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It is well accepted that progressive resistance training can bring about significant

increases in muscle size. Enlargements in muscle cross sectional area (CSA) of approxima

10-15% have been reported after just 10-14 wk of dynamic heavy-resistance training.(49

32). Muscle hypertrophy is limited during the initial weeks of training, with the@

strength increases in untrained individuals attributed to neural and architectu tations (63).
Thereafter, hypertrophy becomes increasingly evident, with the upper extremities tending to
display growth before the lower extremities (52; 70). Although mus% phy is apparent

in both Type I and Type Il fibers, significantly greater gains arecseen in fype 11 fibers (70; 42).

A significant number of those who lift We@(() 0 maximize muscular development.

Factors that mitigate the rate and absolute limits of muscu include genetics, age, and

gender (43).

Hypertrophy is especially important to stren thletes(e.g. football linemen, shot putters, etc)
given that a direct correlation exists betwee

well as bodybuilders, who are judge o"

training techniques have been advocated as a means to heighten muscle growth. Forced

repetitions, drop sets, super heavy negatives, in particular, have been purported to

S€ to resistance exercise. Thus, the purpose of this paper will be

ngth and muscle cross sectional area (29; 37), as

ent of their muscularity. A variety of specialized

enhance the hypertrophi

to explore the pote role~of these techniques in promoting muscle hypertrophy and to provide

insight into papplications to resistance training programs.

Mechanisms of Muscle Hypertrophy

Although the mechanisms of exercise-induced muscle hypertrophy have not been fully
, current theory suggests that it is mediated by mechano-chemically stimulated

ular signaling and involves a complex interaction of hormones, growth factors,
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myokines, and other signaling agents. These upstream regulators act on various myogenic

pathways such as PISK/Akt/mTOR (71; 39; 6), MAPK (44; 60), and calcium-signaling pa

(11; 12). Initiation of one or more of these pathways sets off an enzymatic cascade th%

a

ultimately increases protein synthetic rate and/or decreases the rate of proteolys@
greater accumulation of myofibrillar proteins (61).
Three basic factors have been implicated in promoting exercise-idtced muscle

hypertrophy: mechanical tension, muscle damage, and metabolic str% ding on the

stimulus, these factors may work in tandem to produce a synergistic effegt on muscle
development (61). The following is a brief overview of th@Van in depth analysis of
the topic, see the author’s review article (61). Q

Mechanical tension is perhaps the most d@t diator of muscle hypertrophy (18;
34; 73). It is believed that mechanical tensi urbsthe integrity of skeletal muscle, causing

onist
mechano-chemically transduced molecularand<ellular responses in myofibers and satellite cells

<:> gree of mechanical tension is primarily a function

of intensity (amount of load) and ti nder tension (duration of applied load). An optimal

(72). With respect to resistance traini

combination of these varia aximize motor unit (MU) recruitment and rate coding,

thereby bringing about the fatigue’of a wide spectrum of MUs and thus a greater hypertrophic

response (59). &

Locali scle damage caused by resistance training has also been implicated in

mediatin wth (14; 31). The onset of myodamage initiates an inflammatory response
involving newtraphils, macrophages and lymphocytes. This leads to the production of myokines,
ich are believed to potentiate the release of various growth factors that regulate satellite cell

ation and differentiation (72; 74). Mechano growth factor (MGF), a splice variant of IGF-
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1 that is locally expressed in muscle fibers, appears to be particularly sensitive to muscle damag
(18; 5) and thus may be directly responsible for the increased satellite cell activity seen wj %
myotrauma.

Finally, an emerging body of research indicates that exercise-induced m&@s S
can act as a potent hypertrophic stimulus (65; 59; 62; 66). Metabolic stress ayi om the
performance of resistance exercise that relies predominantly on anaerobic-glycolysis for ATP

production, which in turn results in the intramuscular accumulation ites such as

lactate, hydrogen ion, and inorganic phosphate (70; 67). Metapr is believed to

promote positive alterations in anabolic milieu, conceivabl

ted by a combination of

hormonal factors (including IGF-1, testosterone, and growt

an Iption factors (22; 19; 68). Some
researchers have speculated that the lower p ociated with fast glycolysis may further

augment hypertrophic adaptation by sti?f sympathetic nerve activity and increasing fiber

rrmone), cellular hydration, free

radical production, and/or activity of growth-orie

degradation (8).

Specialized Traiming Techniques for Muscle Hypertrophy

Forced repetitions, dfc 5, supersets, and heavy negatives are popular training
e.development. Although research is lacking as to their direct

, a large body of implied data provide a sound theoretical rationale
for a beneficit. The following sections explore the applicability of these techniques with

respect to&hypértrophy-oriented routine.

Forced Rep

rced repetitions (i.e. assisted repetitions) involve the use of a spotter who assists the

W the performance of additional repetitions after concentric failure is reached, often to help



RUNNING HEAD: Specialized Training Techniques

move the weight past a "sticking point.” It is theorized that forced repetitions may enhance the

hypertrophic stimulus by augmenting MU fatigue and/or metabolic stress.
Ahtiainen et al. (1) investigated the effects of forced repetitions on acute gro h@e
(GH) secretion following performance of four sets of 12 repetitions of the leg pr nd two sets
of 12 repetitions for the squat and leg extension. A maximum repetition (M erformed
all sets at their 12 RM, while a forced repetition (FR) group utilized a | igher than MR so
that the subjects required assistance to complete 12 repetitions. Aft @s post-workout,

GH levels were significantly greater in the FR group comparedw o did not perform

forced reps. Volume (as measured by total repetitions perf@s equated between groups,

implying that elevated hormonal concentrations were attrib to the use of forced reps.
hether GH actually is involved in

There is some disagreement among resear:
the anabolic response to exercise. However, ies inchcate that an exercise-induced increase in

GH is in fact highly correlated with the e of both type I and type 1l muscle fiber
hypertrophy as well as strength-rela r adaptations (48; 26). Evidence suggests that
this may be related to GH's ability tentiate the upregulation of the IGF-1 gene in muscle so

that more IGF-1Ea is splic

-a@) the MGF isoform (27; 36). Additional research is needed to

elucidate what, if any, yole exercige-induced elevations in GH play in the hypertrophic process

and whether this i&l employing forced reps in a muscle building program.

Drop Sets Q
Si / ced repetitions, drop sets (a.k.a. descending sets) involve performing a set to

musu@r with a given load and then immediately reducing the load and continuing to

train until subsequent failure. It is believed that this technique can stimulate greater muscular

y inducing greater MU fatigue (75). The increased time under tension associated with
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drop sets would likely also heighten metabolic stress and ischemia, enhancing anabolic milieu.
Multiple drops can be performed in the same set to elicit even greater levels of fatigue an
metabolic stress.

There is some evidence that drop sets can indeed enhance the body's ana@
environment following resistance exercise. Goto et al. (20) assessed the inclusion-of a low
intensity set (50% of 1RM) immediately following performance of a hi tensity set. Results
showed a significant spike in GH levels associated with the addition@nsity drop

set. Follow up work by Goto et al. (21) showed that the additio a drop set to a standard
strength training protocol resulted in a significant increase 4 SA as opposed to the
strength training protocol alone. Neither of these stud@l d for total training volume,
however, leaving open the possibility that the ele o nal response and associated muscle
protein accretion was caused by an increased me.

As opposed to forced reps, drop ot necessarily require the presence of a spotter.

This allows for greater independenc aining as well as affording lifters with greater

control over the intensities employ

Given that forced re

must be utilized when j ting/these techniques into a hypertrophy-oriented program.

Repeatedly trainin muscle failure over time has been shown to increase the potential for
overtraining achological burnout (17), and may lead to reductions in resting IGF-1

and.&’blunting of resting testosterone levels (38). Hence, a general

is to employ forced reps and drop sets sparingly in the context of a periodized
IS usually prudent to limit their use to a select few sets in a given microcycle, making

intersperse periods of unloading to allow for necessary recuperation. That said,



RUNNING HEAD: Specialized Training Techniques

recuperative abilities are highly dependent on the individual and are impacted by nutritional

supplementation, the use of anabolic steroids, and other factors which may allow for mor

frequent use of these techniques.
Supersets \

Supersets (a.k.a. paired sets) can be defined as two exercises perfor uccession
without rest (56). Although supersets have long been employed in bodypgifding Youtines, a
search of the literature failed to reveal any studies directly investiga r their use
facilitates increases in muscular growth. However, it is conceivwm reduced rest between
sets increases muscular fatigue and metabolic stress, whicance hypertrophy.

Hypothetically, any two exercises can be com@o a superset. Perhaps the most
common superset technique involves the perform exercises that share an

agonist-antagonist paired set (APS) training.

agonist/antagonist relationship, sometimes ¢

Multiple studies have shown that contracting

S

antagonist inhibition and/or an incr in stored elastic energy in the muscle-tendon complex

antagonist muscle increases force output during

N

subsequent contractions of the agoni ; 40). This has been attributed to reduced

sion generated by the agonist could potentially lead to

precontractions m Iim@d to faster movements (47), suggesting that hypertrophy would be

optimized by o@ ing concentric repetitions explosively during the second exercise in a

superset. @
(%Robbw’ set al. (57) demonstrated that APS training allows for a greater number of

s to be performed per given unit of time without significantly reducing intensity or total

volume. This increased “training density” is achieved through acute improvements in



RUNNING HEAD: Specialized Training Techniques

training efficiency, which necessarily heightens the extent of fatigue. The elevated levels of
fatigue, in turn, may contribute to the hypertrophic stimulus (59). Although markers of m %
stress were not studied, an increased training density would conceivably require a great
reliance on anaerobic glycolysis, enhancing anabolic milieu. x
Heavy Negatives
Heavy negatives (supramaximal loaded eccentric actions) involvethe pekformance of
eccentric contractions at a weight greater than concentric 1 RM. Thié& quires a spotter to
help raise the weight concentrically after the lifter performs the €scentric,repetition. The lifter

may perform multiple repetitions depending on training intg iven that a muscle is not

@5/.

fully fatigued during concentric training (75), the use of heawy negatives may elicit greater MU

fatigue and thus provide an additional hypertroph@ :
A significant body of research shows eccentric exercise elicits greater gains in lean

ntractions (15; 30; 54; 16). Hather et al. (28)

muscle compared to concentric and isome

found that maximal muscle hypertro gponse to resistance exercise is not attained unless

eccentric muscle actions are performed. To this end, eccentric actions are associated with a more

rapid rise in protein synthesi greater increases in IGF-1 mRNA expression (64), and more

S6

pronounced elevations d p (13) when compared with other types of contractions.

Several ex@ns ave been proposed to account for the hypertrophic superiority of

or one, it is associated with greater muscle damage which, as previously
<,

eccentric exer
V n to mediate a hypertrophic response (14; 31). Damage to muscle manifests
as Z-I@mmg, which current research suggests is indicative of myofibrillar remodeling (10;

Y@ds are critical sites for mechanotransduction and localized trauma is believed to

itate hypertrophic signaling (33). c-Jun NH_—terminal kinase (JNK), a signaling module of
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MAPK, appears to be particularly sensitive to eccentrically-induced muscle damage (7). The

activation of JNK by eccentric contractions is coupled with significant elevations in mRN

transcription factors involved in cell proliferation and DNA-mediated tissue repair (2;.3
Eccentric exercise also has been shown to provoke a preferential recruit %
twitch muscle fibers (64; 69; 53) and possibly elicit recruitment of previouslydinactive motor
units (50; 53). Increased high threshold MU recruitment occurs in conj on With a reduced
activation of slow twitch fibers, resulting in a greater amount of str @g&r unit (25; 45).
The net result is increased mechanical tension in Type 11 fibers Wause of their anaerobic
phenotype, have the greatest potential for muscle growth ( his was demonstrated by
Hortobagyi et al. (35) who investigated the effects of gccentrig contractions versus concentric
contractions on muscle CSA in the quadriceps. AQ s, type 1 fiber diameter was not
ric exercise resulted in a tenfold increase in

significantly different between groups, but e

diameter compared to concentric exercise

Finally, eccentric training is ith increased metabolic stress. Ojasto, &
Hékkinen (55) reported an elevate ate buildup and a corresponding spike in anabolic

hormonal levels following

@:} ed eccentric training, with the greatest increases noted when
intensities

training at higher eccentric

Given that @ rength is approximately 20-50% greater than concentric strength

(5), a general endation is to perform heavy negatives with a load between 105 to 125%

of concentfic his will allow the lifter to complete multiple repetitions at a supramaximal

intensjty. A 2\t0’3 second eccentric tempo is hypothesized to be ideal for maximizing a

h@ ic response (61).
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As with forced repetitions, a downside of heavy negatives is that a spotter is required fo

performance and, in instances where free weights are used, two spotters may be required ifthe

loads are sufficiently heavy. Moreover, forced reps also overtax the neuromuscular syste @
inte

therefore can hasten the onset of overtraining. Moderation is therefore required & ting

this technique into hypertrophy-oriented programs.

Conclusion g
Evidence suggests a beneficial effect for selectively includin& ps, drop sets,

supersets, and heavy negatives in a hypertrophy-oriented resistafee training routine. The lack of
direct research examining the hypertrophic effect of these L@s makes it difficult to
provide specific guidelines for volume and frequency. Howeyer, their fatiguing nature increases

prudent to limit their use to no

the risk for overreaching and overtraining, and it j§/
more than a few microcycles over the course periodized program. That said, people have
differing recuperative abilities and experimentation is therefore necessary to determine an

appropriate volume and frequency f idual. Potential signs of overtraining should be

continually monitored to optimize ts.

Moreover, these techn s'should be considered advanced training strategies. Their use

has a taxing effect on the'neftroimdscular system that is likely to exceed a beginner’s capacity for

adaptation. Based e author's experience, a minimum of several months of regimented

training is Wabefore integrating the techniques into a routine.
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