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Welcome to the January 2019 edition! 
By the time you read this, the final 

manuscript of my second book will have 
come back from the proofreader and I will 
be getting ready to upload it to Amazon. If 
you have not read the first one yet, please 
grab your copy here.

This month, the strength training section 
kicks off with an exciting investigation that 
compares the recovery rates of strength-
trained males and females. The results 
may surprise you, since it is often stated 
that females recover faster than males, but 
the opposite was reported in this study.

In the athletic performance section this 
month, I have done a detailed review of 
a new sprinting study that has been the 
subject of some debate on social media. 
The researchers took measurements while 
two groups of athletes did a maximum 
effort sprint over 60m. They found that at 
the same horizontal running speeds (and in 
the same ground contact times), the faster 
sprinters displayed greater horizontal pow-
er, greater horizontal propulsive impulse, 
smaller braking impulse, and a far more 
horizontally-directed force vector than the 
slower athletes. This happened because 
the faster sprinters were accelerating at 
this speed, while the slower athletes were 
nearly at maximum speed.

The research in the hypertrophy section 
this month is very varied, but includes two 
studies exploring the effects of blood flow 
restriction (BFR) strength training, which 
is both a useful model for understanding 
metabolic stress (if such a thing exists) 
and also a fascinating strength training 
method in itself, which may have unique 
effects beyond those of simply training with 
light weights. Other research in this section 
explored the role of androgen receptors 
in hypertrophy, and the effects of training 
status on post-workout signaling.

https://www.amazon.com/Strength-Specific-optimal-strength-training-ebook/dp/B07FGG4LNC/ref=asap_bc?ie=UTF8
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Comparing the recovery rates of 
strength-trained males and females

Sex Differences in the Temporal Recovery of Neuromuscular Function Following 
Resistance Training in Resistance Trained Men and Women 18 to 35 Years. Da-
vies, R. W., Carson, B. P., & Jakeman, P. M. (2018). Frontiers in Physiology, 9.

Strength training workouts lead to fatigue, which 
comprises both central and peripheral elements. 

After a workout, it can therefore take several days 
for strength to recover, which has implications for 
setting training frequency in a training program. 
Males and females display different levels of fatigue 
resistance during a workout, with females typically 
being able to perform a higher workload for a given 
percentage of their maximum strength. However, 
whether males and females recover at different 
speeds from a workout is less clear. 

Key findings
In strength-trained males and females with similar strength relative to lean body mass, 
females take longer to recover from a given lower body workout than males, albeit this is 
only observed when taking concentric strength measurements. There were no sex differ-
ences in respect of the recovery of isometric or eccentric strength.  

Practical implications
Females likely take longer to recover from a workout than males because they are able 
to reach higher levels of peripheral fatigue during each set performed to muscular failure, 
which leads to greater muscle damage. Practically, this could be managed by either train-
ing with one more repetition in reserve, or by altering training frequency.



Background



 

OBJECTIVE To compare the rate of recovery between strength-trained males and 
females after a back squat workout.

 

Relative strength: By 1RM back squat 
and lean body mass, by whole-body, dual 
energy X-ray absorptiometry (DEXA).

Males had a 1RM back squat of 1.9 ± 0.2 times 
lean body mass, and females had a 1RM back 
squat of 1.8 ± 0.3 times lean body mass.

Maximum strength: By maximum 
voluntary concentric, isometric, and 
eccentric knee extension torques in an 
isokinetic dynamometer. Concentric and 
eccentric torques were tested at 90o/s.

Males displayed significant decreases in con-
centric strength up to 48 hours, but females 
displayed significant reductions up to 72 hours. 
Males and females displayed significant reduc-
tions in isometric strength only up to 4 hours. 
Males and females both displayed significant 
reductions in eccentric strength up to 48 hours.

Countermovement jump (CMJ) 
height: By an infrared jump testing sys-
tem.

Males displayed significant reductions in CMJ 
height up to 48 hours, while females displayed 
significant reductions in CMJ height up to 72 
hours. Females displayed significantly greater 
reductions in CMJ height than males at 4, 24, 
48, and 72 hours.

Muscle damage markers: By creatine 
kinase (CK) levels, from venous blood 
samples.

CK levels significantly increased at 24 hours for 
both males and females, without differences 
between the sexes. 

Muscle pain: By feelings of lower body 
muscle pain after 3 bodyweight squats, 
on a visual analog scale (VAS).

Muscle pain significantly increased from 4 to 
72 hours in both males and females. The only 
significant difference between sexes was at 4 
hours post-workout, at which point females re-
ported greater muscle pain than males.

11 males, aged 23 ± 3 
years, and 8 females, 
aged 24 ± 4 years, with 
similar relative strength 
levels, and similar dura-
tions of strength training 
experience 

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     In strength-trained males and females with similar strength relative 
to lean body mass, females take longer to recover from a given lower body workout than 
males, albeit this is only observed when taking concentric strength measurements. There 
were no sex differences in respect of the recovery of isometric or eccentric strength. 

Subjects performed a workout comprising 5 sets of 5 reps of the 
barbell back squat with 80% of 1RM and 90 seconds rest between 
sets, followed by 1 additional set to muscular failure. The tempo 
was set as 6 seconds per repetition (individual concentric and ec-
centric tempos were not prescribed).



Analysis

This study reported that in strength-
trained males and females with similar 

strength relative to lean body mass, fe-
males take longer to recover from a given 
lower body workout than males, albeit this 
is only observed when taking concentric 
strength measurements.

Although it is often believed that females 
recover more quickly than males, this find-
ing is supported by previous work, which 
has found greater reductions in concentric 
plantarflexion strength (and in isometric 
rate of force development) in untrained 
females than in untrained males (1).



Analysis

This study reported that there were no 
significant differences in the rate of 

strength recovery from a workout when the 
measures involved maximum isometric or 
maximum eccentric force production. Also, 
there were no differences in the elevations 
in creatine kinase levels.

There was a difference in muscle pain 
between sexes, but this only occurred at 
4 hours post-workout, and there were no 
differences at later time points, where sig-
nificant differences in concentric strength 
occurred, indicating that muscle pain is not 
a reliable measure of strength recovery. 



Analysis

In this study, the researchers controlled 
for various factors that are known to 

affect the rate of recovery from a work-
out, including the muscle group (2) and 
the amount of strength training experience 
(3) both by reference to self-reported du-
ration of time spent training and also by 
reference to strength relative to lean body 
mass, on the basis that sex differences in 
strength are largely explained by muscle 
mass differences (4). Even so, there are 
likely other differences between individu-
als that might have influenced the results, 
both genetic and environmental (5). How-
ever, such differences might be expected 
to be represented to a similar extent within 
the groups of males and females.

The reasons for the difference in the rate 
of strength recovery between males and 
females are unclear. Previous research in 
untrained subjects also found a difference, 
and measured both voluntary and involun-
tary strength, which allows us an insight 
into the mechanisms (1). Importantly, this 
previous research found a sex difference 
despite not recording any central nervous 
system (CNS) fatigue, which suggests that 
sex differences in strength recovery that 
last longer than a couple of hours occur 
due to greater muscle damage, although 
that does not preclude the possibility of 
CNS fatigue also playing a role in the cur-
rent study.

Several studies have shown that when we 
perform exercise that involves a smaller 
amount of muscle mass, we can tolerate 
greater local muscular fatigue than when 
we perform exercise that involves a larg-
er amount of muscle mass (6,7,8). When 
performing exercise that involves a larger 
amount of muscle mass, we tend to expe-
rience greater CNS fatigue, and therefore 
stop before reaching as high a level of 
periperhal muscular fatigue. Similarly, pre-
vious research has found that males tend 
to terminate exercise earlier than females 
(9), due to reductions in voluntary activa-
tion, indicating greater CNS fatigue (10). 
Therefore, it seems that whenever the 
amount of muscle mass is greater, the like-
lihood of CNS fatigue is higher. Conversely, 
people with less muscle mass are more 
likely to tolerate greater peripheral fatigue 
before stopping a set of an exercise.

Although it is often believed that muscle 
damage occurs as a result of high-force, 
lengthening contractions, it actually also 
occurs due to the accumulation of calcium 
ions that happens during very fatiguing 
contractions (11). Therefore, it is possible 
that by tolerating greater peripheral fatigue 
as a result of having less lean body mass 
(in absolute terms), the females also expe-
rienced more muscle damage in the work-
outs, even though every subject trained to 
failure in the final set.



Analysis

Conclusions
In strength-trained males and females 
with similar strength relative to lean 
body mass, females take longer to recov-
er from a given lower body workout than 
males, albeit this is only observed when 
taking concentric strength measure-
ments. There were no sex differences in 
respect of the recovery of isometric or 
eccentric strength. 

Practical implications
Females likely take longer to recover 
from a workout than males because they 
are able to reach higher levels of periph-
eral fatigue during each set performed to 
muscular failure, which leads to greater 
muscle damage. Practically, this could 
be managed by either training with one 
more repetition in reserve, or by altering 
training frequency.

The differences in the rate of recovery 
between maximum concentric strength 

and countermovement jump (CMJ) height 
on the one hand, and maximum isometric 
and eccentric strength on the other, are 
difficult to understand. It is well-known 
that CMJ height is a sensitive measure of 
the state of lower body strength recovery. 
Even so, some studies have found that 
the reactive strength index (RSI) in drop 
jumps is a good indicator of the amount 
of muscle damage that has been experi-
enced in a workout (12 – 16). Eccentric 
strength measures might be expected to 
better reflect the amount of post-workout 
muscle damage that has been experienced, 
since they are more limited by the ability 
of muscle fibers to produce both active and 
passive tension, and the passive elements 
are damaged after muscle-damaging exer-
cise (17,18). 

However, the careful comparison in this 
study between the recovery rates of the 
various measures of maximum strength 
suggest that the damage to the passive 
elements is not a major contributor to loss-
es in force production, and that the main 
effect is to reduce the capacity to produce 
active force. It seems that the scaffolding 
work that occurs during the initial stages 
of muscle damage repair to permit muscle 
fibers to continue transmitting force to the 
tendon (19) is largely effective for main-
taining passive tension. The reduction in 
active force might result from impaired ex-
citation–contraction coupling function, as a 
result of reduced calcium ion release (20). 
The substantial reductions in RSI observed 
in other studies might therefore be ex-
plained by impaired force production in the 
jumping phase, rather than in the previous 
landing phase.
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