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Welcome to the November 2017 edition! 
Thank you to all of you who emailed me 
with feedback on the new format last 
month. It is great to hear that the large 
majority of you really like the changes, 
particularly the detailed focus on 10 indi-
vidual studies. This edition follows an al-
most identical format, with only a couple 
of minor stylistic improvements. If you still 
have feedback, please don’t hesitate to get 
in touch. You can easily reach me by email 
chris@strengthandconditioningresearch.com 
or on social media. 

Anyway, the research this month was 
mainly quite practical, with only a couple 
of the studies shedding light on underlying 
mechanisms. 

If you are a strength coach working with 
athletes, you will find that you are proba-
bly justified in cueing neck packing in ath-
letes who display excessive lumbar round-
ing during deadlifts, although we should 
obviously be cautious about providing too 
many internal cues. In contrast, you will 
also discover that the first study explor-
ing the relationship between front-side 
mechanics and sprinting speed in track 
sprinters has *refuted* the theory, both 
for accelerating and for maximum speed 
sprinting. Greater hip and knee extension 
at lift-off is actually better, and not worse, 
which I think makes more sense biome-
chanically, anyway. So you might want to 
stop using cues to increase front-side me-
chanics, if you were doing that.
 
If you are a personal trainer, hypertrophy 
enthusiast, or even a bodybuilder, you will 
certainly appreciate the reviews in this 
edition addressing the factors that affect 
recovery, which determines how often 
you can train a muscle group. Training to 
failure, and using light loads (rather than 
heavy loads) when training to failure, both 
increase the length of time it takes us to 
recover from a workout, so when aiming 
to improve training frequency, avoiding 
failure and using moderate-to-heavy loads 
seems to be the way to go. Additionally, 
you will read how two brand-new studies 
have reopened the debates regarding the 
importance of metabolic stress and muscle 
damage as mechanisms that lead to hyper-
trophy, but I will avoid saying any more on 
that topic, and let you read for yourself...
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Assessing whether recovery takes 
longer after training to failure

Time course of recovery following resistance training 
leading or not to failure. Morán-Navarro, R., Pérez, 
C. E., Mora-Rodríguez, R., de la Cruz-Sánchez, E., 
González-Badillo, J. J., Sánchez-Medina, L., & Pallarés, J. 
G. European Journal of Applied Physiology, 1-13 (2017)

Strength training

Training to failure is known to produce more met-
abolic stress and also involve a greater energy 

demand than stopping a set short of failure. Addi-
tionally, lifters have often reported anecdotally that 
it takes longer to recover from a workout in which 
sets are taken to failure, compared with workouts 
when sets are stopped before reaching failure. 
Yet, the effect of training to failure on the speed of 
recovery from a workout has not previously been 
tested.

Key findings

Training to failure takes longer to recover from, when measured by bar speed and 
particularly by countermovement jump height. It likely also produces more muscle 
damage. Athletes can therefore train more frequently if they avoid failure during a 
strength training set.

https://www.ncbi.nlm.nih.gov/pubmed/28965198


Background



Study review

OBJECTIVE To assess whether a workout involving training to failure takes 
strength-trained males longer to recover from compared with workouts 
involving not training to failure, by reference to performance measures 
and hormone levels, at 0, 6, 24, 48, and 72 hours post-workout.

 

Countermovement jump height 
(CMJH): With an infrared timing system.

CMJH was reduced compared to base-
line tests at 48 hours post-workout after 
training to failure (3 sets of 10 reps with 
10RM) but was only reduced immediately 
post-workout after the other two work-
outs.

Mean propulsive velocity (MPV): With 
a linear velocity transducer during squats 
and bench presses with light and heavy 
loads (light load = load that produced an 
MPV of 1.0m/s at familiarization; heavy 
load = 75% of 1RM at familiarization).

MPV against both light and heavy loads 
in both the bench press and back squat 
was reduced compared to baseline tests 
up to at least 24 hours post-workout 
after training to failure, but there was no 
change in MPV for either the bench press 
or back squat after the other (not to fail-
ure) workouts.

Biochemical measures: From blood 
samples, including serum total testoster-
one (TT), cortisol (C) and growth hor-
mone (GH), serum creatine kinase (CK), 
and ammonia.

CK levels were higher at 6 and 24 hours 
post-workout after trainng to failure, 
compared to after the other workouts. 
Ammonia levels were elevated at 0 and 6 
hours post-workout after training to fail-
ure, but not after the other workouts. 

10 males, aged 21.5 ± 
4.0 years, with 8.2 ± 3.5 
years of strength train-
ing experience, 1RM back 
squat of 105.7 ± 35.2kg, 
1RM bench press of 87.2 
± 15.2kg, and body fat of 
11.9 ± 2.5%

Subjects did 3 workouts, 4 weeks apart. One workout 
was 3 sets of 5 reps with 10RM (75% of 1RM). A second 
workout was 6 sets of 5 reps with 10RM (75% of 1RM). 
A third workout was 3 sets of 10 reps with 10RM (75% of 
1RM), all with 5 minutes rest between sets, for the bench 
press and the back squat, in the Smith machine. A pro-
gressive load test was done to measure 1RM and mean 
propulsive velocity in both exercises at familiarization, 
before baseline tests. 

INTERVENTION

MEASUREMENTS RESULTS

POPULATION

SUMMARY

Training to failure takes strength-trained males 
longer to recover from than workouts involving 
not training to failure, when measured by either 
high-velocity or low-velocity strength tests, and 
also involves more muscle damage.



Analysis

Reduction in MPV and CMJH

The chart above shows the reductions 
in MPV against a heavy load (75% of 
1RM) in the back squat over the 72 hours 
post-workout. A reduction of up to 24 
hours was observed only after the workout 
involving training to failure. Similar results 
were observed for the bench press when 
measured against a heavy load, and also 
for both the back squat and bench press 
when measured against a light load (the 
load that corresponded to a bar speed of 
1.0m/s in the familiarization sessions).

Importantly, the countermovement jump 
was a more sensitive measure than MPV. It 
was reduced post-workout after all work-
outs, and was also reduced up to 48 hours 
after training to failure. This provides fur-
ther support for the widepread use of the 
CMJ as a measure of neuromuscular fa-
tigue and training readiness (1).

Post-workout blood samples

Ammonia levels were elevated at 0 and 6 
hours post-workout after training to fail-
ure, but not after the other workouts. This 
is largely as expected, because training to 
failure involves more metabolic stress and 
blood lactate (2), and ammonia levels are 
quite closely related to blood lactate (3,4).

Interestingly, CK levels were higher at 6 
and 24 hours post-workout after training to 
failure, compared to after the other work-
outs. This is an interesting finding, because 
it provides further evidence that muscle 
damage was greater after training to fail-
ure, compared to after the other workouts. 
High volume (moderate load) workouts 
also require longer to recover from than 
lower volume (heavy load) workouts (5). 
This may suggest that fatigue (caused 
either by higher volumes or taking a set to 
failure) may be inherently damaging to a 
muscle cell.



Commentary
It is often stated that training to failure 
substantially increases hypertrophy after 
training. Yet, this may be overstating its 
benefits somewhat, as recent investiga-
tions have reported no superiority of train-
ing to failure (6,7). Also, training to failure 
may actually have *adverse* effects for 
athletes, by accelerating the loss of type 
IIX fibers (8) and thus reducing gains in 
athletic performance measures like sprint 
speed and jump height, even while pro-
ducing larger gains in muscle size. This is 
because relative strength (strength relative 
to size), particularly in high-velocity con-
tractions, is the key to improving athletic 
performance.

This study provides further support for 
avoiding failure when training athletes, for 
two reasons. Firstly, it shows that training 
to failure requires a longer recovery pe-
riod post-workout before training can be 
performed with baseline strength levels, 
especially when measuring high-veloci-
ty strength as in the countermovement 
jump, perhaps because of the greater time 
required to replenish energy stores (9). 
Thus, athletes will benefit from avoiding 
failure, because they can perform daily at 
the highest level, not just on days that are 
>24 hours after a gym workout.

Secondly, it shows that training to failure 
may produce greater muscle damage than 
avoiding failure. This will likey contribute to 
performance recovery, but will also im-
pact on psychological readiness as well. An 
earlier (not volume-matched) study simi-
larly reported greater creatine kinase levels 
and also found a larger reduction in heart 
rate variability after training to failure (9), 
which suggests that training stress is in-
deed enhanced by greater fatigue.

Muscle damage is commonly associated 
with maximal eccentric contractions, which 
produce substantial disruptions to muscle 
fibers because of the high degree of me-
chanical loading (10). Yet, muscle damage 
can also be caused by light load training to 
failure in conjuction with blood flow re-
striction (BFR) (11,12) and case reports of 
rhabdomyolysis after this type of training 
have been reported (13).

Such muscle damage may arise through 
two mechanisms. Firstly, it may occur in 
the same way as after maximal eccentric 
contractions. Indeed, a close proximity 
to fatigue does produce a high degree of 
mechanical loading on the muscle fibers 
controlled by high-threshold motor units, 
because they are recruited to maintain 
force output while the other muscle fibers 
are fatigued. And the presence of fatigue 
means that the recruited fibers shorten at 
slow speeds (which maximizes mechanical 
loading on the fiber. Secondly, it may oc-
cur because of the sustained excitation-in-
duced influx of calcium ions under condi-
tions of low energy status (14), because 
this situation is exactly what occurs during 
training to failure and BFR training (12).

Conclusions

Training to failure takes longer to recover 
from, likely because of a greater time re-
quired to replenish energy stores, a great-
er training stress, and a larger amount 
of muscle damage. Since the incremental 
benefit of training to failure on muscle size 
may be smaller than previously believed 
and may be disadvantageous for high-ve-
locity strength, it seems to be a suboptimal 
method of training for athletes.
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