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Summary. Ultrastructural and twitch contractile char-
acteristics of the human triceps surae were determined
in six healthy but very sedentary subjects before and
after 16 weeks of isometric training at 30% maximal
voluntary contraction (MVC). Following training,
twitch contraction time was approximately 16% shorter,
although no differences were observed in one-half re-
laxation time or peak twitch torque. Percent fibre type
was not changed by training. The mean area of type I
and type II fibres in the soleus increased by approxi-
mately 30% but only type 11 fibres showed an increase
in area in the lateral gastrocnemius (30%). Despite such
changes in fibre area the volume density of the sarco-
plasmic reticulum-transverse tubular network averaged
3.2£0.6% and 5.9+ 0.9% in type I and type 11 fibres re-
spectively, before and after training in the two heads of
the gastrocnemius. The results indicate that contractile
adaptations to isometric training at 30% MVC were lim-
ited to twitch contraction time and were not directly re-
lated to changes in percent fibre distribution or the vol-
ume of sarcoplasmic reticulum and transverse tubules
in either type I or type II fibres. The data further de-
monstrate that substantial fibre hypertrophy is achieved
by training with low-intensity contractions.
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Introduction

Structural (MacDougall et al. 1984; Hoppler et al.
1985; Sale et al. 1987; Alway et al. 1988, 1989b) and
contractile (Gonyea and Bonde-Petersen 1978 ; Hainaut
et al. 1981; Davies and Young 1982; Duchateau and
Hainaut 1984) adaptations in muscle to strength train-
ing have received much attention, although the rela-
tionship between the intensity of training and these
properties is less clear. We have previously demon-
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strated that twitch contraction time (CT) in the triceps
surae complex was greater in elite bodybuilders than in
active controls or endurance athletes (Alway et al.
1988). These results were in general agreement with
previous observations in the triceps surae (Sale et al.
1983). In contrast, we have recently observed that CT
was shortened after 16 weeks of isometric training at
100% maximal voluntary contraction (MVC) in the hu-
man triceps surae muscle complex (Alway et al. 1989a).
These results could not be explained by changes in the
volume density of sarcoplasmic reticulum or muscle fi-
bre type (Alway et al. 1989a). However, these studies
were unable to determine whether the intensity per con-
traction (low vs high percentage of MVC) may be re-
sponsible for the twitch contractile adaptations.

The parameters for isometric exercise can be rigidly
controlled so that many of the uncontrollable variables
that would have been introduced with low-intensity
contractions of running-endurance exercise (e.g. inten-
sity of effort, speed to contraction, rest-work interval,
style of running etc.) were avoided by using isometric
exercise. The same leg-holding apparatus that was used
for physiological measures in our previous studies (Al-
way et al. 1988, 1989a) provided us with a unique op-
portunity to train and obtain twitch and strength meas-
ures from the same device.

In the current study, we have examined a group of
sedentary subjects before and after 16 weeks of isomet-
ric plantar flexion exercise which was conducted at 30%
MVC. Low-intensity exercise that can be sustained for
several minutes (i.e. 30% MVC) would likely involve
different metabolic pathways and substrates than train-
ing at 100% MVC, since the latter exercise can only be
maintained for a few seconds. Thus, if the contractile
adaptations to exercise are dependent upon the inten-
sity of a given contraction, we would expect to find dif-
ferent contractile adaptations after training at 100%
MVC and 30% MVC.

The purpose of this study was to determine whether
twitch contractile properties of the triceps surae com-
plex could be altered by 16 weeks of isometric training
at 30% MVC.
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