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Dear Editor:

I am writing with regards to the article recently published

in the European Journal of Applied Physiology by

Rønnestad et al. (2011). The authors report in their abstract

that ‘‘only L ? A [leg plus arm training—a high ‘anabolic’

hormonal exposure condition] achieved increase in the

CSA at the part of the arm flexors with the largest cross-

sectional area (p \ 0.001), while no changes occurred in A

[arm only training—a low ‘anabolic’ hormonal exposure

condition].’’ Oddly, examination of Fig. 6 in their paper

reveals that significant hypertrophy did occur at two sites

(of 4 measured) in the A arm, which is misleading by

comparison not only to the statement in their abstract but

also to a redrawing of their same figure (see Fig. 1).

Additionally, a finding for which incomplete statistical

analysis was reported was the change in muscle volume

which was not different between the A and the L ? A

arms. Since the change in muscle volume would be the

product of the change in muscle cross-sectional area (CSA)

(see Fig. 1 below) and the length of the muscle, it is hard to

reconcile that there were differences in CSA between

conditions with no difference in muscle volume change. Do

the authors believe that the A arm got longer? A more

plausible explanation is that there was no greater change in

muscle CSA in the L ? A versus the A arm overall, except

for the one site of the largest CSA. It is notable that the

statistical comparison of CSA changes or volume changes

between the conditions was not reported; however, it would

be surprising if those changes in volume or CSA were

different. Given the lack of a statistical comparison

between arms in terms of hypertrophy, it seems impossible

to conclude (from the author’s abstract) that: ‘‘L ? A had

favorable muscle adaptations [no definition for ‘favorable

muscle adaptations’ is given anywhere in the author’s

paper] in elbow flexors compared to A (p \ 0.05). In

conclusion, performing leg exercises prior to arm exercises

and thereby increasing the levels of serum testosterone and

growth hormone induced superior strength training adap-

tations [also not defined] compared to arm training without

acute elevation of hormones.’’ In fact, graphing the chan-

ges at each slice for each condition side-by-side shows that

the differential hypertrophy, if it existed at all, is trivial

(see Fig. 1) and is due to an artifact of not correctly

aligning the arm CSA slices in the magnetic resonance

(MR) scanner.

If all arguments put forward previously are correct, then

we can rule out the possibility that differential changes in

muscle CSA or volume (i.e., hypertrophy) occurred

between the L ? A and A arms. Thus, we are left to

conclude that what the arm that trained and was preceded

by leg exercises experienced during training was a superior

neuromuscular adaptation to account for the greater 1 RM

gain in strength. Interestingly, the authors present the

progression in training load and show that it was identical

between the L ? A and the A arms (Fig. 1). Thus, the arms

apparently gained strength during the training program at

an equivalent rate and achieved the same final load during

training. Yet through some inexplicable mechanism during

maximal 1 RM strength testing there was greater strength

in the L ? A versus the A arm. This is a surprising

observation and one that was not even alluded to in the

paper. The rise in hormone levels were certainly not
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helping the muscle train ‘harder’ or ‘more’ as evidenced by

equivalent training loads lifted (see the authors’ Fig. 1). In

fact, the authors report in their discussion that ‘central

fatigue’ was an issue and that it may explain why training

loads were ‘dampened’ in L ? A; this is in striking, and I

would argue inexplicable contrast to the superior pre-to-

post strength gains in the L ? A versus A condition. The

authors attempt to ascribe the greater strength gain to the

‘greater’ gain in the muscle CSA at the largest point citing

Bamman et al. (2000) in which, however, measurements of

the triceps surae were made rather than of the biceps

muscle as was studied by Rønnestad et al. (2011). What is

more troubling is that the measurements of the muscle CSA

were made according to the authors with ‘‘The scanned arm

stretched behind head and centered in the middle of the

machine.’’ The authors did not attempt (or at least did not

report that they did) to align the pre- and post-training

scans in terms of performing a coronal view of the arm or

using bony landmarks (see my comment in Fig. 1). The

authors also gave no estimate of variability of the proce-

dure they used in their lab instead citing a procedure that

they indicate as being ‘similar’ to the MR scans they car-

ried out by Moss et al. (1997). However, this is perplexing

since, in the study by Moss et al. (1997) there is no mention

of the subjects ‘placing their arm over their head for the

bicep scan’ and also the procedure used in that study to

measure muscle CSA was computed tomography and not

MR.

The authors argue that differences between their find-

ings and our study in which hormonal increments affected

neither strength nor hypertrophy were simply attributed to

differences in exercise order (i.e., ours was arm before legs

and theirs was legs then arms). My question is on what

basis do they make this assertion? No evidence (or even

speculation) is given as to how ‘providing’ hormones to the

muscle at the time of exercise (i.e., legs before arms) could

be beneficial. The difference in timing would be one of

minutes, which seems like scant time to explain the

phenomenon the authors claim exists. If circulating hor-

mones are interacting in some unknown way with protein

synthesis, for example, then one would expect the elevation

of these hormones in the time period when protein syn-

thesis is known to be elevated would enhance protein

synthesis, strength and/or hypertrophy; but this does not

occur (West et al. 2009; Spiering et al. 2008).

A number of studies indicate that increases in suppos-

edly ‘anabolic’ hormones (testosterone, growth hormone,

and insulin-like growth factor) are not necessary for

hypertrophy (Wilkinson et al. 2006), are not mechanisti-

cally linked to changes in local signalling (West et al.

2009; Spiering et al. 2008), do not elevate or in any way

perpetuate muscle protein synthesis (MPS) (West et al.

2009), and have not been shown to result in increased

muscle or muscle fiber CSA or strength when leg exercises

followed arm exercises but were followed by appropriate

nutrition to effectively stimulate MPS and hypertrophy

(Burd et al. 2009; West and Phillips 2010; West et al.

2010).

The findings of Rønnestad et al. (2011) are no more

proof that systemic hormones exert an influence in the

resistance exercise training-induced adaptations than any

previous paper in this area. It appears that selective

reporting (considering only the site of the largest CSA),

incomplete statistical analysis (not comparing the changes

in CSA between arms), and questionable MR practices are

the main messages from this paper.
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