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Welcome to the December 2018 edi-
tion! There is a great deal of new 

research here for strength coaches working 
with athletes, as well as for bodybuilding 
enthusiasts. 

This month, the strength training section 
starts out with a study that is the final nail 
in the coffin for the idea that hypertrophy 
only happens after several weeks or even 
months of strength training. Even when 
recording muscle growth using MRI scans, 
and after waiting 96 hours after the work-
out to avoid the risk of muscle swelling 
interfering with the results, the researchers 
found hypertrophy after just 5 workouts.

Other studies in the strength training sec-
tion covered the roles of velocity-specificity 
and contraction mode-specificity for ath-
letes. These studies provide more support 
for training muscles at the same velocity 
and using the same contraction mode as 
they are used in a sporting movement.

In the athletic performance section this 
month, the studies covered were again 
quite important, and yet will probably not 
receive a great deal of media attention. 
These studies show the value of using an 
external focus of attention during sprinting 
(most coaches have traditionally always 
used internal cues, to modify mechanics) 
and explore the role of countermovement 
depth on jumping performance.   

In the hypertrophy section, the research 
this month is controversial. One study 
found that the optimal training frequency 
differs between individuals (which I have 
been saying for a long time, since it has a 
clear biological rationale). A second looked 
at the role of exercise order on muscle 
growth. The third confirmed that muscle 
growth after light- and heavy-load strength 
training is not fiber type-specific. Last but 
not least, the final study adds fuel to the 
dose-response of training volume debate.
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Recording muscle growth after only 
two weeks of flywheel squat training 

Early Functional and Morphological Muscle Adaptations During Short-Term 
Inertial-Squat Training. Illera-Domínguez, V., Nuell, S., Carmona, G., Padullés 
Riu, J. M., Padullés, X., Lloret, M., & Cadefau, J. A. (2018). Frontiers in Physiol-
ogy, 9, 1265.

The squat exercise is a common feature of 
strength and conditioning training programs, 

but the loading that can be used is limited to the 
maximum load that can be lifted in the concentric 
phase. Since we are approximately 30% stronger 
in the eccentric phase than in the concentric phase, 
this usually leaves the muscles less stimulated while 
lengthening than while shortening. Inertial flywheels 
allow greater forces to be produced in the eccentric 
phase of the same rep, and are therefore becoming 
commonplace in strength and conditioning.

Key findings
Flywheel squat strength training causes thigh muscle growth after 5 workouts (2 weeks).
Measurements were taken at least 96 hours after the last workout to avoid the influence 
of swelling due to muscle damage. The largest increases in muscle size were observed in 
the knee extensors (quadriceps), but the adductors also displayed hypertrophy.

Practical implications
The squat is primarily a quadriceps exercise, although the adductors are also trained ef-
fectively. The flywheel squat may differ slightly in its effects from the conventional barbell 
squat, insofar as it seems to develop the rectus femoris and hamstrings unexpectedly ef-
fectively. The flywheel squat produces effects associated with both eccentric and conven-
tional strength training, and causes similar strength gains in both contraction modes.



Background



 

OBJECTIVE To measure changes in maximum strength and muscle size after 2 and 
4 weeks of inertial flywheel squat strength training, in previously un-
trained subjects.

 

Maximum strength: By squat (concentric 
and eccentric) force in the flywheel squat, 
and by maximum voluntary isometric con-
traction (MVIC) knee extension (lying supine 
with the knee flexed to 90o) and knee flex-
ion (lying prone with the knee flexed to 45o) 
forces, using a strain gauge.

After 4 weeks of training, concentric and ec-
centric squat force increased significantly by 
32% and 31%, respectively. Knee extension 
MVIC increased significantly (by 28%) after 
training, but knee flexion MVIC did not.

Muscle size: By muscle volumes measured 
by magnetic resonance imaging (MRI) scans 
of the thighs. Measurement of the adductors 
comprised the adductor magnus, longus, and 
brevis, and the pectineus. MRI scans were 
performed >96 hours after the last workout.

All of the thigh muscles measured (see the 
chart on the next page) increased in volume 
after both 2 and 4 weeks, except for the 
semimembranosus.

Muscle activation: By T2 shifts recorded 
by functional magnetic resonance imaging 
(fMRI) scans before and immediately after a 
single squat workout.

The gluteus maximus, rectus femoris, vas-
tus intermedius, vastus medialis, vastus 
lateralis, and adductor magnus displayed 
positive T2 shifts after a single squat work-
out, but the gracilis, biceps femoris long 
and short heads, semitendinosus, and semi-
membranosus displayed negative shifts.

Relationship between regional muscle 
activation and regional hypertrophy: By 
T2 shifts and regional muscle cross-sectional 
area, recorded by MRI scans.

There were no significant correlations be-
tween regional muscle activation recorded 
using T2 shifts and regional hypertrophy re-
corded by reference to changes in regional 
cross-sectional area using MRI scans.

10 previously untrained 
but recreationally active 
subjects (8 males and 2 
females), aged 23.4 ± 
4.1 years

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     Flywheel squat strength training causes thigh muscle growth after just 
5 workouts (2 weeks). Measurements were taken >96 hours after the last workout to 
avoid the influence of swelling due to muscle damage. The largest increases in muscle size 
were observed in the knee extensors (quadriceps), but the adductors also displayed hy-
pertrophy, likely because of the key role of the adductor magnus in the squat movement.

Subjects did 10 workouts over a 4-week period (2 – 3 workouts 
per week). Each workout comprised 5 sets of flywheel half squats 
(to a 90o knee angle), with 3 minutes rest between sets. Each set 
comprised 3 submaximal reps to accelerate the flywheel, followed 
by 10 maximal reps, with each concentric phase being performed 
with maximum effort.



Analysis

This study reported that flywheel squat 
strength training caused thigh muscle 

growth after just 5 workouts (2 weeks). 
Importantly, measurements of muscle size 
were taken at least 96 hours after the last 
workout to avoid the influence of swelling 
due to muscle damage.

Traditionally, it was believed that muscle 
size only increased after many weeks of 
strength training, and that early gains in 
strength could be attributed solely to ad-
aptations occurring in the central nervous 
system. While it is very likely that very 
substantial improvements do occur in both 
motor learning and motor unit recruitment 
in the first few weeks of a strength train-
ing program, it is becoming increasingly 
clear that meaningful muscle growth is also 
achieved during this period (1).  

Muscle swelling that occurs secondary to 
muscle damage can give the appearance of 
hypertrophy (2). Measuring muscle size too 
close to the final workout of a training pro-
gram can therefore overstate the amount 
of muscle growth that has occurred. Yet, 
the exact length of time that is necessary 
to wait before performing measurements 
is unclear. Some studies indicate that 
muscle swelling reduces quickly over the 
24 hours after a workout, and returns to 
baseline at 48 hours (3,4). Other studies 
have found that swelling is still present at 
48 hours after the workout (5). Since the 
amount of post-workout muscle damage 
differs according to the type of workout, 
training status, and other factors that differ 
between individuals (6,7,8), the optimal 
length of time may vary substantially.  



Analysis

Although the squat involves extension 
of the hip, knee, and ankle, the knee 

extensors are worked the hardest. While 
the squat may appear to require a similar 
contribution from the hip and knee exten-
sors, simultaneous activation of the hip 
and knee extensors requires the knee ex-
tensors to increase the amount of muscle 
force they produce and the hip to decrease 
the amount of muscle force they produce 
to create the same net joint moments (9), 
most likely because the activation of the 
hamstrings produces an antagonist muscle 
force at the knee (10). 

Consequently, it is unsurprising that this 
study reported greater quadriceps hy-
pertrophy than hip extensor hypertrophy 
(adductors and hamstrings), although the 
gluteus maximus was not measured. Also, 
it is not surprising that the adductors in-
creased in size to a greater extent than the 
hamstrings. Electromyography reseach has 
shown that the adductor magnus functions 
as a key hip extensor (11), and analysis 
of the internal moment arm lengths and 
subsequent musculoskeletal modeling has 
demonstrated that the adductor magnus is 
perhaps the most important hip extensor in 
the squat, while the gluteus maximus and 
hamstrings play lesser roles (12). There-
fore, we should expect hypertrophy of 
the adductors, which include the adductor 
magnus, after strength training involving 
the squat or any hip extension exercise.

In contrast, the hamstrings are thought to 
be worked to a much lesser extent by the 
squat. Although they do lengthen slightly 
in the combined hip and knee extension 
movement (13), they lengthen less than 
the quadriceps, and are less active (14). 
Musculoskeletal modeling indicates that 
they play a small role, however (12). This 
may explain the small amount of hypertro-
phy (without any increase in knee flexion 
strength) recorded in this study. Yet, it is 
possible that the nature of the squat used 
in this training program was responsible 
for the results recorded. During flywheel 
squats, it is common for trainees to resist 
the downward movement in a hinge pat-
tern instead of a squat pattern, as this al-
lows more force to be exerted. Using such 
a hinge pattern could have caused greater 
load to be placed upon the hamstrings than 
would have occurred in a normal barbell 
squat, although this is speculative.

The rectus femoris hypertrophy record-
ed in this study was surprising. Previous 
research has failed to report any muscle 
growth of this two-joint knee extensor af-
ter squat training (15,16). Moreover, mus-
culoskeletal modeling suggests that the 
muscle has no internal moment arm in the 
movement and cannot contribute to knee 
extension (12). Again, it is possible that 
this result could be attributed to the unique 
features of the flywheel squat.



Analysis

Conclusions
Flywheel squat strength training causes 
thigh muscle growth after 5 workouts 
(2 weeks). Measurements were taken 
at least 96 hours after the last workout 
to avoid the influence of swelling due to 
muscle damage. The largest increases in 
muscle size were observed in the knee 
extensors (quadriceps), but the adduc-
tors also displayed hypertrophy, which is 
likely due to the key role of the adductor 
magnus in the squat movement.

Practical implications
The squat is primarily a quadriceps ex-
ercise, although the adductors are also 
trained effectively. The flywheel squat 
may differ slightly in its effects from the 
conventional barbell squat, insofar as it 
seems to develop the rectus femoris and 
hamstrings unexpectedly effectively. The 
flywheel squat produces effects associ-
ated with both eccentric and convention-
al strength training, and causes similar 
strength gains in both contraction modes.

Many studies have reported that region-
al muscle growth occurs after strength 

training, and this is now widely accepted. 
In particular, it has been established that 
muscle growth occurs to a greater extent 
in the distal part of a muscle after eccen-
tric training, and to a greater extent in the 
proximal or middle parts of a muscle after 
concentric training (17). This study used 
an inertial flywheel, which places a greater 
eccentric load on the muscle compared to 
normal strength training. Consequently, it 
was unsurprising that the vastus medialis 
tended to achieve greater muscle growth 
in the distal region (15%) than in the prox-
imal region (9%), particularly since this 
muscle functions even more on the de-
scending limb of the length-tension rela-
tionship than the other quadriceps (18). 
Such changes likely reflect greater increas-
es in muscle fiber length, than in muscle 
fiber diameter. 

However, even though regional muscle 
growth was observed, this was not asso-
ciated with the regional muscle activation 
recorded by MRI scans, as in some pre-
vious research (19,20). This discrepancy 
could be explained by the exact cause of 
the regional hypertrophy. It is thought that 
regional muscle growth can occur due to 
either [A] differences in the proportional 
amount of muscle growth that occurs from 
increases in fiber length or fiber diame-
ter (which is likely what happened in this 
study) or [B] the activation of different 
parts of a muscle to produce force at dif-
ferent joint angles or in different directions 
at a joint during an exercise. It may not be 
possible to link the former mechanism to 
regional muscle activation in an exercise, 
because this effect results from regional 
muscle fiber length changes (and not acti-
vation), but we should be able to link the 
latter, since it must arise from activation.
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