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Welcome to the April 2019 edition! If 
there is a theme to this edition then 

it is certainly plyometrics, since I have cov-
ered three important studies involving this 
type of training. One study compared the 
effects of training with low or high volumes 
of plyometrics. It found that while the 
high-velocity aspects of plyometric perfor-
mance were similarly enhanced after low 
and high volumes of training, there was a 
strong trend for the eccentric aspects to 
be increased more after high volume train-
ing, which is exactly what we might expect 
once we appreciate that eccentric strength 
depends on peripheral adaptations.

The other plyometric studies assessed the 
effects of different focuses of attention on 
plyometric performance or adaptations. 
While focus of attention has received a 
great deal of attention in the literature, it 
has yet to be fully determined which types 
of cues are appropriate in which situations. 
These studies help us make some progress 
in this direction.

The hypertrophy studies in this month’s 
edition were very important. One paper 
assessed the effects of aerobic exercise 
on central nervous system fatigue, which I 
think is the main cause of the “interference 
effect” that reduces gains in muscle size 
during strength training. Another study 
explored the rate at which muscle damage 
is repaired and found that some damage 
may never be repaired, suggesting that we 
should be cautious about excessive work-
outs, or risk reducing our maximum mus-
cular potential. The last study explored the 
effects of both load and training to failure 
on the rate of recovery after a workout. 
It confirmed that training to failure with 
lighter loads requires the longest duration 
of recovery time before the next workout, 
most likely due to the muscle-damaging 
effects of sustained calcium overload and 
metabolite accumulation. 
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Comparing the effects of single-leg 
and two-leg strength training

Specificity and Transfer of Lower-Body Strength: Influence of Bilateral or Uni-
lateral Lower-Body Resistance Training. Appleby, B. B., Cormack, S. J., & New-
ton, R. U. (2019). The Journal of Strength & Conditioning Research, 33(2), 318-
326.

Traditional strength training uses two-limb lower 
body exercises for developing muscular strength 

of the legs. However, single-limb exercises can also 
be used effectively. Gains in maximum strength can 
occur through many mechanisms, including changes 
in exercise technique, intermuscular coordination, 
voluntary activation, and in muscle-tendon unit 
properties. By analyzing each of these mechanisms, 
it is possible to understand how strength gains occur 
specifically in certain exercises but still transfer to a 
lesser extent to other exercises.

Key findings
In young male rugby players with strength training experience, 8 weeks of lower body 
strength training with the squat exercise produced a moderate increase in squat 1RM but 
only a small increase in step up 1RM. Similarly, strength training with the step up exercise 
produced a moderate increase in step up 1RM but only a small increase in squat 1RM.  

Practical implications
For improving squat strength, training with the squat is more effective than training with 
the step up, most likely due to superior improvements in exercise technique and inter-
muscular coordination. However, gains in squat strength can still be attained by step up 
training, likely due to changes in voluntary activation and muscle-tendon unit properties.



Background



 

OBJECTIVE To assess the effects of long-term strength training with either the 
squat or step up exercises on changes in 1RM squat and 1RM step up 
in strength-trained, young male rugby players.  

 

1RM back squat: During a 
squat to 90o of knee flexion, to 
match the knee angle used in the 
step up.

Weeks 1 – 8
The squat training group achieved a moderate increase 
in squat 1RM over the first 8 weeks of training (effect 
size (ES) = 0.79). In contrast, the step up training 
group achieved only a small increase in squat 1RM after 
the first 8 weeks of training (ES = 0.44). Even so, the 
differences between groups were unclear.

Weeks 10 – 12
The squat and step up training groups both achieved 
only a trivial increase in squat 1RM in the additional 3 
weeks of training (ES = 0.05 and 0.01, respectively).

1RM step up: Onto a box of 
sufficient height to induce a knee 
angle of 90o flexion in the front 
leg (30 – 42cm, depending on 
the athlete).

Weeks 1 – 8
The squat training group achieved a small increase in 
step up 1RM over the first 8 weeks of training (effect 
size = 0.22). In contrast, the step up training group 
achieved a moderate increase in step up 1RM after the 
first 8 weeks of training (ES = 0.63). Even so, the dif-
ferences between groups were unclear.

Weeks 10 – 12
The squat and step up training groups both achieved 
only a trivial increase in step up 1RM in the additional 3 
weeks of training (ES = 0.07 and 0.11, respectively).

33 male rugby players 
with strength-training 
experience, aged 22.4 ± 
4.1 years, allocated into 
3 groups (squat training,  
step up training, and a 
comparison group)

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     In young male rugby players with strength training experience, 8 
weeks of lower body strength training with the squat exercise produced a moderate in-
crease in squat 1RM but only caused a small increase in step up 1RM. Similarly, lower 
body strength training with the step up exercise produced a moderate increase in step up 
1RM but only a small increase in squat 1RM. 

Subjects trained in the rugby preseason. All of the subjects did 3 
rugby skills sessions per week (60 – 90 minutes), 2 upper body 
strength training workouts (45 – 60 minutes), 2 lower body strength 
training workouts (60 minutes), 2 speed and agility workouts (30 – 
45 minutes), and 1 cardiovascular workout (30 – 45 minutes). Only 
the main exercise in the 2 lower body strength training workouts 
differed beween the groups. The main exercise in the lower body 
strength training workouts was matched between the groups for 
relative volume load (number of sets x reps x percentage of 1RM) 
and was performed for 8 sets of 8 reps (week 1), 8 sets of 6 reps 
(weeks 2 – 4), and 8 sets of 4 reps (weeks 5 – 8 and weeks 10 – 
12). Week 9 involved no training as a deload and testing week.  



Analysis

This study reported that training with 
the squat exercise produced a moder-

ate increase in squat 1RM but only a small 
increase in step up 1RM. Similarly, training 
with the step up exercise produced a mod-
erate increase in step up 1RM but only a 
small increase in squat 1RM.

What causes strength gains?
There are four mechanisms through which 
maximum strength in an exercise can 
increase. Firstly, the technique in the lift 
can be improved. This increases the total 
load lifted, but the joints do not necessarily 
produce larger turning forces. The gain in 
strength (measured as an increase in load) 
arises because we become more efficient 
at doing the exercise, such that we can 
lift a heavier load while exerting the same 
turning forces at each of our joints.

Depending on the nature of the technique 
improvement in a lower body exercise, 
ground reaction force (GRF) may increase 
or it might not. Some technique improve-
ments correct inefficencies in the whole 
system that is lifting the weight, but others 
merely allow additional muscle groups to 
contribute to a greater extent.

Secondly, intermuscular coordination can 
increase. Increases in intermuscular co-
ordination involve a shift from antagonist 
muscle activation to synergist muscle acti-
vation. The reduction in antagonist muscle 
activation means that antagonist muscle 
force is reduced, which increases the turn-
ing force at the joint without altering prime 
mover muscle force (1). The increase in 
turning force at the joints increases GRF 
but the muscle force of the prime movers 
does not increase. 



Analysis

Curiously, antagonist activation (which 
is often called coactivation) general-

ly tends to increase after heavy strength 
training (2,3), most likely to improve joint 
stability, although some new studies have 
suggested that it may be possible to re-
duce antagonist activation with very long-
term strength training experience (4). In 
contrast, strength training using high-ve-
locity movements (5,6) and unstable sur-
faces (1) typically reduces antagonist acti-
vation in the trained exercises (and at the 
trained speeds), which leads to fast, large 
strength gains in those exercises. 

Thirdly, strength can be increased by an 
increase in the level of voluntary activa-
tion of the prime mover muscles. Volun-
tary activation is the extent to which the 
motor units that control that muscle can 
be recruited. Many muscles contain motor 
units that are not recruited even during 
maximal efforts. With strength training, it 
is possible to increase the number of mo-
tor units that can be recruited. Clearly, this 
increases prime mover muscle force, which 
increases the turning force at the joint, and 
also the GRF in any lower body exercise 
involving that muscle group. Importantly, 
increases in voluntary activation are not 
exercise-specific (7,8). It is even possi-
ble to train a two-joint muscle at one joint 
and cause increases in voluntary activation 
when testing the force producing ability of 
that same muscle at the other joint (9).

Finally, strength can be increased if the 
maximum force-producing capacity of the 
muscle-tendon unit (MTU) is increased. 
When this happens, the muscle force that 
can be produced by the prime movers 
is increased, the joint turning forces are 
increased, and the GRF is increased. This 
increase in the maximum force-producing 
capacity of the MTU can be achieved by 
three mechanisms: an increase in mus-
cle fiber size, which is called hypertrophy 
(10,11,12), an increase in tendon stiff-
ness (stiffer tendons allow muscle fibers 
to shorten at slower speeds, and therefore 
exert more force) (13), and increases in 
the amount of muscle fiber force that is 
transmitted laterally (14,15). 

Some researchers have suggested that an 
increase in the density of the myofibrils in 
the muscle cells might contribute to in-
creases in MTU strength, because the sar-
coplasm does not contribute to force pro-
duction. However, research has shown that 
the density of myofibrils in muscle fibers 
does not change after long-term strength 
training (16) and the specific tension of 
single muscle fibers is not altered in vitro 
(14,17), both of which indicate that myo-
fibrillar and sarcoplasmic hypertrophy hap-
pen in tandem. Similarly, some researchers 
have suggested that changes in muscle 
fiber type might also contribute to strength 
gains, but these again have been shown to 
have no meaningful effect (14).



Analysis

Conclusions
In young male rugby players with 
strength training experience, 8 weeks 
of lower body strength training with the 
squat exercise produced a moderate 
increase in squat 1RM but only caused a 
small increase in step up 1RM. Similar-
ly, lower body strength training with the 
step up exercise produced a moderate 
increase in step up 1RM but only a small 
increase in squat 1RM. 

Practical implications
For improving squat strength, training 
with the squat is more effective than 
training with the step up, most likely due 
to the superior improvements in exercise 
technique and intermuscular coordina-
tion. However, gains in squat strength 
can still be attained by step up training, 
most likely due to changes in voluntary 
activation and muscle-tendon unit prop-
erties.

This study showed that training with a 
single-limb lower body exercise (the 

step up) caused greater increases in 1RM 
step up than in 1RM squat, while training 
with a two-limb lower body exercise (the 
squat) caused greater increases in 1RM 
squat than in 1RM step up. Yet, training 
with the step up still caused increases in 
1RM squat, and training with the squat still 
caused increases in 1RM step up.

Thinking about the mechanisms by which 
strength gains occur can help us analyze 
how these results occurred.

The gains in 1RM in the untrained exercises 
(1RM step up after squat training and 1RM 
squat after step up training) likely arose as 
a result of increases in voluntary activation 
(motor unit recruitment) and changes in 
muscle-tendon unit (MTU) properties of the 
quadriceps and adductor magnus muscles.

Conversely, the gains in 1RM in the trained 
exercises (1RM squat after squat training 
and 1RM step up after step up training) 
likely arose as a result of *both* increases 
in [A] voluntary activation and changes in 
MTU properties of the quadriceps and ad-
ductor magnus muscles, *in addition to* 
[B] improvements in technique and inter- 
muscular coordination. 

The main difference between the exercis-
es in respect of the secondary category of 
mechanisms was the use of two legs to-
gether in the squat but the use of one leg 
in the step up. This means that there is a 
greater requirement for stability in the step 
up, which leads to a greater capacity for 
gains in intermuscular coordination (18). 
Whether these gains in strength would 
produce a superior transfer effect to other 
single-leg movements such as sprinting, 
however, is unclear (19).
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