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Welcome to the January 2018 edition! 
This edition includes the first major 

round of formatting changes to the new-
style edition, thanks to everyone who has 
given feedback to date. You will find this 
edition even easier to read than the pre-
vious ones, but it also packs much more 
information about strength training, athlet-
ic performance, and muscular hypertrophy 
into the same space.

As always, this edition is divided into three 
parts. It starts with reviews of studies 
of general strength training, moves onto 
sprinting and athletic performance, and 
finishes with a section on hypertrophy.

The most important study in this edition 
assessed the effects of training a two-joint 
muscle at each joint. Surprisingly, both hip 
flexion and knee extension strength train-
ing caused voluntary activation to increase 
during a knee extension maximum volun-
tary isometic contraction. This suggests 
that a substantial element of the neural 
adaptations that happen after strength 
training are independent of the joint ac-
tion used to train the muscle. Although 
the study involved the rectus femoris, it 
seems likely that the same results would 
be observed for the hamstrings, suggesting 
that knee flexion strength training would 
enhance hamstrings voluntary activation in 
a hip extension movement. This obviously 
has important implications for program-
ming strength training exercises for sports!

Hypertrophy enthusiasts will find plenty of 
practical tips this month, with discussions 
ranging from the relative benefits of multi-
joint and single-joint exercises, to the use 
of post-workout protein for recovery after 
sustaining muscle damage, and the poten-
tially negative effects of training a muscle 
group *too frequently* on proxy markers 
for long-term muscle growth. I hope you 
enjoy reading this edition. See you next 
month! 
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Effects of training a two-joint muscle 
at each joint on strength at each joint

Neuromuscular adaptations induced by adjacent joint training. Ema, R., Saito, 
I., & Akagi, R. (2017). Scandinavian Journal of Medicine & Science in Sports.

Proponents of (visual frameworks) of functional 
training often recommend that we should load 

movements and not muscles in order to maximize 
the neural adaptations to strength training. 
However, it is not clear whether neural drive to a 
two-joint muscle increases when tested in a given 
joint action, after it has been trained at the other 
joint. While the hamstrings are perhaps the most 
well-known two-joint muscle group, the rectus 
femoris is both a knee extensor and also a hip 
flexor.

Key findings
After short-term training of either the hip flexors or the knee extensors, maximum knee 
extension strength was increased. This increase was partly mediated by gains in voluntary 
activation. Yet, strength gains were still somewhat specific to the joint trained. This speci-
ficity likely arose due to both neural adaptations and differences in (regional) hypertropy. 

Practical implications
Two-joint muscles can be trained at either joint to increase strength tested at both joints, 
although optimal results in athletes will be attained by focusing on the joint that is loaded 
in the sporting movement being improved. Bodybuilders may wish to use exercises that 
load the muscle at both joints, to maximize gains in muscle size in all regions.



Background



OBJECTIVE To compare the effects of isometric knee extension and isometric hip 
flexion strength training on changes in muscle size, strength, rate of 
force development, and voluntary activation in untrained males.

 

Maximum strength, voluntary activation 
(VA), and rate of torque development 
(RTD): Maximum voluntary strength by hip 
flexion and knee extension MVICs; involun-
tary knee extension torque by supramaxi-
mal electrical stimulation (single twitch) at 
rest; VA by the interpolated twitch method 
with electrical stimulation (triplet) in a knee 
extension MVIC; RTD in 0-50, 50-100, and 
100-150ms in explosive knee extension and 
hip flexion contractions.

Knee extension MVIC torque increased 
in both training groups (the increase was 
greater after knee extension training); hip 
flexion MVIC torque increased only after hip 
flexion training. Involuntary knee extension 
torque did not change. Both training groups 
increased knee extension RTD in 0-50 and 
50-100ms. Hip flexion RTD in 50-100ms in-
creased only after hip flexion training. Both 
training groups increased VA; this increase 
was associated with the increase in knee ex-
tension MVIC torque (r = 0.54 – 0.77).

Muscle activation: Electromyography 
(EMG) amplitudes were recorded from the 
rectus femoris (both middle and proximal 
regions) and vastus lateralis (normalized to 
the M wave recorded in the involuntary con-
tractions) and the biceps femoris long head 
(normalized to levels in a knee flexor MVIC).

In the knee extension MVIC, rectus femoris 
EMG increased in both training groups, but 
vastus lateralis EMG increased only after 
knee extension training, and biceps femoris 
EMG did not change in either group. In the 
hip flexion MVIC, rectus femoris EMG in-
creased only after hip flexion training.

Muscle thickness  and pennation angle: 
By ultrasound of the (proximal and distal) 
rectus femoris and vastus lateralis.

Both training groups increased muscle thick-
ness of both regions of the rectus femoris. 
Knee extension training increased muscle 
thickness in the distal region by more than 
in the proximal region. Only knee extension 
training increased vastus lateralis muscle 
thickness.

37 subjects: a hip flex-
ion group (14 males, 
aged 22 ± 2 years), a 
knee extension group 
(12 males, aged 22 ± 3 
years), and a non-train-
ing group (11 males, 
aged 22 ± 4 years)

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     After short-term training of either the hip flexors or the knee exten-
sors, maximum knee extension strength was increased. This increase was partly mediated 
by gains in voluntary activation. Yet, strength gains were still somewhat specific to the 
joint trained. This specificity likely arose due to both neural adaptations and differences in 
(regional) hypertropy.

Subjects in the two training groups trained 3 times per week for 
4 weeks. Each workout = 4 sets of 10 single-leg isometric hip 
flexion or knee extension maximal voluntary isometric contrac-
tions (MVICs) in a dynamometer with the knee joint at 90° and 
the hip joint at 80° (full extension = 0°). Each MVIC was done as 
fast and forcefully as possible, and contractions were sustained 
for 3 seconds each, with a 17-second rest between contractions 
and a 2-minute rest between sets. The non-training group did no 
training.



Analysis

This study discovered that both short-
term periods of hip flexion and knee 

extension isometric training can bring 
about an increase in maximum voluntary 
knee extension strength, and that these 
strength gains were strongly associated 
with the increases in voluntary activation. 
This is a ground-breaking finding, because 
it shows that the neural adaptations that 
contribute to increased strength after train-
ing do not depend on which joint is used 
to train a two-joint muscle. While previous 
studies have shown that high-force isomet-
ric training can increase voluntary activa-
tion (1), these have tested strength and 
voluntary activation using the same joint 
action as used during strength training. 
In contrast, this study demonstrated that 
voluntary activation during a maximal knee 
extension effort can be increased by a hip 
flexion strength training program. 

This discovery is likely to upset advocates 
of visual frameworks of functional train-
ing, who maintain that the functional (i.e. 
specific) effects of training are mediated 
by the way that the exercise looks, rather 
than by the adaptations it causes. Indeed, 
since the hamstrings are also two-joint 
muscles, these findings remove a key ar-
gument against using leg curl (knee flex-
ion) variations for improving hamstrings 
strength to contribute to hip extension. 
Yet, this study did still observe specific 
strength gains according to the joint used 
in training, as shown in the chart below. 
Hip flexion training increased hip flexion 
MVIC torque more, and knee extension 
training increased knee extension MVIC 
torque more. This likely arose partly from 
differences in regional hypertrophy, and 
partly from the involvement of other mus-
cles like the iliopsoas (2) and vastus latera-
lis that only contribute to one joint action.



Analysis

Previous studies have shown that the 
strength gains in an exercise are associ-

ated with changes in regional muscle size, 
and not just increases in the size of the 
muscle overall. For example, increases in 
one repetition-maximum (1RM) back squat 
are associated with increases in muscle 
thickness of the central, but not medial, re-
gion of the vastus lateralis (3). As shown in 
the chart below, knee extension training in-
creased rectus femoris muscle thickness to 
a greater extent in the distal region (near 
the knee) than in the proximal region (near 
the hip). Hip flexion training caused similar 
increases in both distal and proximal re-
gions. In general, it seems that exercises 
involving two-joint muscles do place more 
load on the region of the muscle that is 
closest to the joint producing force.

For example, when training the ham-
strings, knee flexion exercises activate the 
lower region (near the knee) more than hip 
extension exercises (4). The same thing 
has been observed in hip flexion and knee 
extension exercises. Hip flexion exercise 
tends to activate the proximal region more 
than the distal region of the rectus femoris, 
while knee extension tends to activate the 
distal region more (5,6). Long-term muscle 
growth in specific regions is often related 
to the regions that are most activated in an 
exercise (at least when using MRI) (7). It 
therefore makes sense that regional hy-
pertrophy will arise after either hip flexion 
or knee extension strength training, and 
that this will contribute to specific strength 
gains at each joint.



Analysis

There is so much going on in this study 
that it is very easy to miss a number of 

smaller findings. 

Firstly, the neural adaptations contributing 
to increased knee extension MVIC were not 
*identical* between the training groups, 
even though there was clear evidence of a 
large contribution after both types of train-
ing. The association between the relative 
changes in voluntary activation and the 
relative changes in MVIC knee extension 
torque was stronger in the knee extension 
training group (r  = 0.77) than in the hip 
flexion training group (r = 0.54). Moreover, 
in the knee extension MVIC, rectus femoris 
EMG amplitude increased in both training 
groups, but in the hip flexion MVIC, rectus 
femoris EMG amplitude increased only after 
hip flexion training. Together, this suggests 
that small differences in neural adaptations 
likely contributed to the specific strength 
gains after training, in addition to the dif-
ferences in regional hypertrophy.

Secondly, biceps femoris muscle activa-
tion relative to knee flexion MVIC during 
the knee extension MVIC did not change, 
even though knee extensor muscle activa-
tion increased. In other words, antagonist 
activation remained constant, while ago-
nist activation increased, so coactivation 
reduced. This is largely in accordance with 
the findings of previous short-term isomet-
ric strength training programs (1,8,9).

A reduction in coactivation, particular-
ly if the antagonist muscle does not in-
crease activation at all, could contribute 
to increased strength gains. However, 
we should be cautious about extrapolat-
ing from short-term isometric training to 
conventional, dynamic strength training. 
While dynamic strength training programs 
can also reduce antagonist activation (10) 
as an adaptation to unstable conditions, 
programs with shorter durations tend to 
display increases (11), perhaps because 
of an increased need for joint stability as 
strength increases very rapidly in the first 
few weeks. 

Thirdly, when considering the large increas-
es in muscle thickness after training in this 
group of previously-untrained individuals, 
it is worth recalling that the duration of the 
study was only 4 weeks in length. This is 
yet more evidence that meaningful mus-
cle growth occurs very quickly after start-
ing strength training (12), alongside large 
increases in neural drive as measured by 
voluntary activation and EMG amplitudes. 
It seems that we must finally leave behind 
the old idea that early strength gains are 
*first* caused by neural adaptations and 
*then* caused by changes in muscle size. 
The fast strength gains that occur after 
starting a strength training program are 
produced by both neural adaptations and 
hypertrophy (and almost certainly by other 
changes inside the muscle as well).



Analysis

Conclusions
When two-joint muscles are trained at 
one joint, this also increases their abili-
ty to produce force at the other joint as 
well, albeit to a lesser extent. This study 
showed that strength gains over 4 weeks 
were caused by both neural and muscu-
lar adaptations. Increases in voluntary 
activation contributed (largely) similarly 
to strength gains at both joints. Even 
so, there was some evidence of specific 
strength gains at each joint. This speci-
ficity likely arose partly from differences 
in regional hypertrophy, and partly from 
the development of other muscles like 
the iliopsoas (a hip flexor) and the sin-
gle-joint quadriceps, which only contrib-
ute to one or other joint action (hip flex-
ion or knee extension).

Practical implications
When writing training programs to de-
velop two-joint muscles in athletes we 
should not assume that we *always* 
need to load the muscle at the joint used 
in the sporting movement we are trying 
to improve. Rather, we can simply add 
this factor to our existing list of ways 
in which strength gains are specific to 
the type of training performed (muscle 
action, velocity, load, range of motion, 
amount of stability, external load type, 
force vector, and muscle group). Depend-
ing on the athlete and the specific goal 
of the training program, one or more of 
these factors may be more important 
than the others. In contrast, when writ-
ing training programs for bodybuilding, 
we will want to incorporate exercises that 
load the muscle at both joints, in order to 
maximize gains in muscle size in all re-
gions.
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