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Abstract To investigate the efficacy of ischemia in
strength training with low mechanical stress, tourniquet
ischemia was utilized in low-resistance training. Five
untrained subjects conducted one-legged isometric
knee extension training with one leg ischemic (I-leg)
and the other non-ischemic (NI-leg). Repeated isomet-
ric contractions for 2 s with 3 s relaxation in between
were continued for 3 min and conducted 3 days/week
for 4 weeks as training. Training resistance was 40% of
maximal voluntary contraction (MVC) of respective leg
and tourniquet ischemia was applied during I-leg train-
ing. MVC in I-leg after 2 weeks (9% gain) and 4 weeks
(26% gain) were significantly higher than pre-training
value (p ~ 0.05). A significant increase in maximal rate
of torque development in I-leg was observed after 4
weeks (p ~ 0.05). On the contrary, there was no signif-
icant changes in either of the parameters in NI-leg. As
a consequence, the differences between legs for both
parameters were significant after 2 and 4 weeks
(p ~ 0.05 or p ~ 0.01). The substantial gain in strength
and maximal rate of torque development in I-leg de-
monstrated the efficacy of tourniquet ischemia during
low-resistance training of short duration, and suggested
the importance of neuromuscular and/or metabolic ac-
tivity, other than high mechanical stress, to the adapt-
ing responses to strength training.
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Introduction

The stimuli responsible for strength gains following re-
sistance training are still controversial. Numerous stud-
ies have succeeded in gaining strength by utilizing high-
resistance training. The high mechanical stress on mus-
cle may act as a stimulus per se, but neuromuscular and/
or metabolic factors could serve as stimuli as suggested
from the evidence showing greater strength gains by
training without rest between contractions than training
with rest in between (Rooney et al. 1994; Schott et al.
1995). High-resistance training necessitates recruitment
of high-threshold motor units, high discharge frequen-
cy, and high rate of energy production under relatively
limited oxygen availability. Impaired blood flow, meta-
bolite accumulation, and reduced muscle contractility,
which could be called fatigue-related process, will occur
as a consequence. Achievement of the required force
by fatiguing muscle would further require increasing
neuromuscular activity as compensation (Shinohara
and Moritani 1992). Any or all of the factors in the
process, as well as high mechanical stress, could play
some role in adaptations to strength training.

The studies which shed light on the fatigue-related
process during resistance training are, however, accom-
panied with high-resistance (6 RM in Rooney et al.
1994; 70% of MVC in Schott et al. 1995), so that it is
not clear if high mechanical stress is a prerequisite for
strength gain. We hypothesized that implementation of
the process could produce significant effects even if the
mechanical stress is not high. To test this, we applied
tourniquet ischemia, which is known to cause dramatic
changes in neuromuscular activity and metabolism
(Moritani et al. 1992), to four weeks of low-resistance
training. Effects were evaluated by maximal voluntary
contraction (MVC) and maximal rate of torque devel-
opment (MRTD) since the adaptation in this period
might be mostly due to neural factors (Ikai and Fuku-
naga 1970; Moritani and deVries 1979).
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Methods

Five untrained males who did not have regular exercise habits
were recruited as subjects. Their mean (range) age, height, and
body mass were 23.2 (19–29) years, 165.7 (163–173) cm, and 63.5
(59–73) kg, respectively. Each subject signed an informed consent
before participation. One-legged voluntary isometric knee exten-
sion with the knee joint angle at 1.57 rad (90 deg) was employed
for measurements and training. Developed torque through the at-
tachment at the ankle was obtained by a torque measurement sys-
tem (MYORET, ASICS, Japan) and transferred to an oscillos-
cope for display, and to personal computer by 12-bit digital con-
version at 100 Hz for later analyses. Before training, after 2 and 4
weeks of training, subjects performed maximal contractions with
the greatest possible rate of torque development. The best one of
three trials was taken as the measurement. Measurement was
made in both legs, and determined as either ischemic training leg
(I-leg) or non-ischemic training leg (NI-leg). MRTD was analyzed
by differentiating the MVC signal.

The setup for training was the same as that for MVC measure-
ment except that a tourniquet with 8 cm width was fixed around
the proximal part of the thigh in I-leg. Repeated isometric con-
tractions for 2 s with 3 s relaxation in between were continued for
3 min and conducted 3 days/week for 4 weeks as training. In I-leg
training, tourniquet ischemia at `250 mmHg was applied from
5 s prior to the first contraction until the end of the last contrac-
tion. During contraction, subjects were instructed to maintain the
target force on oscilloscope at 40% of MVC of corresponding leg.
When impossible, contraction with maximal effort was encour-
aged. The target torque was adjusted according to the change in
MVC after 2 weeks of training.

Statistical significance in difference was tested by a paired Stu-
dent’s t–test. Significance was accepted at p ~ 0.05.

Results

Training at 40% of MVC by NI-leg was low with regard
to external torque output and subjective effort, and was
completed without apparent fatigue. In I-leg, however,
achievement of 40% of MVC in the last –30 s required
maximal effort in most cases, and the target torque was
not attained in some cases, possibly due to fatigue and
some tolerable pain.

Pre-training values of MVC (Fig. 1) and MRTD
(Fig. 2) were not statistically different between the legs.
MVC in I-leg after 2 weeks (9% gain) and 4 weeks
(26% gain) were significantly higher than pre-training
value (p ~ 0.05). Significant increase in MRTD from
pre-training value was observed in I-leg after 4 weeks
(p ~ 0.05), and the value after 2 weeks seemed to be
increased (p p 0.057). In NI-leg, there was a tendency
to increase in MVC after 4 weeks (p p 0.056), but
there was no significant change in either parameter at
any period. The difference between legs was already
significant after 2 weeks for each parameter.

Discussion

This study clearly demonstrated substantial gains in
strength and torque development rate following short-
term low-resistance training by utilizing tourniquet is-
chemia, without which the gains cannot be obtained.

Fig. 1 Maximal voluntary contraction torque in I-leg (closed
symbols) and NI-leg (open symbols) before, 2 and 4 weeks after
training (mean, SE). * p ~ 0.05 compared with the pre-training
value, 8 p ~ 0.05 between I-leg and NI-leg of the same period

Fig. 2 Maximal rate of torque development in I-leg (closed sym-
bols) and in NI-leg (open symbols) before, 2 and 4 weeks after
training (mean, SE). * p ~ 0.05 compared with the pre-training
value, 8 p ~ 0.05 and 88 p ~ 0.01 between I-leg and NI-leg of
the same period
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This would suggest that neuromuscular and/or meta-
bolic activities have some roles in the adapting re-
sponses to strength training apart from high mechanical
stress due to contraction. Our findings complement the
findings of Rooney et al. (1994) and Schott et al. (1995)
who suggested the possible roles of fatigue-related
process in adaptation to heavy-resistance training.
Rooney et al. (1994) found greater dynamic strength
gains after 6 weeks of training in subjects who re-
peatedly lifted 6 RM training weight without rest than
those subjects with 30 s rest in between. Similarly,
Schott et al. (1995) found a greater isometric strength
gains and muscle hypertrophy following 14 weeks of
isometric training at 70% of MVC using long fatiguing
contractions (30 s) compared to short, intermittent con-
tractions (3 s contraction with 2 s rest in between). Our
study extended their findings to low-resistance training
and have tried to augment the fatigue-related process
by utilizing tourniquet ischemia.

Increase in neuromuscular activity with relatively
limited oxygen availability has been reported in surface
electromyography (EMG) study (Shinohara and Mori-
tani 1992) and in an intramuscular EMG study (Mori-
tani et al. 1992). Also, contraction with restricted blood
flow causes dramatic changes in metabolites, e.g., pH
and Pi (Schott et al. 1995). The increased neuromuscu-
lar activity with metabolic changes must have been in-
volved in the later part of each I-leg training since max-
imal effort was necessary to achieve 40% of MVC un-
der severe ischemia and fatigue. Despite the use of low
resistance, the increase in strength gain in I-leg follow-
ing 4 weeks of training (26%) was substantial and of
similar magnitude to the results of previous study which
utilized high-resistance training (Schott et al. 1995). It
seems likely therefore that the intended maximal effort
in I-leg training, rather than developed tension, served
as a stimulus to the adaptation of neural factors which
would play dominant roles during the initial period of
strength training (Ikai and Fukunaga 1970; Moritani
and deVries 1979). It would also be speculated that the
metabolic stress of I-leg training may have affected the
release of local growth factors such as insulin-like growth
factor-1 as discussed by Shott et al. (1995), which in turn
could cause muscle growth and increase in strength.

The increase in MRTD in I-leg during MVC trial is
of interest since no instruction was made as to contrac-

tion speed during the course of training. The intended
maximal effort in I-leg training may have been similar
to maximal “ballistic” contraction since achievement of
the target torque should be impossible otherwise. The
intended rather than actual movement may have
worked for the adaptation of the motor command and
motor unit activation pattern as suggested by Behm
and Sale (1993).

The increase or maintenance of strength as well as
torque development rate by low-resistance training
would be of great needs for those people, such as the
aged people, patients/athletes in rehabilitation pro-
grams, who cannot put high mechanical stress on mus-
cle, tendon and joints. Utilization of tourniquet ischem-
ia to low-resistance training could work for those peo-
ple and situations although further studies must be
done before application. In conclusion, this study de-
monstrated substantial gains in strength and maximal
rate of torque development by utilizing tourniquet is-
chemia in low-resistance training.
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