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INTRODUCTION

Kroll [1] administered five maximal isometric wrist flexion

strength trials, on each of three consecutive test days, and

observed a significant increase across trials from the first to 

the last test session. There were then two retest sessions, two

weeks and three months later. An 8-15% increase was

observed between the first test and retest condition, and it was 

retained over the 3-month period until the second retest.

Kroll [2] later studied the effects of all contractions given on a

single test day. There were three groups corresponding to 5,

10, and 15 maximal effort contractions. None of the three

groups exhibited any increase in strength upon retest two

weeks later. Thus, fifteen contractions distributed over 3

consecutive days enhanced muscular strength whereas fifteen

contractions distributed on the same day did not. Kroll [2]

theorized that the results of the two studies could be explained

by the observed superiority of distributed versus massed

practice in motor skill development. The present study tested

Kroll’s [2] hypothesis for the elbow flexors.

METHODS

Twenty-six college-aged females were matched and randomly

assigned to one of two groups. The massed group (n=13)

completed 15 maximal isometric elbow flexion strength trials

in one session, while the distributed group (n=13) performed

five such contractions on three successive days. After a 2-

week and 3 month rest interval, both groups returned to

perform another five maximal isometric elbow flexion

strength trials to assess retention of any potential strength

gains.

Surface electromyographic (SEMG) activity of the biceps and

triceps brachii were monitored with bipolar electrodes (DE-

2.1, Delsys Inc., Boston, MA). The signals were amplified

(1000 ), band-passed (20-450 Hz) filtered, before A/D

conversion (BNC-2110, National Instruments) at 2048 Hz

(DASYLab, DASYTEC National Instruments, Amherst, NH)

on a Pentium III PC (Seanix Technology Inc., Blaine, WA).

Force was monitored with a load cell (JR3 Inc., Woodland,

CA). The force signal was low-passed (100 Hz) before being

sampled in the same manner as the SEMG. Figure 1 depicts

representative SEMG and force signals.

RESULTS AND DISCUSSION

There was a significant (p<0.05) increase in strength in both

groups from Block 1 (first 5 contractions) to Block 2 (first

retest) and from Block 1 to Block 3 (second retest). Both

groups exhibited an increase (p<0.05) in biceps root-mean-

square (RMS) SEMG amplitude. A significant (p<0.05)

decrease in triceps RMS SEMG amplitude was found between

Block 1 and 2 for both groups. However, a significant

(p<0.05) increase was found between Blocks 2 and 3.

Both the massed and distributed groups exhibited a learning-

related increase in maximal isometric elbow flexion torque

that was retained over a three month period. The increase in 

neural drive to the agonist was also retained [3]. The reduction

in antagonist coactivation was a short-term (2 weeks) training

effect [4], dissipated over the longer rest interval (3-months).

The subsequent increase in antagonist coactivation was

necessary to increase joint stability in response to further

increases in agonist muscle force output, observed during the

last re-test session.  The results of this study suggest that there

is flexibility in how muscle contractions may be distributed.

However, other aspects of motor learning theory should be

explored further, such as the role of feedback. To subtract-out

learning effects upon strength training studies, only one

session in needed, as multiple sessions may be unnecessary.

Figure 1. Representative torque (top panel), biceps brachii

agonist SEMG (middle panel), and triceps brachii antagonist

SEMG (bottom panel) for one subject.
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