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INTRODUCTION

Skeletal muscle displays considerable biochemical complexity, physiological plasticity, and cellular
heterogeneity (Ohlendieck, 2010). It is well-recognized that resistance training (RT) is the most
potent non-pharmacological interventional strategy for achieving increases in skeletal muscle size
(American College of Sports Medicine, 2009). The American College of Sports Medicine (2009)
recommends RT in the 6–12 repetition maximum (RM) range as being ideal for increases in muscle
hypertrophy. However, Schoenfeld et al. (2017) concluded that, based on the current evidence,
low-load (≤60% 1 RM) RT performed to momentary muscular failure increases muscle size in a
manner similar to high-load (>60% 1 RM) RT. It should be noted that these conclusions were
specific to whole muscle imaging techniques (i.e., ultrasound, magnetic resonance imaging, and
computerized tomography); a meta-analysis for direct histological determination (i.e., muscle
biopsy) could not be performed due to the lack of studies meeting the inclusion criteria of the
review.

The evidence is equivocal regarding the agreement between whole muscle imaging techniques
and histological determination of muscle hypertrophy. For instance, McCall et al. (1996) reported
a 13% increase in muscle cross-sectional area (CSA) as measured via magnetic resonance imaging,
along with a 10 and 17% increase for type I and type II muscle fibers, respectively. While the
meta-analysis of Schoenfeld et al. (2017) reported similar changes in muscle size irrespective of
loading schemes, the question remains as to whether the hypertrophy of type I and type II muscle

fibers was also similar between high- and low-load conditions. It might be that high-load RT
emphasizes type II muscle hypertrophy (Campos et al., 2002), with low-load RT stimulating greater
growth in type I muscle fibers (Ogborn and Schoenfeld, 2014; Grgic et al., 2018).

A number of acute electromyography (EMG) studies show that EMG amplitude is significantly
greater with high- vs. low-load RT thereby suggesting that higher loads are needed to fully stimulate
the highest threshold motor units associated with type IIx fibers (Schoenfeld et al., 2014, 2016).
However, greater EMG amplitude in a given condition does not necessarily reflect long-term
adaptations to regimented RT (for a detailed review on the topic see Vigotsky et al., 2018). The
only way to assess this topic is by analyzing studies that directly compared high-load and low-load
RT and their impact on muscle fiber hypertrophy. Therefore, the present article aims to discuss and
interpret the studies that assessed the muscle fiber changes that occur longitudinally with high- and
low-load RT schemes. While acknowledging that there are several hybrid type fibers delineated in
human skeletal muscle, the basic classification to type I, type IIa, and type IIx will be used for this
paper.

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/journals/physiology#editorial-board
https://www.frontiersin.org/journals/physiology#editorial-board
https://www.frontiersin.org/journals/physiology#editorial-board
https://www.frontiersin.org/journals/physiology#editorial-board
https://doi.org/10.3389/fphys.2018.00402
http://crossmark.crossref.org/dialog/?doi=10.3389/fphys.2018.00402&domain=pdf&date_stamp=2018-04-18
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:jozo.grgic@live.vu.edu.au
https://doi.org/10.3389/fphys.2018.00402
https://www.frontiersin.org/articles/10.3389/fphys.2018.00402/full
http://loop.frontiersin.org/people/517979/overview
http://loop.frontiersin.org/people/455300/overview


Grgic and Schoenfeld Resistance Training and Muscle Fibers

THE EFFECTS OF HIGH VS. LOW-LOAD
RESISTANCE TRAINING ON MUSCLE
FIBER HYPERTROPHY ADAPTATIONS

Only a few studies have investigated this topic thus far (Table 1).
Jackson et al. (1990) conducted a counterbalanced crossover
trial in which participants first performed a 7.5-week mesocycle
of high-load muscular strength-oriented RT or 7.5 weeks of
low-load muscular endurance-oriented RT. Following a 5.5-week
“washout” period (i.e., no RT performed), participants crossed
over to perform the alternative routine. After the first 7.5 weeks,
an increase in the size of all muscle fiber types for both RT groups
occurred. After the second 7.5 weeks of RT, the participants
performing the muscular strength mesocycle as their second
treatment reported a further growth of type I and II fibers. By
contrast, those that performed the muscular endurance-oriented
RT for their second treatment showed a decrease in the size of
all fiber types, with the greatest decrease noted for type IIx fibers.
These findings suggest that a progression from low to high-loads
might result in gains that are more consistent.

Only one study was performed in older adults. Taaffe et al.
(1996) sought to compare the effects of high- vs. low-load RT
on muscle size using an intervention spanning 1 year. Untrained

women exercised 3 days per week, whereby the high-load group
performed ten repetitions with external loads of 80% 1 RM
while the low-load group performed 14 repetitions with loads
corresponding to 40% 1 RM. When evaluating percent changes,

the high-load group achieved greater hypertrophy in both type
I and type II muscle fibers. On the surface, these findings
suggest that high-load RT is a prerequisite for maximizing

hypertrophy across fiber types. However, the researchers opted
to equate the total volume load between conditions by having
the low-load group stop each set well short of volitional fatigue.
Such events inadvertently bias results in favor of the high-load
condition given that a high level of fatigue is obligatory to achieve
hypertrophic benefits when training with lower loads (Morton
et al., 2016).

Of crucial importance is that in both of the studies mentioned
above, the RT program in the low-load groups was not performed

to momentary muscular failure, indicating unequal training

stimuli between high and low-load conditions. Employing

a low-load RT program and not performing repetitions to

momentary muscular failure may hinder muscular adaptation
(Burd et al., 2012). According to Henneman (1985) size
principle, larger motor units will be sequentially recruited as

force production requirements increase, ultimately resulting in
activation of the entire motor unit pool. It is possible that

with low-load training, the lower threshold motor units will be
under load for a longer period, which in turn, might augment

the hypertrophic response of type I muscle fibers. This effect
might not occur with high-load training, and possibly because

of this, preferential hypertrophy of type II muscle fibers has been
commonly reported with RT (Folland and Williams, 2007).

Campos et al. (2002) were the first to compare high- vs.
low-load RT with both groups training to momentary muscular
failure while using histological measures of muscle growth. The

researchers’ randomized 27 untrained participants into three
different loading groups: high-load (3–5 RM), moderate-load
(9–11 RM) and low-load (20–28 RM) RT programs. After
8 weeks of RT, all muscle fibers types hypertrophied in the
high- and moderate-load groups. However, no significant pre- to
post-intervention increase in muscle fCSA was noted in type I
or type II muscle fibers for the low-load group. Schuenke et al.
(2012) reported similar results to that of Campos et al. (2002).
After 6 weeks of lower body RT, the low-load group (40–60%
1 RM) showed no significant increases in type I muscle fiber
CSA while the high-load group (80–85% 1 RM) achieved robust
increases in the size of all muscle fiber types, with the greatest
gains observed in type IIx fibers. Although muscle tissue is a
prime example of tissue plasticity and capable of undergoing
dramatic changes in phenotypic profile with regimented RT, the
rate of increases in muscle fiber size for the high-load condition
deserves scrutiny (Burd et al., 2013). The researchers reported
a muscle fiber growth rate of 0.66% per day of training, which
is ∼ 4- to 5-fold larger than the values presented in the review
by Wernbom et al. (2007). Still, while not as large as found by
Schuenke et al. (2012) similar growth rates with high-load lower
body RT have been noted previously in the literature (Staron
et al., 1990; Lamas et al., 2010).

Interestingly, some studies report that low-load RT induces
a greater hypertrophic response in type I muscle fibers.
Vinogradova et al. (2013) compared high- (80–85% of 1 RM)
vs. low-load (50% 1 RM) RT in a group of untrained young
men. The results indicated that the growth of muscle fiber
types is directly related to the training load. Specifically, the
high-load group achieved the greatest increases in type II
muscle fiber size whereas the low-load group achieved the
highest increases in type I muscle fiber size. The researchers
hypothesized that the greater increases in type I muscle fibers
for the low-load group were related to greater metabolic stress
(Vinogradova et al., 2013). Metabolic stress relates to the build-
up of metabolites, for example increases in calcium flux, lactate,
potassium and hydrogen ions, and is a mechanism hypothesized
to mediate muscle hypertrophy via increased fiber recruitment,
changes in hormonal production, and/or cell swelling, among
others (Schoenfeld, 2013). Similar findings to those presented
by Vinogradova et al. (2013) have been reported by the same
laboratory, with low-load RT leading to greater increases in
type I hypertrophy and high-load RT enhancing type II fiber
hypertrophy (Netreba et al., 2013).

Using a within-subject design, Mitchell et al. (2012) randomly
assigned 18 men in counterbalanced fashion to performing
unilateral knee extension with one leg training at high-loads (80%
1 RM) and the other at low-loads (30% 1 RM). After 10 weeks
of RT, significant hypertrophy was noted from baseline to post-
intervention in all muscle fiber types for both high-load (80% of
1 RM) and low-load (30% of 1 RM) RT groups. No statistically
significant differences between loading conditions in muscle fiber
growth were noted. Nonetheless, it is important to point out
that the low-load group achieved a 23% increase in muscle type
I muscle fiber size, in comparison to a 16% increase in type I
muscle fiber size observed in the high-load group. Given the
small sample size employed, this raises the possibility of a type
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2 error whereby significant differences between conditions did
in fact exist and, considering the magnitude of differences, that
findings may be practically meaningful.

A common limitation in all of the studies above is the use
of untrained participants. It has been shown that individuals
with higher RT experience a blunted protein synthetic response
post-resistance exercise, suggesting a possible ceiling effect of
muscle gain (Damas et al., 2015). To address this gap in the
literature, Morton et al. (2016) randomized young men with
an average of 4 years RT experience to a 12-week total body
exercise program using either a high-load (8–12 RM) or low-
load (20–25 RM) scheme. Following the RT protocol, similar
rates of growth were noted in all muscle fiber types regardless
of the load condition. These isolated findings suggest trained
individuals may experience equal growth across all fiber types
regardless of the loading scheme used.

As with most RT research, the vast majority of studies that
investigated this topic were of relatively short duration; it is
not clear whether potential differences in fiber type hypertrophy
specific to a given loading scheme may widen or narrow over
time. Finally, all of the included studies assessed fiber growth in
the vastus lateralis muscle. As previously highlighted, the vastus
lateralis muscle is themost commonmuscle of choice for biopsies
because of its mixed fiber type composition, accessibility, and
trainability (Staron et al., 2000). Given the scarcity of data, the
extrapolation of findings to other muscle groups is limited.

Experimental Considerations
The examination of fiber type changes via muscle biopsy
has some inherent limitations. First, the biopsy technique
involves extracting a small amount of tissue from a given
muscle, which may not necessarily reflect fiber type-specific

changes at the whole muscle level. Moreover, variations exist

in the distribution of fiber types from superficial to deep
and proximal to distal (Blomstrand and Ekblom, 1982), thus
making it important to consider these factors when extrapolating
findings into practical terms. Second, the method used to
determine fiber types varies between studies. A majority of
the reviewed literature employed mATPase histochemistry to
delineate fiber typing, whereas several others (Netreba et al., 2013;
Vinogradova et al., 2013; Morton et al., 2016) used antibodies,
which may have greater accuracy in delineating hybrid fibers.
Finally, differences in measurement of fCSA can result in
differences in size estimates, thus limiting a between-study
comparison.

CONCLUSIONS

When low-load RT is not carried out to muscular failure, high-
load training appears to provide a superior hypertrophic stimulus
and thus greater growth of all muscle fibers.While some evidence
indicates that low-load RT, when carried out to muscle failure,
may induce a greater hypertrophic response in type I muscle
fibers compared to high-load RT and that high-load RT may
induce preferential growth of type II muscle fibers, the body of
literature remains somewhat equivocal on the topic. In summary,
there currently is not enough evidence to make a firm conclusion
regarding changes that occur at the muscle fiber level with
different loading schemes.
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