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Welcome to the October 2017 edition! As 
you will quickly see, there has been a lot of 
change since last month, and I really hope 
you like the new format of the review. 

Over the next few months, there will be a 
couple more changes, partly as I figure out 
exactly how to best use charts and graphs 
to report on the study findings, and partly 
as I get better at using the new magazine 
format. I fully expect that future editions 
will be even better than this one. In the 
meantime, if you can see anything that I 
need to improve, please just email me at:
chris@strengthandconditioningresearch.com

If you missed the big announcement in last 
month’s edition, you might be wondering 
why all the sudden changes, so let me go 
over what has happened.

In the beginning

Back in February 2012, Bret Contreras 
and I created the S&C Research Review. 
Over the following 5 and a half years, we 
wrote 67 monthly editions together, with 
the last one being published last month, 
on 1st September 2017. However, all good 
things must come to an end. And so it was 
that last month, Bret stepped away from 
his editorial duties to pursue exciting new 
projects. 

How is this new format different?

After asking quite a few of you (sorry if I 
missed you out!), I realized that this was 
a great opportunity to change a few things 
all at the same time. You asked for more 
detailed analysis of each study, showing 
how it fits into the literature. You asked for 
more practical implications, showing how 
the findings of each study could be used 
to inform training. You asked for a bigger 
focus on strength training, muscle growth, 
and athletic performance (especially sprint-
ing), with less anatomy, physiology, and 
physical therapy. And you asked for fewer 
studies overall.

So here it is. The brand new S&C Research 
Review, just like you asked for. Ten very 
detailed study reviews covering the latest 
research into strength training, athletic 
performance, and hypertrophy, all for the 
same great price of $10 per month.



Strength training
1 Comparing muscle forces in the good morning, deadlift, and split 

squat
2 Comparing the barbell back squat and the machine hack squat

3 Comparing the effects of squat and deadlift workouts 

4 Comparing the effects of plyometrics and isometric training on 
tendon stiffness

Sprinting
5 Can the hip thrust cause a post-activation potentiation effect on 

sprint running?

6 Revisiting the long-term effects of heavy hip thrusts on sprinting in 
athletes 

7 Identifying factors that predict elite sprinting performance

8 Identifying whether asymmetry reduces sprinting ability and 
increases injury risk

Hypertrophy
9 Measuring the rate of hypertrophy and capillary formation after 

training

10 Assessing the effect of training volume on muscle protein synthesis

October Edition
Contents

Contents



Multi-joint exercises involve several muscles, and 
the contribution of each of these muscles to 

a lift differs between exercises, between exercise 
variations, and between loads. In squats, dead-
lifts, and lunges, the hip extensors proportional-
ly increase their involvement with increasing load. 
In split squats, the contributions of the hip exten-
sors and knee extensors are affected by step length 
and amount of dorsiflexion. Previous research has 
drawn inferences about the contribution of the 
muscles by using inverse dynamics to calculate net 
joint moments or with electromyography to report 
muscle activation. This study used musculoskeletal 
modeling to look in detail at muscle forces.

Comparing muscle forces in the good 
morning, deadlift, and split squat

Strength training

Towards evidence based strength training: a comparison of muscle forces 
during deadlifts, goodmornings and split squats. Schellenberg, F., Taylor, 
W. R., & Lorenzetti, S. BMC Sports Science, Medicine and Rehabilitation, 
9(1), 13 (2017). (PubMed)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5513080/
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Study review

OBJECTIVE To estimate the quadriceps, hamstrings, and gluteus maximus 
muscle forces and total knee joint contact forces in the good morn-
ing, deadlift, and split squat (with the rear foot on the ground), by 
computational modeling.

Muscle forces: A musculoskeletal mod-
el with 14 body segments, 29 degrees 
of freedom and 92 muscles was used to 
calculate quadriceps, hamstrings, and 
gluteus maximus muscle forces (and also 
absolute total knee joint contact forces), 
using the data collected by motion analy-
sis and from the force plates, and scaling 
the model to fit the segment lengths of 
the subjects in each group, for the good 
morning (GM), deadlift (DL), and split 
squat (SS) exercises, and separately for 
the front leg (FL) and rear leg (RL) of the 
split squat.

GM displayed low quadriceps force. DL 
and SS (FL) displayed similar quadriceps 
forces, while SS (RL) was lower. Individ-
ual quadriceps muscle forces differed, 
and rectus femoris displayed the lowest 
level in all exercises, except in RL of SS. 
With increasing tibial angle (decreasing 
dorsiflexion) in SS, single-joint quadri-
ceps muscle forces decreased in FL, but 
increased in RL. With increasing step 
length in SS, single-joint quadriceps 
muscle forces increased in FL, but de-
creased in RL. 

Forces of each hamstrings muscle dif-
fered. Semitendinosus force was always 
low. Hamstrings forces were low in SS 
(RL) but high in SS (FL), where they in-
creased with increasing step length and 
decreasing tibial angle. Gluteus maximus 
muscle forces differed between regions. 
The middle region always displayed the 
highest forces. SS (RL) displayed low 
gluteus maximus forces; forces were 
higher in DL and SS (FL) than in GM.

13 subjects, aged 25 
± 4 years (deadlift and 
good morning exercis-
es) and 11 subjects, 
aged 25 ± 3 years (split 
squat variations), all 
with strength training 
experience.

The two groups of subjects did either deadlifts and good 
mornings or split squat variations (with 3 step lengths 
of 55%, 70% and 85% of leg length, and 3 tibia angles 
of 60, 75 and 90 degrees) with a barbell loaded with 
25% of bodyweight, while motion analysis was taken of 
55 markers placed on the skin, using an opto-electronic 
system with 12 cameras, and ground reaction forces were 
measured by 2 force plates (1 under each foot). An extra 
deadlift trial was done with 50% of bodyweight.

INTERVENTION

MEASUREMENTS RESULTS

POPULATION

SUMMARY
The GM, DL and SS can all be used to load the 
lower body, yet each involves different muscle 
forces. Altering step length and tibial angle in 
the SS, and changing load in the DL alters the 
proportional involvement of each muscle group.



Analysis of results

Chart showing modeled muscle forces for the good morning and deadlift with a 25% 
bodyweight load

Chart showing percentage (dark blue) and absolute (light blue) increases in modeled 
muscle forces for the deadlift between 25% and 50% bodyweight loads

Comparison between good morning 
and deadlift

The chart above shows that the good 
morning displays virtually no quadriceps 
involvement at all, while the deadlift has 
a surprisingly large amount. It also shows 
that the proportional involvement of each 
hamstrings muscle differs between the 
good morning and the deadlift, making 
each benefical for training different parts 
of the overal muscle group. This reinforces 
the value of using multiple exercises in a 
strength training program.

Study review

Effect of increasing load in the deadlift

The chart below shows that as load in-
creases in the deadlift, muscle force in 
each working muscle alters in a different 
way. The quadriceps display a similar, mod-
erate relative increase, while the increases 
of the hip extensors vary widely, with some 
increasing a lot (biceps femoris short head, 
semitendinosus, and gluteus maximus 
medial region) and others increasing little. 
Therefore, just by changing the load, we 
alter which muscles are being used most in 
a multi-joint exercise.



Analysis of results

Chart showing increases in modeled muscle forces for the split squat with increasing tibi-
al angle from 60 to 90 degrees, using a step length of 70% of leg length

Chart showing increases in modeled muscle forces for the split squat with increasing 
step length from 55% to 85% of leg length, at a tibial angle of 90 degrees

Study review

Effect of tibial angle in the split squat

The chart above shows that as tibial angle 
is moved from 60 degrees (knee over the 
toes) to 90 degrees (vertical shin) while 
the external weight remains the same, the 
single-joint quadriceps muscle forces are 
reduced on the front leg but increased on 
the rear leg. In accordance with previous 
research, this suggests that for training the 
quadriceps with the split squat, tibial angle 
should be low (knee over toes).

Effect of step length in the split squat 

The chart below shows that as step length 
increases from 55% to 85% of leg length 
while the external weight remains the 
same, the single-joint quadriceps muscle 
forces are increased on the front leg but 
decreased on the rear leg. Contrary to 
previous research, this suggests that for 
training the quadriceps with the split squat, 
step length should be long, rather than 
short.



Commentary

Study review

This study confirmed previous findings 
regarding the effect of tibial angle on lower 
body muscle involvement in the split squat, 
although the effects on step length were 
unexpected (1). In addition, it provided 
more information about the increasing role 
of the hips in the deadlift, and it compared 
the muscles worked by the good morning 
and deadlift.

Increasing role of the hips

Previous work has identified that the pro-
portional contribution of the hip extensor 
muscles increases with increasing weight in 
many lower body exercises, including the 
back squat, lunge, and deadlift, both by 
reference to the net joint moments (2) and 
muscle activation (3). The results of this 
study were therefore interesting, as they 
suggest that even within the hip muscula-
ture, the proportional involvement of each 
muscle might change with increasing load 
in the deadlift, such that the biceps fem-
oris short head, semitendinosus, and glu-
teus maximus (lateral and medial regions) 
may make a greater contribution to net 
hip extension moment when we lift heavier 
loads.

While bodybuilders are accustomed to us-
ing a wide range of exercises and loads in 
order to work all muscles maximally, this 
is relevant for many groups of athletes. 
For example, powerlifters may find that 
training the deadlift with submaximal loads 
does not develop the biceps femoris short 
head, semitendinosus, and gluteus maxi-
mus (lateral and medial regions) as much 
as the other hip extensors, and yet these 
muscles are still very important in compe-
tition, because their involvement increases 
more with increasing weight. Accessory 
work for these muscles, such as leg curls 
for the hamstrings and hip thrusts for the 
gluteus maximus, may prove valuable. 

Comparison of good morning and 
deadlift

The good morning is often used in power-
lifting training programs as an accessory 
exercise for the deadlift, and is sometimes 
used in athletic development programs as 
a replacement for deadlift variations like 
the Romanian deadlift. 

Importantly, this study shows that the 
good morning may indeed have value as 
an accessory exercise for powerlifters aim-
ing to train the hamstrings to improve the 
deadlift, but may not be similarly effective 
for the gluteus maximus. Also, it seems 
likely that we should not regard the good 
morning as a replacement exercise for the 
deadlift in athletic development programs, 
as the deadlift provides a much greater 
challenge to the quadriceps and gluteus 
maximus.

Conclusions

By measuring the split squat at different 
step lengths and tibial angles, this study 
confirmed previous findings showing that 
these aspects of the lift are key determi-
nants of the roles played by the quadriceps 
and hamstrings of the front and rear legs 
in the lift. By assessing the deadlift at two 
different loads, the researchers showed 
that each of the hip extensors likely in-
creases its involvement to a different ex-
tent as the weight on the bar increases. 
And by comparing the deadlift and good 
morning, the researchers discovered that 
the good morning exercise involved min-
imal quadriceps involvement, as well as 
lower gluteus maximus muscle force com-
pared to the deadlift, which means that the 
two exercises are not interchangeable.
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