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Welcome to the February 2019 edition! 
As promised, I have some exciting 

news to share this month, which is that my 
new book on hypertrophy is now available. 
You can buy it on Amazon here.

If you are not based in the US, you may 
need to copy and paste the book title into 
the search box of the Amazon website of 
your home country. Unfortunately, I cannot 
easily provide a single direct link that will 
work for everyone in every country in the 
world at the moment! Anyway, I hope you 
manage to get a copy and I look forward 
to hearing what you think, and answering 
your questions in my monthly threads.

There is a lot about central nervous system 
(CNS) fatigue in this edition. CNS fatigue 
involves a reduction in force production 
during an exercise because of a failure to 
recruit the highest threshold motor units. 
CNS fatigue occurs normally both during 
and after exercise, especially when the 
exercise is aerobic in nature or causes a 
great deal of muscle damage.

In my hypertrophy book, I predicted that 
we would soon discover that the so-called 
“interference effect” was actually the result 
of CNS fatigue caused by aerobic exer-
cise being performed too close to strength 
training workouts, and a study reviewed in 
this edition supports that view. 

Also in my hypertrophy book, I explained 
that short rest period durations probably 
cause less muscle growth than longer rest 
periods because they involve commencing 
the next set before CNS fatigue has dissi-
pated. Some people have argued against 
this idea, suggesting that CNS fatigue dis-
sipates quickly (in less than a minute) after 
each set. However, in a study reviewed in 
this edition, CNS fatigue was still present 
10 minutes after a set had been concluded, 
showing that this mechanism is a perfectly 
valid explanation for the phenomenon. 

https://www.amazon.com/gp/product/B07MPCKPRF/ref=dbs_a_def_rwt_bibl_vppi_i1
https://www.patreon.com/posts/january-2019-23618365
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Click HERE to view on Amazon
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https://www.amazon.com/gp/product/B07MPCKPRF/ref=dbs_a_def_rwt_bibl_vppi_i1


Assessing the effects of Nordic curls 
on sprint running ability

Acute adaptations and subsequent preservation of strength and speed mea-
sures following a Nordic hamstring curl intervention: a randomised controlled 
trial. Siddle, J., Greig, M., Weaver, K., Page, R. M., Harper, D., & Brogden, C. M. 
(2018). Journal of Sports Sciences, 1-10.

Sprinting is a complex, cyclical movement that 
involves accelerating to a high running speed and 

then maintaining that speed for as long as possible. 
The exact muscular contributions to the sprinting 
movement are unclear. Given the frequent occur-
rence of hamstrings strains, it is likely that energy 
absorbed at the knee in the second half of the swing 
phase is a key factor that contributes to athletes 
achieving faster running speeds. Eccentric training 
seems to improve the ability of muscles to absorb 
energy through several mechanisms. 

Key findings
When performed by amateur team sports athletes, Nordic hamstring curls improved 
change of direction (COD) ability and short distance linear sprinting ability, and caused a 
large increase in eccentric hamstrings strength. Three weeks of detraining did not remove 
the beneficial effects of training on change of direction ability or linear sprinting perfor-
mance, but gains in eccentric hamstrings strength were reversed.

Practical implications
Nordic curls improve sprinting performance, and change of direction ability (when mea-
sured in a test that involves 10m linear sprint sections). Detraining causes losses of ec-
centric strength without similarly large losses in sprint running ability, likely because 
passive structures contribute more to high-velocity eccentric strength than low-velocity 
eccentric strength and these adaptations are lost more slowly during detraining.
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OBJECTIVE To assess the effects of Nordic hamstring curl eccentric training on 
changes in linear sprint time, change of direction (COD) time, and ec-
centric hamstrings strength, in team sports athletes.

 

Change of direction (COD) time: By a 
20m 180° test (10m out and 10m back), 
measured by one single-beam timing gate 
at the start line.

The training group achieved significantly 
greater improvements in COD time than the 
control group when measured from baseline 
to immediately after training (Cohen’s d = 
2.17) and also when measured from base-
line to after detraining (Cohen’s d = 1.38).

Linear sprint time: By 10m linear sprint 
time measured by a pair of single-beam tim-
ing gates.

The training group achieved significantly 
greater improvements in 10m linear sprint 
time compared to the control group when 
measured from baseline to immediately 
after training (Cohen’s d = 1.78) and also 
when measured from baseline to after de-
training (Cohen’s d = 1.17).

Eccentric hamstrings strength: By 1-leg 
knee flexion eccentric isokinetic knee flexion 
torque at 180°/s using a dynamometer, with 
the hip at 90° of flexion.

The training group achieved significantly 
greater improvements in eccentric ham-
strings strength compared to the control 
group when measured from baseline to im-
mediately after training (Cohen’s d = 2.55). 
There was a reduction in eccentric ham-
strings strength during the detraining period 
such that the improvement measured from 
baseline to after detraining was not signifi-
cantly different between the training and 
control groups.

16 amateur male soccer 
and rugby athletes, allo-
cated to a training group 
(8 subjects, aged 20 ± 
1.6 years) or a control 
group (8 subjects, aged 
21 ± 1.6 years)

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     When performed by amateur team sports athletes, Nordic hamstring 
curls improve change of direction ability and short distance linear sprinting performance, 
in conjunction with a large increase in eccentric hamstrings strength. A detraining period 
of 3 weeks did not remove the beneficial effects of training on change of direction ability 
or linear sprinting performance, but gains in eccentric hamstrings strength were reversed.

Subjects were monitored over a 6-week training period and a sub-
sequent 3-week detraining period. Subjects in the training group 
did 2 workouts per week comprising 2 – 3 sets of 5 – 10 reps of 
the Nordic hamstring curl exercise, in addition to normal condi-
tioning exercise sessions and match play. Subjects in the control 
group just performed normal conditioning exercise sessions and 
match play.



Analysis

This study reported that when Nordic 
hamstring curl training is done by team 

sports athletes, there are improvements in 
change of direction (COD) ability and short 
distance linear sprinting performance, in 
addition to a large increase in eccentric 
hamstrings strength. 

The researchers also found that a subse-
quent detraining period of 3 weeks did not 
remove the beneficial effects of training on 
COD ability or linear sprinting performance, 
but a substantial proportion of the gains 
made in eccentric hamstrings strength 
were reversed. 



Analysis

Although some strength coaches remain 
skeptical of Nordic hamstring curls 

because they are a single-joint exercise, 
this study supports the findings of other 
research showing increases in linear sprint-
ing performance after long-term strength 
training with eccentric leg curl exercises 
(1,2). It seems likely that these improve-
ments occur because of the role of the 
hamstrings in absorbing kinetic energy 
during the sprinting gait cycle.

At the end of the swing phase of the sprint-
ing gait cycle, athletes need to decelerate 
the thigh and the shank as they swing for-
wards into hip flexion and knee extension. 
The segments have rotational kinetic ener-
gy about the hip and knee, which must be 
completely absorbed before the segments 
can be rotated in the opposite direction. 
The sprinter decelerates the segments by 
producing hip extension and knee flexion 
net joint moments. 

Energy absorption is equal to negative 
work done. In a rotating system, this can 
be calculated as the net joint moment 
(NJM) multiplied by the angular range of 
motion (ROM) over which the NJM is ap-
plied. Research has shown that energy ab-
sorbed at the knee joint during the swing 
phase of the sprinting gait cycle is nearly 
perfectly associated with running speed, 
and it increases substantially with increas-
ing running speed (3,4). 

In other words, how fast a sprinter runs is 
very closely linked to how much negative 
work can be done by the hamstrings mus-
cle-tendon unit (MTU) to produce a knee 
flexion NJM through a joint angle ROM. 
Clearly, a sprinter can increase the amount 
of energy absorbed by either increasing the 
size of the NJM, or by increasing the ROM 
over which the NJM is applied. 

The size of the NJM is determined by how 
much force the hamstrings MTU can exert 
while performing fast lengthening in a cy-
clical, stretch-shortening cycle movement. 
The ROM over which the NJM is applied 
is determined by the point at which the 
sprinter begins decelerating the segments. 
This is clearly an iterative function depend-
ing on how much positive work was done in 
the first half of the swing phase.

Essentially, this means that a sprinter will 
always regulate the speed of the sprinting 
gait cycle, such that the kinetic energy pro-
duced in the first half of the swing phase 
is absorbed in the second half. By cutting 
the first half of the swing phase shorter, 
the kinetic energy produced is reduced, 
while the available joint angular range of 
motion for absorbing kinetic energy in the 
second half is increased. This is why both 
hip flexor positive work done in early swing 
and knee flexor negative work done in late 
swing are similarly closely associated with 
running speed (3,4).



Analysis

Eccentric strength can be increased after 
eccentric training by alterations inside 

the central nervous system (CNS) and in 
the muscle-tendon unit (MTU). Alterations 
in the CNS increase  eccentric strength by 
increasing voluntary activation (motor unit 
recruitment) through both spinal and su-
praspinal mechanisms (5). This increased 
voluntary activation can be used regard-
less of whether the muscle is used to per-
form hip extension or knee flexion, and is 
therefore independent of the movement 
pattern (6). Consequently, Nordic curls can 
increase the motor unit recruitment levels 
of the hamstrings during the sprinting gait 
cycle, even though they are a slow, sin-
gle-joint exercise, and sprint running is a 
fast, multi-joint movement pattern.

Increases in eccentric strength after eccen-
tric training result from adaptations that 
occur after all types of strength training, 
such as increases in muscle fiber size (7) 
and lateral force transmission (7,8,9), as 
well as from factors unique to eccentric 
training, such as increases in titin content 
or changes in titin isoform (10,11), and 
increases in collagen content or changes in 
collagen type or structure (12,13). Since 
they are not under the control of the CNS, 
except through recruitment of motor units, 
these factors contribute to force production 
regardless of the movement pattern. Con-
sequently, when these adaptations occur 
after Nordic curl training, they can enhance 
the ability of the hamstrings MTU to exert 
force during the sprinting gait cycle. 



Analysis

Importantly, eccentric strength displays a 
relatively flat force-velocity profile, such 

that both fast and slow lengthening speeds 
involve similar levels of force. However, 
this does not mean that the actin-myosin 
crossbridges contribute the same force 
at all lengthening speeds. In fact, the ac-
tin-myosin crossbridges of a muscle fiber 
seem to produce less force when lengthen-
ing speeds are faster, just like during fast 
shortening, albeit to a lesser extent. In 
contrast, the passive elements inside the 
muscle fibers (such as collagen and titin) 
produce more force, because they have 
viscoelastic properties (14).

Therefore, the changes that occur to the 
passive elements of the muscle fibers 
will contribute to a greater extent during 
fast muscle lengthening (as occurs during 
sprint running) than during slow muscle 
lengthening (as occurs during the Nordic 
hamstrings curl, and also during isokinetic 
tests of strength). This likely explains why 
it is possible for eccentric strength mea-
sured by the isokinetic strength test to 
reduce quickly during the detraining peri-
od, even while the gains in sprint running 
performance and change of direction ability 
were maintained. Although the eccentric 
isokinetic strength test used in this study 
was moderately fast (180o/s), knee angular 
velocities attained during the swing phase 
of sprint running are most likely a great 
deal faster (15).

During detraining, muscle fiber size reduc-
es faster than all other adaptations, while 
increased levels of motor unit recruitment 
are maintained for a very long time after 
cessation of training (16). Changes in pas-
sive tissue properties, such as tendon stiff-
ness (and probably therefore also collagen 
and titin stiffness) are lost at a more mod-
erate rate (16). Consequently, it seems 
likely that during the 3-week detraining 
period in this study, there was a rapid loss 
of muscle fiber size, which contributed to 
a large reduction in eccentric strength as 
measured by the isokinetic strength test. 
However, since sprinting involves a faster 
joint angular velocity, and since the adap-
tations in collagen and titin were lost at a 
slower rate, the gains in sprint running and 
change of direction (COD) performance 
were maintained throughout detraining.

This study was the first to identify an im-
provement in COD ability after eccentric 
hamstrings strength training, which was 
somewhat unexpected given that COD abil-
ity is believed to be a more quad-dominant 
movement. However, the COD test used 
in this study still involved two segments 
of 10m linear sprinting, and was therefore 
likely affected quite substantially by any 
improvements in linear sprinting ability, to 
which the increased hamstrings eccentric 
strength would have contributed quite sub-
stantially.



Analysis

Conclusions
When performed by amateur team 
sports athletes, Nordic hamstring curls 
improved change of direction (COD) 
ability and short distance linear sprint-
ing ability, and caused a large increase 
in eccentric hamstrings strength. Three 
weeks of detraining did not remove the 
beneficial effects of training on change of 
direction ability or linear sprinting perfor-
mance, but gains in eccentric hamstrings 
strength were reversed.

Practical implications
Nordic curls improve sprinting perfor-
mance and change of direction ability 
(when measured in a test that involves 
10m linear sprint sections). Detraining 
causes losses of eccentric strength with-
out similarly large losses in sprint running 
ability, likely because passive structures 
contribute more to high-velocity eccen-
tric strength than low-velocity eccentric 
strength, and these adaptations are lost 
more slowly during detraining.
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