 21.0 6 7.3
MRT 28 26.5 6 6.8 174.9 6 5.7 82.7 6 15.1 20.2 6 7.5

Females
WRT 13 23.5 6 3.9 162.9 6 6.3 63.2 6 8.8 29.8 6 7.5
MRT 25 24.7 6 4.9 164.8 6 7.0 64.2 6 10.6 29.6 6 7.2
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exercises with the same numbers of sets and repetitions. The
rest intervals between exercises and sets were also identical.
The researchers attempted to create a training program in
which theMRTandWRTexercises in the two programswere
as similar as possible. However, because the force curve differs
between the variable resistance applied during MRTand the
constant resistance of WRT for a given movement, exercises
in the MRT and WRT programs were not biomechanically
identical. The WRT program was primarily based on free
weight large-muscle-group multijoint exercises (i.e., bench
press, shoulder press, squat, lunge, etc.), with single-joint
movements (i.e., leg curl, arm curl, etc.) only used as supple-
mental exercises. For most exercises, the MRT exercise
mimicked the WRT exercise by targeting the same muscle
groups, requiring identical movements, and using similar
exercise set-ups. For a few WRTexercises, however, a similar
set-up for the MRT version was not practical for providing
the spotter with themechanical advantage, and, therefore, the
training stimulus was not sufficient. For these few instances,
an exercise that targeted the same muscle group and with
a similar movement was applied.
A simple example for identical WRTand MRTmovement

is the standing biceps curl (Figure 1). Whereas subjects in the
WRT group performed this exercise with a standard weight
bar, MRT group participants used a PVC pipe with the
resistance provided by their partners. Here, the lifter assumed
the appropriate lifting position for the exercise with the PVC
pipe while the spotter kneeled in front of the lifter with his or
her hands on the pipe. As the lifter performed flexion of the

elbows, the spotter resisted the movement so that the
movement would be smooth and continuous. In the eccentric
phase of the movement, the spotter applied more force and
pulled the pipe down in a controlled manner while the lifter
attempted to resist and slow down the descent of the pipe.
Spotters were constantly supervised for providing proper
resistance, with the speed of the movement being the best
indicator. This partially ensured that the lifters worked with
the highest intensity for the given exercise and set. However,
because of the nature of MRT, no quantifiable feedback was
available for the MRT subjects on the exercise intensity, as
opposed to the known amount of weight lifted for the WRT
subjects.
In addition to closely mimicking the WRT exercises,

a priority when designing MRTexercises was to provide the
spotter with a mechanical advantage over the lifter for any
given exercise. The spotter’s ability to generate greater forces
than the lifter, thus controlling the applied resistance
throughout the range of motion, is critical when applying
MRT. This may be achieved by using exercise set-ups where
the spotter can use larger muscle groups or the entire body
weight to overcome the forces that the lifter may generate in
the targeted muscle groups. With such an exercise set-up,
a weaker spotter is able to provide sufficient resistance for
a stronger lifter, enabling individuals of differing strength to be
partners. An example of an exercise set-up where the spotter
has the mechanical advantage is illustrated in Figure 2.
The resisted seated chest press exercise was one of the

primary MRTexercises applied in the present study to mimic

TABLE 2. Sample training program for weight resistance training (WRT) group and manual resistance training (MRT)
group.

Day 1 (upper) Day 2 (core + lower) Day 3 (total)

WRT
Triset 1 Triset 1 Triset 1

Dumbbell bench press Back squats Diagonal lunges
Upright rows RDLs Bench press
Standing bent-over rows Sit-ups with plate Seated back extensions

Triset 2 Triset 2 Triset 2
Dumbbell flies Single-leg bridges with plate Lat pull-downs
Triceps dips with plate Alternated step lunges Shoulder press
Standing biceps curls Standing calf raises Rotated sit-ups with plate

MRT
Triset 1 Triset 1 Triset 1

Resisted box push-ups Resisted back squats Resisted diagonal lunges
Resisted upright rows Resisted RDLs Resisted seated chest press
Resisted bent-over rows Resisted sit-ups Resisted seated back extensions

Triset 2 Triset 2 Triset 2
Resisted flies Resisted single leg bridges Resisted lat pulldowns
Resisted triceps dips Resisted alternated step-lunges Resisted shoulder press
Resisted standing biceps curls Donkey calf raises Resisted rotated sit-ups

RDL ¼ Romanlan dead lift.

296 Journal of Strength and Conditioning Research
the TM

Manual Resistance Training

Copyright ©  . N   ational S  trength and Conditioning  A  ssociation. Unauthorized reproduction of this article is prohibited



the free weight bench press used by the WRT group. In the
illustrated exercise set-up (Figure 2) the noticeably weaker
female subject (BW = 54.4 kg, 1RM bench press = 36.3 kg)
was able to provide sufficient resistance for the stronger male
subject (BW = 106.6 kg, 1RM bench press = 136.1 kg).
Specifically, by attaching a 2000-N-capacity hanging scale to

the support chain, we were able to measure the concentric
force generated during the seated chest press exercise. The
male subject shown in Figure 2 was able to generate 1343 N
of concentric force while in the lifter position, whereas the
female subject was able to generate 1423 N of concentric
force from the spotter position. Although we were not able
to measure maximum eccentric strength, it is reasonable
to assume that the female spotter may have been able to
generate even greater eccentric forces. Consequently, the
exercise set-up provided the weaker spotter a mechanical
advantage enabling her to generate more than sufficient
resistance to elicit maximum muscular contraction from the
stronger lifter (Figure 2).

Statistical Analyses

All statistical analyses were performed using a software
package (SPSS for Windows, version 13.0; SPSS, Inc.,
Chicago, Ill). Pre- and posttraining data were analyzed for
main effects using a two-way analysis of variance. When
significant main effects were revealed, specific differences
were assessed using Bonferroni adjusted t-tests. One-
repetition maximum was defined as the greatest weight
moved through the full range of motion (one repetition) for
the bench press and squat exercises. Absolute performance
was defined as the actual total weight (kg) lifted during the
1RM test. Relative performance was defined as the absolute
1RM weight divided by body mass (kg�kg21 body mass).
Muscular endurance performance was recorded as the maxi-
mum number of repetitions completed with 70% of pretrain-
ing (baseline) 1RM load. Alpha was set at the 0.05 level.

RESULTS

At baseline, there was no significant difference between the
MRT and WRT groups in the absolute and relative strength
measures for either the bench press (p . 0.36) or the squat
test (p . 0.61). Similarly, there were no significant differences
between groups for baseline muscular endurance values of
the bench press (p . 0.64) or the squat exercise (p . 0.46).
However, a significant effect of sex (p , 0.001) was observed
for both baseline and posttraining values where males were
significantly stronger than females.
Compared with baseline values, the 14-week training

programs produced significant improvements in muscular
strength (p , 0.001) for both training groups (Table 3). For
the WRT group, there was a significant (p , 0.001)
improvement in the absolute 1RM bench press performance,
from 67.3 6 33.2 kg at baseline to 73.9 6 31.8 kg after
training; and in the relative 1RM bench press performance,
from 0.88 6 0.38 kg�kg21 body mass to 0.96 6 0.36 kg�kg21

body mass, respectively. From baseline to posttraining,
significant improvements (p , 0.001) in performance were
also observed in the MRT group for absolute bench press
strength (61.6 6 34.3 to 66.1 6 32.4 kg, respectively) and
relative bench press strength (0.80 6 0.37 to 0.87 6 0.34
kg�kg21 body mass, respectively). For squat performance after

Figure 1. Manual resistance training standing biceps curl exercise
demonstrated by two subjects.

Figure 2. Resisted seated chest press. The spotter (female) has
a mechanical advantage over the lifter (male) because she is able to utilize
both upper- and lower-body muscle groups to apply resistance.
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14 weeks of training compared with baseline, there was a
significant (p , 0.001) improvement in absolute strength and
relative strength for the WRTgroup (81.1 6 35.8 to 107.8 6

35.5 kg, and 1.07 6 0.38 to 1.42 6 0.36 kg�kg21 body mass,
respectively) and for the MRT group (76.7 6 38.6 to 97.2 6

39.3 kg, and 1.02 6 0.43 to 1.30 6 0.41 kg�kg21 body mass,
respectively). No significant differences in absolute or relative
muscular strength of the bench press or squat were observed
between the WRT and MRT groups after the 14-week
training program (p . 0.22).
The 14-week training program facilitated significant (p ,

0.001) muscular endurance improvements after training
compared with baseline for the WRT and MRT groups
(Table 4). Muscular endurance values of the WRT group
significantly improved from 13.56 4.0 repetitions at baseline
to 21.2 6 6.6 repetitions after training for the bench press
(p , 0.001), and squat muscular endurance significantly
improved from 17.1 6 10.6 repetitions at baseline to 39.3 6

17.6 repetitions after training (p , 0.001). For the MRTgroup,
muscular endurance improved significantly (p , 0.001) for
the bench press from 14.0 6 4.4 repetitions at baseline to
20.0 6 7.3 repetitions after training, and from 15.4 6 9.4
repetitions at baseline to 32.46 14.0 repetitions after training
for the squat. No significant differences in muscular endur-
ance were observed between theWRTandMRTgroups after
the 14-week training program for the bench press (p . 0.53)
or the squat (p . 0.09) exercises.

DISCUSSION

The purpose of this study was to investigate the effects of an
MRT program on bench press and squat strength and

muscular endurance, and to compare these results with the
outcome of an identically structuredWRTprogram. All MRT
and WRT training sessions were organized in a triset format
where three exercises were performed consecutively, similar
to circuit training. Two to four sets of 8–12 repetitions were
performed for all exercises in both programs. The major
findings of this study were that improvements in muscular
strength and muscular endurance after a 14-week MRT
program were similar to those produced by a WRTprogram,
and well-designed MRT exercises seemed to be effective in
improving muscular fitness.
The scientific literature contains numerous investigations of

weight-based resistance training programs; however, there
exists a relative paucity of published reports focused onMRT.
Considering the similar results between the WRT and MRT
groups of the current study, a comparison of the WRTgroup
with previously reported weight-based resistance training
programs seems appropriate for evaluating the overall effec-
tiveness of our WRT and MRT programs. The strength
improvements for the WRT group of the present study are
comparable with those previously reported. Table 5 provides
a summary of previously reported resistance training studies
that used the bench press to assess upper-body strength and
the squat or leg press to assess lower-body strength. The
studies presented in Table 5 also implemented training
methods similar to those used for the WRT group of our
study (i.e., free weights and/or exercise machines, moderate
training intensity, 8–20 repetitions, two to four sessions per
week, 8- to 24-week duration). Bench press strength
improvements for these previous studies ranged from 1.8%
(18) to 31.9% (17), whereas improvements for the squat and

TABLE 3. Mean (6 SD) absolute and relative muscular strength values at baseline and after the 14-week training program,
and absolute and relative change in muscular strength for the weight resistance training (WRT) group and the manual
resistance training (MRT) group.

Baseline Posttraining Absolute change Percent change Pre-post significance

Bench press
Absolute strength (kg)

WRT (n = 31) 67.3 6 33.2 73.9 6 31.8 6.58 9.78 , 0.001
MRT (n = 53) 61.6 6 34.3 66.1 6 32.4 4.54 7.37 , 0.001

Relative strength (kg�kg21BW)
WRT (n = 31) 0.88 6 0.38 0.96 6 0.36 0.08 9.30 , 0.001
MRT (n = 53) 0.80 6 0.37 0.87 6 0.34 0.06 7.59 , 0.001

Squat
Absolute strength (kg)

WRT (n = 31) 81.1 6 35.8 107.8 6 35.5 26.70 32.94 , 0.001
MRT (n = 48) 76.7 6 38.6 97.2 6 39.3 20.55 26.80 , 0.001

Relative strength (kg�kg21 BW)
WRT (n = 31) 1.07 6 0.38 1.42 6 0.36 0.35 33.29 , 0.001
MRT (n = 48) 1.02 6 0.43 1.30 6 0.41 0.28 27.54 , 0.001

Absolute strength (kg) determined by 1-Repetition Maximum (1RM). Relative Strength calculated as absolute strength divided by
body weight (kg�kg21body weight). No significant differences between groups were observed (p . 0.22).
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leg press strength were between 5.2% (18) and 53.5% (17).
However, the majority of investigations involving an 8- to
12-week, moderate-intensity resistance training program
reported 12.4 to 20.4% improvement for the bench press
(2,3,4,6,9,20, 32) and 11.2 to 33.0% improvement for the squat
or leg press strength (3,5,6,9,23,26,28,32). Comparable with
the reported literature, the bench press and squat strength
improvements of the WRT group in the present study were
9.8 and 32.9%, respectively. Additionally, our finding that the
degree of improvement for upper-body strength was not as
great as that of the lower body is in agreement with previous
research (3,28,33,35).

Our results for the strength improvement of the WRT
group were also similar to findings of previous studies using
a circuit training format. Scheduling restrictions for the
training sessions of the WRT and MRT groups necessitated
a time-efficient training format. The triset (mini-circuit)
training format was selected because we hypothesized that
this training format was appropriate to achieve simultaneous
improvements in muscular strength and endurance while
reducing the amount of time spent off-task. Previous research
has demonstrated that, for untrained individuals, circuit
training and traditional weight training programs are similarly
effective for eliciting improvements in strength, although

TABLE 4. Mean (6 SD) muscular endurance values at baseline and after the 14-week training program, and absolute and
relative change in muscular endurance for the weight resistance training (WRT) group and the manual resistance training
(MRT) group.

n Baseline Posttraining Absolute change Percent change Pre-post significance

Bench press
WRT 31 13.5 6 4.0 21.2 6 6.6 7.77 57.79 , 0.001
MRT 47 14.0 6 4.4 20.0 6 7.3 6.02 43.14 , 0.001

Squat
WRT 31 17.1 6 10.6 39.3 6 17.6 22.13 129.19 , 0.001
MRT 47 15.4 6 9.4 32.4 6 14.0 16.96 109.78 , 0.001

Muscular endurance defined as total repetitions achieved with 70% of baseline one-repetition maximum resistance. No significant
differences between groups were observed (p . 0.09).

TABLE 5. Summary of resistance training research that assessed upper-body strength by bench press and lower-body
strength by squat or leg press.

Reference Sex
Training

equipment
Set 3 rep scheme

(intensity)
Training

frequency
Study

duration
Testing
exercise

Performance
increase

Brazell-Roberts, 1989 F Fw; Ug 3 sets 3 10 reps
(73% of 1RM)

3/week 12 weeks BP 12.4%
Squat 33.0%

Coleman, 1977 M Ug 2 sets 3 8–10 reps
(8–10RM)

3/week 10 weeks BP 12.4%
LP 17.4%

Herrick, 1996 F Fw; ExM 3 sets 3 6 reps (constant
3 3 6RM)

2/week 15 weeks BP 31.9%
Squat 53.5%

Hoffman, 1990 M Fw; ExM 4–5 sets 3 6–8 reps core;
3 sets 3 10 reps
assistance exercises

3/week 10 weeks BP 1.8%
Squat 5.2%

Lee, 1990 M Fw; Ug 3 sets 3 8–10 reps 3/week 10 weeks BP 20.4%
LP 5.8%

Schiotz, 1998 M Constant
intensity;
Fw; Ug

3–4 sets 3 6–8 reps
(6RM on core, 8RM on
assistance exercises)

4/week 10 weeks BP 5.0%
Squat 11.2%

Stone, 1994 F Fw; ExM 3 sets 3 6–8 reps
(6–8RM)

3/week 9 weeks BP 18.9%
Squat 33.0%

Fw = free weight; ExM = exercise machines; Ug = universal machine/gym; Nautilus = Nautilus machines; reps = repetitions; RM =
repetition maximum; BP = bench press; LP = leg press.
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high-intensity weight training is the most optimal for
substantial strength increases both for trained and untrained
subjects (13). Most previous studies that were methodolog-
ically similar to the present study and that used a circuit
training method to improve upper- and lower-body strength
reported 12.2–21.0% improvement for bench press strength
(14,15,22–24,36) and 16.0–27.0% improvement for leg press
strength (15,24,36). The similar improvements for muscular
strength (bench press: 9.8%; squat: 32.9%) of our WRTgroup
to those of previous reports demonstrates the effectiveness of
our training program and supports the comparison with our
MRT group.
The muscular endurance improvements of ourWRTgroup

(Table 4) far exceeded those improvements reported in
previous studies (Table 6). Previous research had assessed
muscular endurance using resistance loads of 45–80% of
pretraining (baseline) 1RM (23,32). For this study, muscular
endurance for the bench press and squat exercises was
assessed by recording the maximum number of repetitions
performed by each subject with a resistance equal to 70% of
the baseline 1RM. Bench press endurance of our WRTgroup
improved 57.8%, as opposed to the 2.1–24.8% improvements
previously reported for studies using similar training and
testing protocols (2,23,32). Similarly, our subjects’ 129.2%
improvement for squat endurance was greater than the 16.0–
65.9% improvements previously reported for squat or leg
press endurance (23,32). Whereas the differences in bench
press and squat endurance between our findings and those of
previous studies are impressive, a remarkable 54–152%
improvement in muscular endurance has been reported for

single-joint exercises (7). These data suggest that our training
program facilitated improvements in muscular endurance at
the higher end of the performance spectrum compared with
previous reports that similarly assessed upper- and lower-
body muscular endurance (23,32). However, it is important
to acknowledge that not all subjects in the present study had
at least a moderate level of resistance training experience
before the intervention, and thus an exercise learning effect
may have contributed to the increased performance in
addition to the improved muscle function.
To our knowledge, the effectiveness of a training program

that exclusively used MRT exercises has not been investi-
gated. However, the limited available literature on manual
training suggests that the effects of manual training are similar
to those of accommodating resistance training because max-
imal muscle tensions may be elicited for the full range of
motion of a given exercise (1). Accommodating resistance
training devices, such as variable-resistance cam designs
and isokinetic machines, vary the applied resistance during
the movement in an attempt to match the force-producing
ability of the given musculoskeletal lever system for the full
range of motion (5,12,21,26). It has been hypothesized that
training with maximal muscle contractions elicited through-
out the full range of motion may result in superior strength
gains compared with those achieved by training with
constant resistance (8,12,21). Our MRT exercises required
the resistance to be applied by a partner (spotter), and,
because a skilled spotter may be able to vary the applied
resistance to elicit a maximal muscular effort from the lifter
throughout the full movement, MRT exercises may become

TABLE 6. Summaries of reported muscular endurance improvements of studies using bench press to assess upper-body
strength and squat or leg press to assess lower-body strength.

Reference Sex
Training

equipment
Used set 3 rep

scheme (intensity)
Training

frequency
Study

duration
Testing
intensity

Testing
exercise

Performance
increase

Anderson,
1982

M FW BP 3 sets 3 6–8 reps 3/week 9 weeks Absolute
endurance
with
27.23 kg

BP 23.6%

Marx, 2001 F Single-set
circuit;
FW; ExM

1 set 3 8–12 reps 3/week 24 weeks 80% of
pretest
1RM

BP 2.1%: 0–12 weeks;
10.4%: 0–24 weeks

LP 16.0%: 0–12 weeks;
18.8%: 0–24 weeks

Marx, 2001 F FW; ExM 2–4 sets 3
3–15 reps

4/week 24 weeks 80% of
pretest
1RM

BP 13.7%: 0–12 weeks;
24.2%: 0–12 weeks

LP 34.5%: 0–12 weeks;
64.6%: 0–24 weeks

Stone, 1994 F FW; ExM 3 sets 3 6–8 reps
(6–8RM)

3/week 9 weeks 45% of
pretest
1RM

BP 24.8%
Squat 65.9%

FW = free weight; ExM = exercise machines; reps = repetitions; RM = repetition maximum; BP = bench press; LP = leg press.
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a more accepted form of accommodating resistance. Conse-
quently, the accommodating nature of the resistance applied
with MRT may provide a similar or even greater level of
improvement in strength than that achieved by traditional
WRT.
To overcome the lack of available data on MRT, we

hypothesized that studies investigating the effects of accom-
modating resistance training, using variable-resistance cam
designs and isokinetic machines, would provide a legitimate
basis for comparison. We identified several investigations that
used accommodating resistance training for similar training
periods (6–20 weeks) and that assessed upper-body strength
by the 1RMbench press and lower-body strength by the 1RM
squat or leg press exercises (Table 7). These previous reports
indicate that an 8- to 20-week accommodating resistance
training program generated bench press strength improve-
ments of 9.7–18.0% (4,5), 3.1–4.5% improvements for squat
strength (34), and 6.7–11.2% improvements for leg press
strength (5,14,26,29).
In the present study, as a result of the 14-week MRT

program, subjects demonstrated a 7.4% improvement in
bench press strength, which was similar to that observed for
circuit training (2.1–24.8%) (2,23,32). However, the bench
press strength improvement for our MRTgroup was slightly
lower than the 9.7–18.0% strength improvements reported
in previous accommodating resistance training studies (4,5)
and the 11.8–20.4% improvement reported for traditional
WRT programs (2–4,6,9,20,32). Conversely, the 26.8%
squat strength improvement for our MRTgroup was greater
than the 6.7–11.2% improvement reported by previous

accommodating resistance training studies (5,14,26,29,34)
and was comparable with previous studies of traditional
resistance training (11.2–34.5% improvement) (3,5,6,9,23,26,
28,32) and circuit training programs (16.0–27.0% improve-
ment) (15,24,36). Similar to the WRT group, the MRT
group’s muscular endurance improvements of 43.1% for the
bench press and 109.8% for the squat exceed the greatest
improvements previously reported (24.8 and 65.9%, respec-
tively) (32). Although the changes in strength and muscular
endurance were significant for both the MRT and WRT
groups, we must acknowledge that the performance
improvements may be partially attributed to neuromuscular
adaptations and exercise learning effects. Approximately half
of our subjects were not involved in regular resistance
training programs before the intervention, and thus it is likely
that these subjects experienced some level of neuromuscular
adaptation. However, noticeable improvements in strength
and endurance were also observed in those MRT and WRT
subjects who had participated in regular resistance training
programs before the intervention. Nevertheless, because the
physiological parameters of subjects in the MRT and WRT
groups were similar, and the MRT and WRT programs
produced similar improvements in muscular strength and
endurance, it is reasonable to assume that subjects in both
groups received similar training stimuli throughout the
14-week experimental period.
It is well recognized in the literature that measured strength

improvements may not accurately represent actual strength
gains when the assessment method or device is different from
that used during the training program. The theory that

TABLE 7. Summaries of reported strength gains elicited by variable-resistance or isokinetic training programs that used
isotonic bench press to assess upper-body strength and isotonic squat or leg press to assess lower-body strength.

Reference Sex
Training

equipment
Used set 3 rep scheme

(intensity)
Training

frequency
Study

duration
Testing
exercise

Performance
increase

Berger, 1967 M UG 1 set 3 10 reps (gradually
adjusted 1RM load)

3/week 8 weeks BP 18.0%

Boyer, 1990 F Nautilus 3 sets 3 6–10 reps
(6–10RM)

3/week 12 weeks BP 15.3%
LP 11.2%

Gettman, 1980 M Cybex 2 sets 3 12 reps (60��s21

movement speed)
3/week 20 weeks LP 9.7%

Pipes, 1978 M Variable 3 sets 3 8 reps (75%
of 1RM)

3/week 10 weeks LP 7.5%

Smith, 1981 M Cybex II 3 sets to fatigue at low speed
(5, 10, 15rpm)

LP 9.8% (low)

3 sets to fatigue at high speed
(30, 40, 50rpm)

3/week 6 weeks 6.7% (high)

Wathen, 1982 M Mini-Gym 2 sets 3 low repetitions ? 8 weeks Squat 3.1% (low)
2 sets 3 high repetitions 4.5% (high)

UG = universal machine/gym; Nautilus = Nautilus machines; Cybex = isokinetic Cybex machine; variable = variable-resistance
training; Cybex II = Cybex II isokinetic dynamometer; Mini-Gym = Mini-Gym Leaper isokinetic machine; reps = repetitions; RM =
repetition maximum; BP = bench press; LP = leg press.
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measured improvements in strength are greatest when
assessed with a device or procedure similar to the training
procedure is often termed movement pattern or training-testing
specificity and has been repeatedly observed in previous
studies (5,14,21,26,29,30–34). Therefore, strength improve-
ments elicited by accommodating resistance training may not
seem as great if measured by an exercise that is different than
those used in the program (i.e., free weight 1RM measure).
This must be acknowledged when interpreting the results of
the present study because a standardized strength measure
(free weight 1RM) was used for both the WRT and MRT
groups. The WRT group had an apparent advantage in the
free weight 1RM testing because the same equipment was
used for training and assessment, whereas theMRTgroup did
not use any free weights or exercise machines during the 14-
week program. Therefore, it may be inferred that the slightly
greater strength improvements observed for the WRTgroup
compared with the MRT group are attributable to training-
testing specificity rather than differences in the effectiveness
of the training modalities.
These data suggest that a short-term, well-designed MRT

program can elicit improvements in muscular strength and
muscular endurance similar to traditional weight training,
circuit training, and accommodating resistance training
programs. However, the long-term applicability and effec-
tiveness of the MRT modality require further investigation.
For example, will the application of an MRT program be
effective for individuals with extensive experience with
traditional resistance training modalities (advanced resistance
trainees) such as athletes or those who have already experi-
enced substantial neuromuscular adaptations?What is unique
to the MRT exercises designed for this study is that within
a given exercise set, the applied resistance can be varied
throughout the movement of a single repetition and between
repetitions. This enables the lifter to produce a maximal
muscular effort throughout the full range of motion with each
repetition of the set. Well-designed MRT exercise positions
provide the spotter amechanical advantage enabling aweaker
spotter to generate sufficient resistance to elicit maximum
muscular contraction from the lifter; however, a disadvantage
of the MRTmodality is that no direct training intensity feed-
back is available for the lifter.Whereas in traditional resistance
training the exercise intensity is reflected by the amount of
weight lifted, in MRT only the application of a force-
measuring device would provide the lifter with accurate
intensity values. In addition, because the resistance is pro-
vided by a partner, another disadvantage of MRT is that the
effectiveness of this modality greatly depends on the spotter’s
ability to provide appropriate resistance while simultaneously
allowing for the full range of motion. To achieve this balance
between the applied resistance and the range of motion,
spotters may require more extensive training than in tradi-
tional resistance training programs. Nevertheless, if the lifter
and spotter can work together appropriately, the advantages
of MRT, including the minimal and relatively inexpensive

equipment, make this modality a practical and useful
alternative resistance training method.

PRACTICAL APPLICATIONS

The results of the present study suggest that MRT is effective
for improving muscular strength and muscular endurance.
Strength and conditioning professionals may benefit from
the application of MRT because it provides a cost-effective
alternative training method for poorly equipped facilities or
a supplemental training method to conventional weight-
based resistance training. The application of MRT may be
particularly appropriate in non–weight-room-based training
settings, including indoor (classrooms, gymnasiums, etc.) or
outdoor (field) environments. Manual resistance training also
requires little space and may be performed in areas otherwise
not suitable for resistance training. Because the effectiveness
of the MRT method is dependent on the lifter-spotter part-
nership and maximum effort, as well as the proper exercise
set-up that provides the spotter with mechanical advantage,
professionals applying this training modality need to teach
their athletes the correct MRT lifting and spotting techniques
before allowing the exertion of maximum force.
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