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Welcome to the February 2018 edition!  
As always, the edition is divided into 

three parts. It starts with reviews of stud-
ies of general strength training, moves 
onto reviews of investigations into sprinting 
and athletic performance, and finishes with 
a section on hypertrophy.

This month includes amazing studies in 
every section, some of which you will have 
probably already seen being discussed on 
social media. However, others will almost 
certainly have flown under the radar, as 
their importance is not immediately ob-
vious until we unpack the findings in the 
context of the existing literature.

The key study in this edition compared the 
effects of motor skill training (visuomo-
tor tracking), metronome-paced strength 
training (MPT), and self-paced strength 
training (SPT) on changes in strength and 
corticospinal excitability. This allowed the 
researchers to assess the similarities and 
differences between strength training and 
skill training. After all, strength coach-
es often say that “strength is a skill” so it 
was high time that this claim was put to 
the test! Yet, the researchers found that 
strength training only involves similar ad-
aptations to skill training when it involves 
a slow, controlled tempo, and that this 
slow speed leads to inferior strength gains 
compared to a self-paced tempo. Thus, 
the neural adaptations leading to optimal 
strength gains seem to be different to skill 
training, and may in fact be a separate cat-
egory of adaptations all of their own...

Hypertrophy enthusiasts will be greatly 
rewarded for their long-suffering patience 
in this edition, as researchers have finally 
managed to link the accumulated amount 
of mechanical loading over a training pro-
gram to muscle growth, albeit only in a ro-
dent model. I hope you enjoy reading this 
edition. See you next month! 
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Is strength training really the same 
as motor skill training?

The corticospinal responses of metronome-paced, but not self-paced strength 
training are similar to motor skill training. Leung, M., Rantalainen, T., Teo, 
W. P., & Kidgell, D. (2017). European Journal of Applied Physiology, 117(12), 
2479-2492. 

It is very common to hear strength coaches and 
some researchers say that “strength is a skill” 

and some research does indicate that strength 
training and motor skill training do display similar 
features, at least in terms of the neural adapta-
tions that occur. The literature indicates that skill 
training (such as hand-eye coordination) and metro-
nome-paced strength training both display increases 
in corticospinal excitability. Yet, self-paced strength 
training (which is the most common way of perform-
ing strength training) does not.

Key findings
Metronome-paced (tempo) strength training and visuomotor skill training each caused 
increases in corticospinal excitability, decreases in corticospinal inhibition, and reductions 
in visuomotor skill tracking error. Self-paced strength training did not cause any of these 
neural adaptations, but did cause a greater increase in strength.

Practical implications
Self-paced strength training leads to greater strength gains compared to tempo training, 
and the neural adaptations that occur after training with a fixed tempo may only en-
hance the ability to lift and lower a weight slowly, under control. Using a set tempo during 
strength training is likely to be detrimental to athletes. 



Background



 

OBJECTIVE To compare the effects on corticospinal excitability of skill training (ST) 
(visuomotor tracking), metronome-paced strength training (MPT), and 
self-paced strength training (SPT), in untrained subjects.

 

Maximum strength: By 1RM standing 
dumbbell biceps curl.

Although 1RM increased after both SPT (by 
22%) and MPT (by 16%), the increase after 
SPT was greater. There were no changes in 
1RM after ST or in the control group

Skill: By tracking errors in 3 visuomotor 
tracking tasks of 10 seconds in length. Each 
task involved standing upright to perform 
elbow flexion and extension to track the mo-
tion of an object on a screen.

Visuomotor tracking error reduced after ST 
(by 58%) and also after MPT (by 24%) but 
not after either SPT (by 13%) or in the con-
trol group (by 14%).

Corticospinal excitability: By using tran-
scranial magnetic stimulation (TMS) to pro-
duce motor evoked potentials (MEPs) during 
a low-level isometric contraction of the bi-
ceps brachii at 90° elbow flexion, and sub-
sequently calculating the total area under 
the recruitment curve (AURC).

Corticospinal excitability, as measured by 
AURC, increased similarly after ST and MPT 
(by 29% and 40%, respectively). There 
were no changes in AURC after SPT, or in 
the control group.

Corticospinal inhibition: By using paired 
pulse TMS during a low-level isometric con-
traction of the biceps brachii at 90° elbow 
flexion to record short-interval intra-cortical 
inhibition (SICI).

Corticospinal inhibition, as measured by 
SICI, decreased similarly after MPT and ST 
(by 61% and 33%, respectively). There 
were no changes in SICI after SPT, or in the 
control group.

44 subjects, aged 26.1 
± 6.8 years (24 males 
and 20 females), allocat-
ed into 4 groups, being 
a control group, and 
groups that did ST, MPT 
and SPT for 4 weeks

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     Metronome-paced (tempo) strength training and visuomotor skill train-
ing each caused increases in corticospinal excitability, decreases in corticospinal inhibition, 
and reductions in visuomotor skill tracking error. Yet, self-paced strength training did not 
affect corticospinal excitability, corticospinal inhibition, or visuomotor skill tracking error.

Subjects in the training groups did 3 training sessions per week 
for 4 weeks. Each MPT workout involved 4 sets of 6 – 8 reps of a 
standing one-arm biceps curl with 80% of 1RM, paced to a met-
ronome (3-second concentric and 4-second eccentric), with 3 
minutes rest between sets. Each SPT workout involved 4 sets of 
6 – 8 reps of a standing one-arm biceps curl with 80% of 1RM 
at a self-selected tempo. Each ST workout involved 4 sets of 56 
seconds of visuomotor tracking involving elbow flexion and exten-
sion movements, through a range of motion of 30 – 140°.



Analysis

This study reported that metro-
nome-paced (i.e. tempo) strength 

training and visuomotor skill training both 
increased corticospinal excitability, de-
creased corticospinal inhibition, and re-
duced visuomotor skill tracking error. Yet, 
self-paced strength training did not affect 
corticospinal excitability, corticospinal inhi-
bition, or visuomotor skill tracking error. 

While this finding is important, it is not too 
surprising, as it is supported by previous 
literature. Earlier studies have shown that 
skill training involving visual or audible 
cues does increase corticospinal excitabili-
ty (1,2,3), and that this effect is enhanced 
when the task is more complex (3). This 
may happen because highly-controlled 
movements activate specific areas of the 
sensorimotor cortex, premotor cortex and 
supplementary motor brain areas (4,5,6).

In contrast, self-paced movements do 
not appear to produce these same spe-
cific effects, and brain activation is 
more widespread (4,5,6). Similarly, the 
strength training literature shows that 
metronome-paced strength training rou-
tinely increases corticospinal excitabili-
ty (7,8,9,10), while self-paced strength 
training does not (9,11). The effects of 
self-pacing or metronome-pacing on corti-
cospinal inhibition are similar. Skill training 
does not reduce corticospinal inhibition 
when it is self-paced (12), but does with 
metronome-pacing (9). Strength training 
also only reduces corticospinal inhibition 
when it is metronome-paced (8,13). Thus, 
the results of this study clarify the findings 
of the previous literature and demonstrate 
that increases in corticospinal excitability 
and decreases in corticospinal inhibition af-
ter strength training likely only arise when 
the training involves a set tempo.



Analysis

This study reported that self-paced 
strength training caused greater gains 

in maximum dynamic strength (1RM) than 
metronome-paced strength training. This 
happened even though metronome-paced 
strength training caused increased cortico-
spinal excitability and decreased cortico-
spinal inhibition, while self-paced strength 
training did not. This suggests that the 
strength gains that occurred in this study 
(which were likely to be largely neural, 
because of the short-duration and the lack 
of change in isometric strength) were not 
particularly affected by the changes in 
corticospinal excitability and inhibition. In 
contrast, there was a parallel change in 
visuomotor skill tracking error in the visuo-
motor skill training and metronome-paced 
strength training groups, which occurred 
alongside the changes in corticospinal ex-
citability and inhibition.

This suggests that the changes in cortico-
spinal excitability and inhibition recorded 
in this study actually relate to movement 
control during lifting and lowering, and not 
to maximum force production. However, 
whether this means that the adaptations 
that contribute to strength gains occur at 
the spinal level (14) is unclear.

This has important implications for train-
ing. It indicates that the neural adaptations 
after training with a slow tempo might 
be detrimental for increasing maximum 
strength, and may only improve control 
over a load at slow speeds. This may partly 
explain why the literature is consistent in 
showing that strength gains are greater af-
ter training with a maximal bar speed (15), 
compared to after training with a submax-
imal tempo, although clearly other factors 
such as the level of rate coding and motor 
unit recruitment are likely to be relevant.



Analysis

Conclusions
Metronome-paced (tempo) strength 
training and visuomotor skill training 
each caused increases in corticospinal 
excitability, decreases in corticospinal 
inhibition, and reductions in visuomo-
tor skill tracking error. Yet, self-paced 
strength training did not affect cortico-
spinal excitability, corticospinal inhibition, 
or visuomotor skill tracking error. Despite 
the greater effect of metronome-paced 
strength training on these neural adapta-
tions, strength gains were greater after 
self-paced strength training.

Practical implications
The neural adaptations that occur after 
training with a set tempo may only im-
prove the ability to lift and lower a weight 
slowly and under control. They do not 
appear to contribute to gains in maxi-
mum strength. Moreover, training with a 
set tempo leads to smaller strength gains 
compared to training with a self-paced 
tempo. Together, this suggests that ath-
letes should avoid using set tempos for 
strength training where possible, and 
should at least use self-paced bar speeds, 
if not maximum bar speeds.
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