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Welcome to the April 2018 edition!  As 
always, the edition is divided into 

three parts. It starts with reviews of stud-
ies of general strength training, moves 
onto reviews of investigations into athletic 
performance, and finishes with a detailed 
section on hypertrophy.

This month includes surprising studies in 
every section, some of which you will have 
probably already seen being discussed on 
social media. Yet, some others will almost 
certainly have flown under your radar, as 
their importance is not immediately ob-
vious until we explore the findings in the 
context of previous research.

The lead article in this edition covers my 
favorite subject – the specific nature of 
strength gains and their transfer to sports 
performance. The researchers compared 
the effects of weighted and unweight-
ed vertical jump training, and found that 
weighted jump training caused greater in-
creases in muscle mass and fascicle length, 
and this in turn produced larger improve-
ments in change of direction and sprinting 
abilities. In contrast, weighted jump train-
ing caused greater increases in pennation 
angle, and this led to superior improve-
ments in vertical jump height. I think that 
transfer happens between strength training 
and sporting movements because each ex-
ercise and type of training produces slight-
ly different combinations of adaptations, 
and these adaptations are what determines 
the degree of transfer. Happily, this study 
fit perfectly into that framework. 

In the hypertrophy section, there are many 
great studies. Perhaps the most fascinating 
shows that applying blood flow restriction 
(BFR) twice per week can cause muscle 
growth in a rodent model, even without 
any muscular contractions! So the idea 
that metabolic stress can produce muscle 
growth independently of mechanical load-
ing is still alive and kicking. 
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Comparing the effects of weighted 
and unweighted jump training

Specific Adaptations in Performance and Muscle Architecture After Weighted 
Jump-Squat vs Body Mass Squat Jump Training in Recreational Soccer Players. 
Coratella, G., Beato, M., Milanese, C., Longo, S., Limonta, E., Rampichini, S., & 
Ipswich, U. (2018). The Journal of Strength & Conditioning Research.

A wealth of literature has shown that strength 
training has specific effects according to the type 

of program performed, because of unique changes in 
the central nervous system and the muscle-tendon 
unit. Yet, some coaches still cling to the idea that 
all types of strength training have similar effects, 
believing that the only factors contributing to force 
production are muscle size, voluntary activation, and 
coordination. This study showed that two programs 
involving the same exercise but with only slightly 
different loads caused dramatically varied effects.    

Key findings
Weighted jump training caused greater increases in muscle mass and fascicle length, and 
caused larger improvements in change of direction ability and linear sprint times. Un-
weighted jump training caused greater increases in pennation angle and vertical jump 
height, as well as the functional ratio.  

Practical implications
When training athletes for sport, strength training programs should be designed based on 
the desired performance improvements, acknowledging that different types of strength 
training can have very different effects. Exposing the quadriceps to high eccentric loads 
with weighted jumps likely improves change of direction ability most, while avoiding such 
loads is likely optimal for vertical jump training.



Background



 

OBJECTIVE To compare the effects of unweighted and weighted vertical jump train-
ing, in recreational soccer athletes, during the off-season. 

 

Maximum strength: By 1RM back squat, 
and by quadriceps concentric and eccentric 
peak torques and hamstrings eccentric peak 
torque, using an isokinetic (60o/s) dyna-
mometer with the hip flexed to 95o.

1RM back squat, quadriceps concentric and 
eccentric peak torques, and hamstrings ec-
centric peak torque increased in both train-
ing groups, but there were no significant 
differences between groups. Yet, WT tended 
to increase both quadriceps concentric and 
eccentric peak torques more than UN.

Muscle size and architecture: By vastus 
lateralis thickness, pennation angle, and 
fascicle length using ultrasound, and by leg 
lean mass, using dual-energy X-ray absorp-
tiometry (DEXA). 

Pennation angle increased more in UN, while 
fascicle length increased more in WT. Muscle 
thickness increased similarly in both groups, 
but leg lean mass increased by more in WT.

Athletic performance: By change of direc-
tion ability using T-test time with photocell 
timing gates, 10m and 30m sprint times 
using photocell timing gates, and both squat 
jump (SJ) (to approximately 90o knee flex-
ion) and countermovement jump (CMJ) (to 
a self-selected countermovement depth) 
heights, using an infrared device.

Change of direction ability improved dramat-
ically in WT, but did not improve in UN. Both 
sprint times reduced more in WT than in UN, 
while both jump heights increased more in 
UN than in WT.

Functional ratio: By the ratio of eccentric 
hamstrings peak torque to concentric quad-
riceps peak torque.

The functional ratio increased only in UN, 
and did not increase in WT, likely because of 
the non-significantly larger gains in quadri-
ceps concentric peak torque in that group.

48 soccer players, aged 
21 ± 3 years, allocated 
into either a weight-
ed jump training group 
(WT), an unweighted 
jump training group 
(UN), or a control group 
(CON)

INTERVENTION 

MEASUREMENTS RESULTS

POPULATION

SUMMARY
     Weighted jump training caused greater increases in muscle mass and 
fascicle length, and caused larger improvements in change of direction ability and linear 
sprint times. Unweighted jump training caused greater increases in pennation angle and 
vertical jump height, as well as the functional ratio. 

Subjects trained 2 times per week for 8 weeks, in the off-season. 
For the first 4 weeks, the unweighted jump training group (UN) 
did 5 sets of 10 reps, while the weighted jump training group 
(WT) did 4 sets of 10 reps with 20% added bodyweight. For the 
second 4 weeks, WT did 2 sets of 10 reps and 2 sets of 11 reps 
with 25% of added bodyweight, while UN maintained the same 
routine. All sets were performed with 3 minutes of rest in-be-
tween. Bodyweight jumps were done with the hands on the hips, 
and weighted jumps were done with a barbell.



Analysis

This study reported that weighted jump 
training tended to increase quadriceps 

concentric peak torque (in addition to back 
squat 1RM and quadriceps eccentric peak 
torque) to a greater extent than unweight-
ed jump training. This superior improve-
ment in quadriceps strength was likely why 
the functional ratio increased only after 
unweighted jump training.

Weighted jump training was done with 1.2 
– 1.25 times bodyweight, while unweight-
ed jump training was done with 1.0 times 
bodyweight. Thus, weighted jump training 
involved producing a higher force at a low-
er velocity. Since strength training is veloc-
ity-specific, it is therefore unsurprising that 
there were trends towards greater increas-
es in squat 1RM and quadriceps concentric 
and eccentric peak torques after weighted 
jump training, as shown in the chart below. 

Although it is often believed that strength 
training with light loads and maximal 
bar speeds does not improve maximum 
strength, this study is in line with recent 
research showing that back squat 1RM 
increases after training with lower body 
ballistic exercises (1). This transfer likely 
arises because of increases in rate coding 
(2), which increase voluntary activation 
and therefore force production.

Interestingly, eccentric quadriceps torque 
increased more than concentric quadri-
ceps torque in both training groups. After 
non-ballistic strength training, concentric 
strength tends to increase more than ec-
centric strength (3) because of the lighter 
relative load used in the eccentric phase. 
Ballistic training may provide a larger stim-
ulus to increase eccentric strength because 
of the need to absorb force upon landing. 



Analysis

This study reported that pennation angle 
increased more after unweighted jump 

training, while fascicle length increased 
more after weighted jump training. And 
while muscle thickness increased similarly 
in both groups, leg lean mass increased by 
more after weighted jump training.

Pennation angles tend to increase most af-
ter concentric-only strength training, while 
fascicle lengths tend to increase most after 
eccentric-only training (4), with conven-
tional strength training producing effects 
that are somewhere in-between. While 
both training programs caused greater 
increases in eccentric quadriceps strength 
than in concentric quadriceps strength, 
likely because of the need to absorb force 
upon landing from each jump, only weight-
ed jump training involved the absorption 
of forces large enough to cause excessive 
lengthening of the quadriceps fibers.

The eccentric force applied determines the 
extent of the muscle fiber elongation (5), 
and the amount of fiber elongation is what 
determines the change in muscle fascicle 
length after eccentric training (5).

The greater improvement in leg lean mass 
caused by weighted jump squat training 
is in line with the key mechanism of mus-
cle hypertrophy, which is that the amount 
of mechanical loading is closely related to 
the resulting increase in muscle size (6). 
Mechanical loading is increased by higher 
levels of of muscle activation, and by slow-
er contraction velocities, because this com-
bination allows more actin-myosin bindings 
to form simultaneously (7) and thereby 
produce greater tension. Since ballistic 
exercises typically produce high levels of 
activation (8), the greater load used in the 
weighted jump squat is the key factor in 
determining the greater muscle growth.



Analysis

This study reported that change of di-
rection ability improved dramatically 

after weighted jump training, but did not 
improve after unweighted jump training. 
And while sprint times reduced more after 
weighted jump training, both squat and 
countermovement jump heights increased 
more more after unweighted jump training.

The dramatic improvement in change of 
direction ability after weighted jump train-
ing fits perfectly with the previous obser-
vations that weighted jump training caused 
greater eccentric-specific strength gains in 
the quadriceps, since change of direction 
ability is primarily determined by this exact 
strength quality. The superior improve-
ments in sprint time are harder to explain, 
but they may relate to improved vertical 
stiffness (9) caused by greater changes in 
hip and knee extension eccentric strength.

Vertical jump height can be improved by 
both weighted and unweighted jump train-
ing (10), but the mechanisms may differ. 
Weighted jump training seems to enhance 
vertical jump height mainly by increasing 
the capacity of the muscle to exert force at 
a high velocity (10,11). Unweighted jump 
training seems to alter force-producing 
capacity to a lesser degree, but also seems 
to increase self-selected squat/counter-
movement depth (10,11), which increases 
the distance over which force is produced 
and therefore vertical impulse, which is 
the primary determinant of jump height 
(12,13,14). This change in squat depth 
may arise due to altered stretch-shortening 
cycle function, perhaps involving the ten-
don becoming more compliant and length-
ening more during a contraction, thereby 
allowing the muscle to exert force at the 
same length for a deeper depth.



Analysis

Conclusions
Weighted jump training caused greater 
increases in muscle mass and fascicle 
length, and caused larger improvements 
in change of direction ability and linear 
sprint times. Unweighted jump training 
caused greater increases in pennation 
angle and vertical jump height, as well as 
the functional ratio. 

Practical implications
When training athletes for sport, strength 
training programs should be designed 
based on the desired performance im-
provements, acknowledging that different 
types of strength training can have very 
different effects. Exposing the quadriceps 
to greater eccentric loads with weighted 
jumps likely improves change of direction 
ability most, while avoiding such loads is 
likely optimal for vertical jump training.

When carrying out conventional, 
non-ballistic strength training, par-

tial range of motion squats cause superior 
improvements in vertical jump height in 
athletes compared to full range of motion 
squats (15). This likely occurs because of 
greater strength gains around the joint an-
gle at which vertical jumps start their con-
centric phase. While strength gains at short 
muscle lengths are likely caused primarily 
by large increases in joint angle-specific 
voluntary activation (16), it is also possi-
ble that a shift in the angle of peak torque 
to longer muscle lengths after full range 
of motion squats (which involve long mus-
cle lengths) may have reduced the gain in 
strength at a partial range of motion. 

The greater change in muscle fascicle 
length after weighted jump training com-
pared to unweighted jump training may 
have had a similarly adverse effect on 
the torque-angle curve of the quadriceps, 
shifting its angle of peak torque to longer 
lengths, as often occurs after eccentric 
training. This may have resulted in a small-
er improvement in the ability to produce 
force at partial ranges of motion, which is 
the starting point of the squat and coun-
termovement jumps. Indeed, jump squat 
training with reduced eccentric loading 
does cause greater gains in strength closer 
to full extension, which suggests that the 
eccentric forces upon landing do produce 
this exact negative effect (17).
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