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Abstract:

The anabolic effect of resistance training can mitigate muscle loss during contest preparation. In
reviewing relevant literature, we recommend a periodized approach be utilized. Block and undulating
models show promise. Muscle groups should be trained 2 times weekly or more, although high volume
training may benefit from higher frequencies to keep volume at any one session from becoming
excessive. Low to high (~3-15) repetitions can be utilized but most repetitions should occur in the 6-12
range using 70-80% of 1 repetition maximum. Roughly 40-70 reps per muscle group per session should
be performed, however higher volume may be appropriate for advanced bodybuilders. Traditional rest
intervals of 1-3 minutes are adequate, but longer intervals can be used. Tempo should allow muscular
control of the load; 1- 2sec concentric and 2-3sec eccentric tempos. Training to failure should be
limited when performing heavy loads on taxing exercises, and primarily relegated to single-joint
exercises and higher repetitions. A core of multi-joint exercises with some single-joint exercises to
address specific muscle groups as-needed should be used, emphasizing full range of motion and proper
form.

Cardiovascular training can be used to enhance fat loss. Interference with strength training
adaptations increases concomitantly with frequency and duration of cardiovascular training. Thus, the
lowest frequency and duration possible while achieving sufficient fat loss should be used. Full-body
modalities or cycling may reduce interference. High intensities may as well; however, require more

recovery. Fasted cardiovascular training may not have benefits over fed-state and could be detrimental.

Key Words: caloric restriction, resistance training, aerobic exercise
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Introduction:

In the United States, over 200 amateur natural (drug tested) bodybuilding contests occurred
during 2013 and the number of contests is expected to increase in 2014 . Preparation for bodybuilding
competition involves drastic reductions in body fat. Typically, this is achieved through a decreased
caloric intake, intense resistance training, and increased cardiovascular exercise. The goal is not only to
decrease body fat levels, but to also maintain muscle mass.

Competitors partake in numerous dietary and exercise strategies to prepare for a contest.
Some have a strong scientific basis; however, many do not. The purpose of this article is to review the
scientific literature on training topics relevant to bodybuilding competition. In particular,
recommendations will be made pertaining to resistance training and cardiovascular training for natural

bodybuilders.

Methods:

An extensive literature search was performed using the PubMed, MEDLINE, SPORTDiscus
and CINAHL databases. Searches were performed for ‘bodybuilders’, ‘hypertrophy’, ‘resistance
training’, ‘exercise’, ‘bodybuilding’, ‘cardiovascular exercise’, ‘strength training’, ‘concurrent training’,
‘muscle’, ‘body fat’, ‘athletes’, and combinations of the aforementioned keywords. The publications
obtained were carefully screened for studies that included healthy humans or humans in a caloric deficit.
Studies on drug free bodybuilders were preferentially included. In their absence, long-term human
studies focusing on hypertrophy and body fat loss were selected; however, studies examining strength,
performance, and/or acute studies were selected in the absence of adequate long-term human studies.

In addition, author names and reference lists were used for further search of the selected papers for
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related references. Due to a lack of studies specifically on natural bodybuilders during contest

preparation and the broad nature of this review, a narrative style was chosen.

Resistance Training

Bodybuilders perform resistance training with the goal of achieving proportional maximal
hypertrophy across all muscle groups. During preparation before competition, typically 3-6 months >,
bodybuilders reduce body fat substantially and perform resistance training to prevent lean body mass
(LBM) loss. During severe caloric restriction, resistance training does not always attenuate LBM loss
56 but with less restrictive dieting and properly designed exercise it can be reduced or prevented **7!'1,
Hypertrophy may occur during weight loss; however, the overall magnitude is limited with greater gains
seen in novices, the untrained, and those who are overweight/obese!*!°.

During contest preparation calories are restricted and thus more time is spent in an energy deficit
resulting in a net catabolic state. To offset potential losses of LBM, resistance training is performed
during contest preparation for the goal of stimulating muscle growth. Even though hypertrophy is unlikely
during preparation, total muscle mass is a product of muscle protein balance; the combination of muscle
protein breakdown and synthesis. Thus, a resistance training program designed to positively influence
protein synthesis and increase muscle mass should be the goal during contest preparation. Logically, this
would mean that at its core a contest preparation training plan should be very similar to that of an
offseason training plan. That said recovery is impaired during this period, so a discussion of how to
appropriately design resistance training in a state of caloric restriction and reduced recovery follows.

There are three primary factors theorized to contribute to hypertrophy: mechanical tension,

metabolic stress, and muscle damage '°. An important point is that without the act of performing
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resistance to create mechanical tension, metabolic stress and muscle damage cannot occur. So while it is
theorized that these three factors can be emphasized in varying combinations and degrees to elicit an
optimal stimulus, it should be noted that progressive mechanical tension overload is the primary driver
for growth!”.

Individual adaptation to resistance training is highly variable '*. Training experience has a large
influence on the degree an individual can adapt to training and the more muscular adaptations that are
made, the harder it becomes to adapt further'. Additionally, the majority of available research has been
performed on untrained and novice populations % and while hypertrophy is typically seen in relatively
short time periods in these populations, highly trained bodybuilders who achieve a great deal of
muscularity may not make measurable improvements in muscle mass even over the course of a six
month period?'. Since progressive tension overload is the primary driver for muscle growth, this review
will cover strength adaptations as a secondary measure of importance in addition to hypertrophy.
Improvements in strength increase the load that can be used, both increasing mechanical tension and the
amount volume performed and strength improvements that occur after the novice period are more likely
to be due to morphological rather than neurological adaptations®**. In a practical sense, it also may be
easier to track and monitor strength gains rather than changes in muscle size in experienced
bodybuilders nearing their “genetic ceiling”.

Besides training experience, age, diet and other variables also alter the response to training.

Men adapt in greater magnitudes to strength training compared to women but, the adaptations are
fundamentally the same thus, no significant differences in training approach are needed when training
either gender 2*. The nutritional approach that bodybuilders take to prepare for competition also varies

and will alter the response to training®. Thus, results that some individuals achieve with certain regimens
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may not represent a norm. Therefore, the following should be seen as a guide to training while preparing
for bodybuilding competition. However, training should be tailored to the characteristics of the individual
and adjusted based on the response to training. For those seeking information on nutritional approaches

125

to bodybuilding preparation, the recently published review by Helms et al~> can be seen as a companion

to this review.

Periodization

Periodization is the process of organizing training in periods of macrocycles (often six months to
one or more years in length), mesocycles (often one to three months in length), and microcycles (often
one week in length). Different training parameters are utilized in phases to produce adaptation without
overtraining, stagnation or injury. This can be accomplished through many models such as: linear
periodization (LP) -decreasing volume while concurrently increasing intensity; reverse linear
periodization (RLP) - increasing volume while concurrently decreasing intensity; or with undulating
periodization (UP) - process by which concurrent adaptations are sought by utilizing multiple training
parameters on different days of the week, or in alternating microcycles. Block periodization (BP) is
another more recently developed form of periodization. It uses three or four mesocycles that are
truncated in comparison to the traditional LP models to theoretically avoid losses of adaptations from
previous cycles.

It is important to note that approaches to periodization within each of these models can vary
greatly and each should therefore be seen as a philosophy rather than a distinct system. Thus, the
conclusions of studies on periodization models can only be confidently applied to the iteration that was

researched in that study. Additionally, it should be noted that the traditional models of periodization are

6

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only
one copy of this Article. It is not permitted fo make additional copies (either sporadically or systematically, either printfed or electronic) of the Article for any purpose. It is not
permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to
the Arficle. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of
reprints for personal or commercial use is not permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the
Publisher may post on the Article. It is not permitted fo frame or use framing technigues to enclose any trademark, logo, or other proprietary information of the Publisher.



COPYRIGHT® 2014 EDIZIONI MINERVA MEDICA

primarily intended to create a peak in athletic performance during competition. This is not the focus of
bodybuilding as a “peak” is achieved via an aesthetic ideal largely influenced by diet rather than a
maximized level of strength or power largely influenced by training. Thus, for utility in bodybuilding we
will review periodization models in the context of which models seem to promote the most efficient
muscular adaptations in trained populations. For a more in depth discussion and definition of
periodization and its related terminology see the review by Anthony °.

Several groups of researchers have compared the efficacy of various types of periodization.
Prestes et al *’ investigated a comparison of LP and RLP and found a significant 7% increase in LBM in
the LP group; while non-significant increases in LBM (4%) were reported in the RLP group over the
course of training. Moreover, a significant 17% decrease in body fat mass was observed in the LP
group while the RLP group showed non-significant decreases in body fat mass (11%) from start to
finish. The authors noted that further study of LP should be undertaken with a comparison to the UP
model.

In many of these comparisons, it would seem that the UP model is superior to LP in eliciting
performance improvements®*. However, the occasional study has found no significant differences
between these two models®® and one study has shown LP to be slightly more effective than UP3!,
Additionally, sometimes despite differences in performance significant differences in body composition
have not been observed in studies comparing LP and UP*-*!. However, these studies have looked
primarily at recreationally trained and novice populations. Bodybuilders that have high degrees of
training experience may not experience LBM gains in the short term 2!. Thus, it may be more valuable to
examine studies of UP compared to LP in well trained subjects and to also consider strength gains made

in these populations. When reviewing these studies, only one study found similar strength gains between
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UP and LP ¥, while the majority 3*-* indicate superior strength gains when utilizing an UP model.
Disparities in program design between studies make it difficult to draw firm conclusions on the
superiority of one model versus another, particularly given the virtually endless number of ways that
program variables can be manipulated within the context of a periodized routine.

More recently, BP has been compared to both LP * and UP *7 in trained strength and power
athletes. In one investigation, BP appeared to provide greater gains in bench press strength when
compared to LP *. In another study by Painter et al.>’, BP was observed to produce similar gains in
strength compared to UP even when less total volume was performed using the BP model. However,
the model of daily UP used by Painter and colleagues®” was one that was recently found to be a sub
optimal design for strength development compared to an alternative UP model*®. Zourdos found that
when the UP model is changed from the traditional daily order of ‘hypertrophy, strength, power’ to an
order in which power is placed before strength, greater strength development occurs in competitive
power lifters®®. Theoretically, this order allows additional time for muscle damage repair before the
strength workout is performed which may allow for superior performance.

As a final note on the comparison of BP and UP by Painter et al.*’, more volume was
performed by the group using the UP model. While the authors suggested that this indicated inefficiency
of the UP model, it could be seen as a positive for bodybuilders given that strength is a secondary
outcome indicative of progressive overload, while volume is a primary determinant of muscle
growth***2, Perhaps in support of this viewpoint, the UP group in this study increased body mass by
3.7% while the BP group increased body mass by 1%°’. However, this difference was not statistically

significant.
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In the context of bodybuilding, the only firm conclusion that can be made is that a periodized
approach to training is clearly more effective in achieving muscular adaptations than a non periodized
approach®>**_ However, BP and UP appear to be models which consistently produce strength
improvement in well trained lifters faster than a LP model or allow for the performance of higher volume

without overtraining and therefore may be of interest to bodybuilders.

Frequency of Training

Training frequency is a way to organize the work load in a given microcycle. Increasing
frequency of training can substantially increase total volume if the volume per workout is kept static.
However if the volume of a given microcyle is not altered, yet that volume is split up over more training
sessions, this could potentially allow the same volume to be performed with less fatigue per session. In
fact, a body of evidence in resistance trained subjects and strength athletes suggests that there is a
threshold to how much volume can be done in a single session before the quality of that volume
degrades; as it has been observed that neuromuscular adaptations ***” hormonal markers for

4648 strength improvement*®>° and gains in LBM** are higher in some equated-volume

recovery
programs with a higher frequency and less volume per session.

In a systematic review of 60 studies on hypertrophy by Wernbom et al?, it was determined that
rapid progress is made by novices performing very high frequency training (training each muscle group
as much as four times per week), and intermediate trainees make optimal progress training each muscle
group two to three times weekly. However, there was not enough data on very high frequency training

in trained subjects to determine if frequencies higher than two to three times weekly could prove even

more effective. The authors suggested that very high frequency training in advanced lifters requires more
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study %. Recently, Schoenfeld et al.* investigated muscular adaptations in a bodybuilding- versus a
powerlifting-type resistance training program. The group performing bodybuilding-type training worked
each muscle group once per week using a split-body routine while the powerlifting-type group worked
each muscle group three times per week using a total-body routine. Total volume load was equated on

a weekly basis. After 8 weeks, both groups showed significant increases in thickness of the biceps
brachii with no significant differences noted between groups. Although this suggests that differences in
training frequency are irrelevant to the hypertrophic response provided an equal volume load, it should
be noted that the repetitions, sets, and inter-set rest intervals differed between groups, making it difficult
to draw cause-effect conclusions on the topic. Moreover, recently completed research showed that
professional bodybuilders performing a volume-equated four versus six day-a-week training program
experienced similar increases in fat-free mass as measured by dual energy x-ray absorptiometry
(Ribeiro et al. In Review). The subjects in this study were in a hypercaloric state, however, thus limiting
generalizability to bodybuilders in the pre-competition phase.

Although training muscle groups more than once per week may be beneficial under normal
conditions, there is a paucity of research that has investigated advanced lifters in a caloric deficit whilst
also performing cardiovascular training, as is commonly seen in bodybuilding contest preparation.
During preparation, bodybuilders commonly increase volume °!, but since hypertrophy under these

d 3,4,52

conditions is limite , it may also be beneficial to determine what frequency is needed to maintain or

perhaps slightly increase muscle mass while avoiding overtraining.
We propose training each muscle group 2 to 3 times weekly?° for most bodybuilders, but we
also acknowledge that very limited study of advanced lifters has been performed. Additionally, optimal

frequency is integrally linked with volume per session. Thus, performing higher volumes per session
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would likely necessitate a lower frequency per week, and vice versa. However in the context of the
volume found to be optimal in the meta analysis performed by Wernbom and colleagues (~40-70 reps
per muscle group per session)?, it is suggested that training each muscle group 2 to 3 times per week
may be appropriate for the majority of bodybuilders. Or at the very least, this frequency and volume of
training can be seen as a starting point from which to adjust based on individual response. A case can
be made for periodizing frequency over the course of a pre-contest phase, altering the number the
number of times a muscle group is trained weekly in accordance with individual response. This

hypothesis warrants further study.

Number of Sets and Volume

Total volume is determined as the product of sets, repetitions and load. While an increase in
training frequency can create the largest increase in volume in a microcycle if volume per session is kept
static, an increase in the number of sets performed (and thus total repetitions) can also substantially
increase volume. A recent meta analysis by Krieger reported 40% greater hypertrophy when multiple
sets were compared to single sets *°. Furthermore, effect sizes for hypertrophy tended to increase as
sets increased (0.24 for 1 set, 0.34 for 2-3 sets, and 0.44 for 46 sets). It seems that while there may
be a linear increase in hypertrophy along with a concomitant increase in the number of sets performed,
there is also evidence that doing too much volume in a single session can actually be detrimental to
hypertrophy beyond a certain point 2**>°, This suggests an inverted U response to volume, whereby
there is a “sweet-spot” that maximizes the hypertrophic response to resistance training. Based on the
inter-individual response to training, the exact threshold would vary between bodybuilders based on

training age, genetic- and lifestyle-related factors.
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In Wernbom and colleagues’ systematic analysis of hypertrophy studies in the elbow flexors and
the quadriceps®, it was found that rate of increase in cross sectional area (CSA) of the elbow flexors
increased from 0.15% per day when 7-38 repetitions per session were performed, to 0.26% per day
when 42-66 repetitions per session were performed, but then fell to 0.18% per day when 74-120
repetitions per session were performed. In the quadriceps, a similar trend was found with the highest
rate of gain (0.13% per day) occurring in the moderate repetition range (40-60 repetitions per session).
However, in the quadriceps the reduction in rate of CSA increase was smaller compared to the elbow
flexors when more repetitions were performed. A CSA increase rate of 0.8% occurred when 66-90
repetitions per session were performed and 0.12% when 100 or more repetitions per session were
performed?. It should be noted that the vast majority of these studies were carried out in untrained
subjects, limiting generalizability to a bodybuilding population.

Observing a similar trend, Ronnestad et al **

found no significant differences in hypertrophy
between single and multiple sets in the upper body while the lower body responded significantly more to
multiple (11%) sets versus single (7%) sets in a sample of untrained subjects. Thus, it appears that the
lower body may be more resilient to higher volumes than the upper body. These regional differences in
the hypertrophic response to training may reflect the “training age” of different muscle groups of the
subjects. Possibly due to our ambulatory nature, the lower body tends to respond in a slower fashion in
terms of hypertrophy than that of the upper body in response to a similar number of repetitions per
workout, and seems to be more resilient to higher volume training. However, in well trained

bodybuilders who have trained their entire body for years, these regional differences may not exist or

may be substantially reduced.
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As previously stated, volume is a primary determinant of muscle growth**** and continued
adaptation requires progressive overload>®. Thus, volume should likely be increased as the training age
and workload capacity of the individual advances . That being said, in a study of seventy untrained
adults, both young and old, it was found that muscle size can be maintained with as low as one third the
training volume that initially produced adaptation *’. Thus, while the goal may be to increase training
volume globally over the career of a bodybuilder to accommodate advancement towards his or her
genetic potential, it can be potentially lowered to a degree during contest preparation to accommodate
fatigue and reduced recuperative abilities without necessarily compromising muscle size. Therefore,
intermittent periods of lower volume training could be used as a recovery strategy between training
cycles to help to prevent overtraining during contest preparation.

To conclude, ~40-70 repetitions per muscle group per session with the appropriate
combination of intensity and frequency of training appears to be the optimal balance for creating a
hypertrophic stimulus in beginner and intermediate trainees. Some advanced bodybuilders may require
higher volumes of training for continued adaptation. Furthermore, volume should be scaled according to
work load capacity, experience and differences in the response of specific muscle groups. Lastly,
planned periods of reduced volume (i.e. deloads) may allow recovery between cycles of training. This

may be an especially useful approach during contest preparation as recovery will likely be impaired.

Repetition Range and Intensity
When volume is equated, intensity may be the overriding factor in determining the magnitude of
hypertrophy®®®. Thus, many researchers have sought to examine the ideal repetition range and intensity

for hypertrophy. Campos et al. ** examined the effects of using loads in the 3-5, 9-11, or 20-28

13

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only
one copy of this Article. It is not permitted fo make additional copies (either sporadically or systematically, either printfed or electronic) of the Article for any purpose. It is not
permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to
the Arficle. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of
reprints for personal or commercial use is not permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the
Publisher may post on the Article. It is not permitted fo frame or use framing technigues to enclose any trademark, logo, or other proprietary information of the Publisher.



COPYRIGHT® 2014 EDIZIONI MINERVA MEDICA

repetition ranges and found that the 3-5 and 9-11 repetition ranges resulted in a 12.5%, 19.5%, and

26% increases in CSA for type I, type IIA, and type IIB fibers, respectively. However, no significant
differences in CSA were observed in the 20-28 repetition range group. Similarly, Schuenke et al. %
randomized untrained women to perform multiple sets of the squat, leg press, and leg extension at either
a moderate intensity (80-85% RM) or a low intensity (~40-60% RM) for 6 weeks. Results of muscle
biopsy showed significant increases in both type I and type II fiber CSA for the traditional group
whereas the low-load group saw no significant increases in fiber-type hypertrophy. On the other hand,
several studies have shown similar hypertrophic increases when comparing very low- (<50% 1RM)
versus high-load training®!-®*. When taking the body of literature into account, it is clear that training with
low-loads can promote substantial hypertrophy, sometimes reaching levels similar to that of heavier
loads. Additionally, it has been speculated that combining low- with high-load training can be synergistic
for enhancing gains in muscle mass®. Studies on well-trained subjects are lacking on the topic and thus
further investigation is needed to establish proof of principle.

Although low to moderate repetition range resistance training may be beneficial for increasing
muscle size, exclusively low repetition, low volume, heavy weight training, even at loads of 90% 1RM
may not produce significant changes in CSA if insufficient volume is performed®. Thus, while optimal
loads should be used, sufficiently high volumes must be utilized to maximize the hypertrophic response.
In support of this, Goto et al *' showed a trend (p=0.08) for increased hypertrophy when high
repetition, low intensity training (one set at 25-35 RM) was added after low repetition, high intensity
training (5 sets at 3-5 RM) versus when low repetition, high intensity training was performed alone.
Despite the low load utilized, its addition effectively increased the total work performed and thus

augmented hypertrophy.
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Researchers have examined the effects of numerous training repetition ranges, and the ACSM
has concluded that repetition ranges of 1 to12 with intensities of 1 to 12RM can be utilized in the
context of a periodized program to elicit hypertrophy *. Fine tuning these recommendations further,
authors of a recent systematic review concluded that to produce optimal changes in CSA, a repetition
range of 6 to12 using 70-80% of 1RM should be the primary training intensity utilized 2.

To put it into context, a higher percentage of 1RM will create more recruitment of muscle upon
initiation of a set and “train” muscle at an earlier point than when performing higher repetition training.
However, high loads necessitate low repetitions, create high fatigue, require longer rest periods and
make the performance of adequate work for hypertrophy difficult. In fact, a recent study by Schoenfeld
and colleagues found that equated volume performed with 3RM sets and three minute rest periods
versus 10RM sets and 90 second rest periods took nearly four times as long to complete®. Thus while
the “hypertrophy repetition range” may not necessarily be mechanistically superior for eliciting muscle
growth, it may be practically superior as it provides enough mechanical tension and allows for enough
volume to be completed in a time-efficient manner.

However, it should be noted that the participants in Schoenfeld and colleagues recent study
performing heavier load training experienced greater increases in strength than the moderate load
group®. High-repetition low-load training emphasizes metabolic fatigue and aids in the development of
muscular endurance, while low-repetition high-load training emphasizes mechanical tension and aids in
the ability to handle heavier loads through neurological adaptation. Thus, the authors suggested that both
high-repetition low-load and low-repetition high-load training should be included to some degree

alongside moderate-load moderate-repetition training to maximize all possible avenues of hypertrophy*;
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which has been previously theorized as a method to augment hypertrophy perhaps by enhancing type [

muscle fiber size®.

Exercise Order

The order of exercise impacts adaptation to resistance training. Greater volumes are
accomplished with the first exercise performed®®®” which may result in greater hypertrophy in muscles
trained by the initial movements. Thus, compound movements that train multiple muscle groups at one
time in an efficient manner, should normally be placed first within a workout. The common practice by
bodybuilders of “pre fatiguing” a muscle by training it in isolation first followed by training it with a
compound lift, might not be effective at improving recruitment of the target muscle . More likely this
practice augments the recruitment of synergists to make up for the fatigued prime mover. Exercise order
could also be prioritized based on the needs of the competitor, as greater hypertrophy may be observed
in muscle groups trained with the initial 1ift°. Therefore, muscle groups that are lagging in the
development of a proportional physique could be prioritized early in an exercise session. Prioritizing
“weak points” by achieving higher volumes on these muscle groups during contest preparation early in

the exercise session may help to minimize muscle loss in these areas which could worsen proportionality.

Inter-Set Rest interval

Increasing or decreasing inter-set rest intervals has a significant impact on the performance of
subsequent sets as well as the hormonal response to exercise. Thirty to sixty second rest intervals
increase acute growth hormone response and for this reason are frequently recommended for

hypertrophy %, However, West et al. " observed that acute increases in anabolic hormones, such as
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free testosterone, growth hormone, and insulin-like growth factor 1, during training did not show a
significant relationship with hypertrophy. De Souza "' found no significant difference in muscle CSA,
maximal strength or isokinetic peak torque te when rest intervals of 2 minutes were incrementally

decreased from 2 minutes to 30 seconds. In addition, Buresh et al 7?

observed no significant differences
in strength or hypertrophy with 2.5 min rest intervals compared to 1 min rest intervals, despite greater
acute anabolic hormonal responses during the shorter rest period training. Extending rest periods even
further, Ahtiainen et al. > compared 2 minute rest periods to 5 minute rest periods in protocols of
matched volume, with differing intensities. No significant differences in muscle size or strength were
found.

It seems clear that restricting rest intervals for hypertrophy training may not be necessary. As
previously stated, the guideline for restricting rest intervals has been proposed in part to augment
increases in hormone levels, often growth hormone. However growth hormone, even when taken
exogenously at levels comparable to doping programs for a full month, does not appear to have a
significant impact on hypertrophy’. Thus, it is not surprising that variations in the natural hormonal
responses to training which are small in magnitude and short in duration lack a significant relationship
with muscle growth’. Restricted rest periods have also been recommended to augment metabolic
fatigue to enhance hypertrophy’®. While this theory is sound, no investigation to date has yet found
variations in rest periods between 1 to 5 minutes to alter the hypertrophic response.

The commonly recommended rest periods of one to two minutes for hypertrophy are likely
acceptable. While traditional rest periods for hypertrophy training appear not to hamper performance,

longer rest intervals should be taken as needed to maintain volume and load, especially during contest

preparation where recovery is potentially hindered.
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Repetition Tempo

Changes in repetition tempo and speed alter the acute physiological response to resistance
training '%%"7. With little exception ’®, normal tempo, full contraction spectrum, traditional resistance
training results in superior adaptations when compared to slow tempo training which necessitates lighter
loads 7. Thus, a tempo that maintains muscular tension during the concentric and eccentric phases
without sacrificing the magnitude of load may be optimal. However, with concern to minute alterations in
tempo that do not alter the load the subject is able to use, it is unclear if tempo has a significant impact
on hypertrophy®+*¢.

Often, conclusions about the importance of repetition tempo during the concentric and eccentric
phases of lifts are made based upon studies examining concentric-only and eccentric-only training.
When comparing eccentric training to concentric training, eccentric training elicits a greater hypertrophic
response®*®’. This could be caused by increased total volume as greater loads can be used in eccentric

training 277

, or by increased muscle damage which may impact muscle growth 8%, That being said,
eccentric or concentric-only studies may not provide appropriate data to inform contraction tempo for
traditional resistance training which is neither eccentric nor concentric only.

When emphasizing different tempos for the eccentric and concentric portions of each repetition,
the results are mixed with regards to hypertrophy’®#%° Authors of a systematic review of training
variables that influence hypertrophy ?° and the most recent ACSM position stand on resistance training
%6 advise 1-2 second concentric and eccentric contractions during traditional resistance training for

hypertrophy. However, in a review on the mechanisms of hypertrophy, Schoenfeld '® advises 2-4

second eccentric contractions.
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Some researchers have concluded that contraction mode may not be the primary determinant of
muscle architectural adaptations 3 and training with slow speed concentric versus eccentric contractions
does not significantly alter rate of force production *. In a study comparing moderate speed eccentric
contractions (2 seconds) to slower eccentric contractions (4 seconds), heavier loads, greater work, and
greater responses in IGF-1 occurred with moderate speed eccentric contractions’®. Notably, metabolic
stress, muscle damage and other factors that are effected by tempo which influence hypertrophy '® were
not measured in this study. Thus, highly specific guidelines for lifting tempo, especially for the eccentric
portion, cannot yet be made based on the limited extent of current research.

What can be concluded is that extremes on either end of the lifting tempo spectrum are likely
sub optimal for hypertrophy. Most importantly it must be understood that “time under tension” is not the
only variable that matters for hypertrophy. The magnitude of tension must also be considered**~*,
Higher relative loads require slower tempos because the lifter has only enough strength to overcome the
mass of the load to move it. Likewise, lighter loads can be moved with greater speeds if more
contractile force is applied. Thus, even if a moderate load is lifted quickly and time under tension is
decreased, this can result in more work performed’. However, regardless of tempo of lifting muscle
should control the weight during the concentric phase and muscle, not gravity, should lower the weight
during the eccentric portion. Thus, 2-3s eccentric tempos should be performed and the concentric
phase should be performed with maximal intentional force, which will likely result in 1-2s concentric
contractions if using appropriate loads for hypertrophy training?®**’®. Moreover, when novices are given
expert instruction on how to perform a movement, this can enhance activation of the given muscle’!.

Thus, repetition tempo should therefore also take into account the time it takes an individual to properly

perform a movement and contract the target muscle throughout its full range of motion.
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Training to Failure

While not required to produce hypertrophy 2, training to failure causes increased stimulation of
motor units and muscle fibers. Therefore, it may have potential as a method of achieving hypertrophy.
However, because of the demand of training to failure it should be planned for, cycled into training and
used sparingly during contest preparation to avoid injury or negative performance effects '*%2, If
improperly implemented, training to failure can alter the ability of the lifter to train with the optimal
frequency, volume or intensity if the fatigue generated is too high ?. Despite potential benefits, if fatigue
reduces the number of repetitions or loads used in subsequent sets, exercises or training sessions (and
therefore total training volume), it could negatively impact hypertrophy over time. There also is evidence
that continually training to failure negatively alters chronic hormonal balance in a manner that is indicative
of overtraining syndrome **.Thus, training to failure should be used in a focused, planned manner and
considered an advanced training technique *, rather than utilized haphazardly, especially during contest
preparation.

Although previous discussion seems to not necessarily support regular training to failure, there
are potential uses for regular failure training in the context of bodybuilding. Compared to multi-joint
exercises, lifts for isolated muscle groups cause lower levels of perceived exertion *°, neural recruitment
% and hormonal response °’ and as a result, recovery from these exercises is quicker and they are
therefore considered less demanding 8. Also, lower repetitions with heavier loads emphasize
mechanical tension and high levels of neurological recruitment, while higher repetition sets with lighter
loads produce more metabolic fatigue *°. Thus, the recovery period from higher repetition, isolated

muscle-group training may be less than that needed for heavy, multi-joint training. Therefore, one might
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optimize the benefits and minimize the downsides of training to failure during contest preparation by

utilizing this technique primarily with single-joint exercises in higher repetition ranges.

Exercise Selection and Form

While the quantitative variables listed thus far largely determine the adaptations that training
produces, the quality of the training should not be ignored. Targeted hypertrophy can only be achieved if
the intended muscle is activated and overloaded. Snyder et al. *! found activation of the latissimus dorsi
was increased by 17.6% when lat pull-downs were performed after expert instruction compared to
performance without prior instruction. Furthermore, a full range of motion was shown to be superior in
terms of increasing muscle girth compared to a partial range of motion in the elbow flexors (9.6% vs.
7.8% increase) '™ and deep squatting produced more complete muscular development of thigh

musculature compared to squatting performed in a limited-range'!

. Thus, it may be best for
bodybuilders to use proper form and full range of motion to enhance hypertrophy. Furthermore,
bodybuilders sometimes exhibit limited joint range of motion '*?, therefore full range of motion training
and a balance of strength across muscle groups may help to prevent injury during training.

Skeletal muscles are often compartmentalized ', and different compartments are preferentially
activated based on joint position and angle '**. Thus, reviewers of hypertrophy training have
recommended a wide exercise variety and frequent exercise rotation based on the fact that variations in
angle, plane of motion and grip position can change muscle activation patterns and may therefore
maximize hypertrophy '!%, A recent study by Fonseca et al.'” seems to support this contention,

showing that a volume-equated combination of the smith machine squat, leg press, lunge, and deadlift

produced more uniform muscle hypertrophy of all four quadriceps muscles compared to performing the
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smith machine squat alone despite a similar change in CSA. Given this data, it is tempting to a broadly
recommend the use of a wide variety of exercises to maximize muscle development; however such a
recommendation could potentially be detrimental if taken to extremes.

The initial strength gains seen when performing new exercises are predominantly attributed to
neuromuscular adaptation »*. As the movement skill is acquired and becomes more fine-tuned over time,
the muscle can be exposed to increased loading, aiding morphological adaptations as training continues
22, Therefore, while training with greater exercise variety may theoretically increase hypertrophy more
than training with a limited exercise selection, if the frequency of exercise rotation is taken too far, a
bodybuilder may spend more time developing motor skills with sub optimal loads than eliciting a
hypertrophic response.

A middle of the road approach might be the optimal strategy to maximize hypertrophy.
Multi-joint movements recruit large amounts of muscle mass via prime movers, synergists and stabilizers,
and single joint movements can be used to address specific lagging muscle groups or asymmetries '°. An
approach utilizing a core group of multi-joint movements for the majority of training with some adjunct
single-joint movements to reach the target volume for any given muscle group is suggested. Rotation of
the core group of multi-joint exercises should occur infrequently and only to vary the frequency of their
appearance in training rather than to completely remove them at any time point. This will allow a
bodybuilder to maintain movement proficiency on these more complex lifts. Secondary single-joint
exercises can be rotated on a more regular basis, but not to the point where they are altered every
microcycle. This may make training more efficient, which could be crucial during contest preparation

when recuperation is more difficult. Since muscle symmetry is paramount to success in bodybuilding
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competition, there should be a focus on exercises specific to bringing up weak muscle groups and a

de-emphasis on those that are strong points.

Cardiovascular Training

Weight loss is achieved when energy expenditure exceeds energy intake!”’. This can be
achieved through reduction in caloric intake; however, an adequate caloric intake must be provided in
order to preserve physical and mental health and to maintain LBM. Caloric restriction alone may not be
enough for competitors to achieve extreme levels of body fat loss required for competition. Therefore,
cardiovascular training or “cardio” is often performed to increase energy expenditure and further weight
loss. This section will review the published studies on endurance training as applied to bodybuilding.
Issues of interference of endurance and strength training, intensity of cardiovascular training, and fed

versus fasted cardiovascular training will be discussed.

Interference

Interference in the context of this article refers to a reduction in strength, power, and/or
hypertrophy when endurance training is added to a strength training protocol'®. Interference is thought
to occur as a result of conflicting responses to strength or endurance training such as differences in fiber
type transformations and changes in motor recruitment. Additionally, endurance training may result in
reduced muscle glycogen content or may impair recovery, both of which may inhibit performance during
strength/hypertrophy training '*!'°. Numerous studies have found that endurance training results in
111-1 14;

significant decrements in muscle strength and/or hypertrophy when added to strength training

however, not all studies have observed such findings ''>!'®. The discrepancies in these studies may be
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due to the quantity, intensity, and/or modality of the endurance exercise protocol added to a strength
training program. A recent meta-analysis of 21 studies examining the effects of concurrent training on
muscle strength and hypertrophy found a significant negative correlation between hypertrophy, strength,
and power and the number (r = -0.26, r = -0.31, r = -0.35, respectively) and length (r =-0.75, r =

-0.34, r = -0.29, respectively) of cardiovascular training sessions performed weekly '%. Interestingly,
interference was body part-specific. For example, when running or cycling was performed, significant
decrements in muscle strength and hypertrophy were only observed in the lower body. In addition,
modality of cardiovascular training was shown to play a role in interference. Running resulted in
significant decrements in both strength and hypertrophy; however, cycling did not, possibly due a lesser
eccentric component in cycling which may have resulted in less muscle damage. Overall, it appears that
interference can be minimized by performing the lowest number and duration of cardio sessions per
week. However, some cardio may need to be performed in order to achieve minimal body fat levels.
Thus, when cardio is performed, utilizing full-body exercises (e.g. light weight cleans or kettle bells) or
cycling may be more preferable to running to prevent interference. Temporally separating cardio from
strength training sessions and separating body parts trained during cardio and strength training workouts

(e.g. upper body cardio, lower body strength training) may further reduce interference.

Intensity
The ideal intensity of cardio for fat loss during contest preparation is highly debated. High
intensity cardio provides many benefits including similar adaptations to low-intensity cardio such as

skeletal muscle mitochondrial biogenesis, muscle oxidative capacity and buffering capacity, but in less

117,118

exercise time . Moreover, high intensity cardio may result in reduced interference with strength
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training %11

, and significantly increased post-exercise oxygen consumption (EPOC) '** when

compared to low intensity cardio. However, it is unknown if EPOC is additive when performing both
resistance training and high intensity cardio in a single session or if a ceiling for EPOC exists following a
single workout. In addition to the aforementioned benefits, high intensity cardio burns primarily
carbohydrate during exercise. It has been suggested that if more carbohydrates are burned during
exercise, more fat is burned throughout the rest of the day and vice-versa '?'. Indeed, a study

comparing 20 weeks of high intensity interval exercise to low intensity exercise found significantly
increased activities of many enzymes involved in fat oxidation and significantly increased fat loss with
high-intensity interval training compared with low-intensity endurance training (-14 mm vs. -5 mm on a 6
site skin-fold test, respectively) *2. However, it should be noted that the body composition
measurements were performed with skin-fold calipers and a description of the researchers skill or
reliability when performing the measurements was not given, thus, the results of this study need to be
replicated using more precise body composition measurements. Although high intensity cardio provides
many benefits to dieting bodybuilders, it may be more difficult to recover from high intensity cardio and
it may not be appropriate for everyone due to individual recovery rates. Therefore, high intensity cardio

should be performed if possible; however, the selection of cardio intensity should be based on individual

recovery rates.

Fasted Cardiovascular Exercise
Many bodybuilders perform cardio in the fasted state in an attempt to increase fat oxidation and
lose additional body fat; however, the scientific literature does not support additional benefits of fasted

cardio. In fact, increased nitrogen loss, equivalent to nearly 14 gm of amino acids per hour has been
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observed during 60 minutes of fasted cardio '**. However, it should be noted that the authors could not
identify the source of the nitrogen nor is it known if the increase in amino acid oxidation has a long-term
effect on muscle tissue if amino acids are replenished after exercise. Additionally, studies examining the
effects of carbohydrate consumption prior to cardio on fat oxidation during exercise have shown mixed
results. Some studies have found that carbohydrate consumption prior to cardio significantly reduces fat

124-126

oxidation during exercise while others have shown that pre-exercise carbohydrate consumption

127128 However, acute changes in fat oxidation

has no significant effect on fat oxidation during exercise
during exercise are not as important as the total fat oxidation over the course of the day and, as
previously discussed, if more carbohydrates are oxidized during exercise, more fat is oxidized
throughout the course of the day '?'?°. Therefore, consumption of carbohydrates prior to exercise
resulting in a decreased fat oxidation during exercise may actually result in increased fat oxidation
throughout the day '*!. In support of this contention, a recent study by Paoli et al. '** demonstrated that
respiratory exchange ratio was significantly lower at 12 and 24 hours after fed versus fasted cardio,
indicating that consuming a meal prior to exercise results in a prolonged shift toward lipid use following
the training bout. The effects of carbohydrate intake prior to endurance exercise on exercise

d 127.131

performance have also shown mixed results with researchers reporting increase or no difference

132133 in performance. Interestingly, branched chain amino acid consumption prior to endurance

exercise has been shown to increase fat oxidation and increase time to fatigue by 17% '**. However,
additional studies are needed to verify this finding and long-term studies need to conclusively determine
if fasted cardio results in additional fat and/or muscle loss than fed cardio, especially in trained athletes at

extremely low levels of body fat, such as competitive bodybuilders.
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The ideal form of cardiovascular training for dieting bodybuilders has not been conclusively
determined due to a lack of long-term studies comparing endurance training protocols and modalities in
athletes. Based on the available data, it is recommended that bodybuilders perform the lowest number
and duration of cardiovascular sessions possible (while still meeting their need to maximally reduce
subcutaneous body fat) to reduce interference with strength training. Either full-body modalities or
cycling may be preferred to further reduce interference. High intensity is recommended if possible,
however, the intensity of cardio performed should be determined by individual recovery needs.
Additionally, although fasted cardio may increase fatty acid oxidation during exercise, there is little
evidence that fasted cardio increases fat loss long-term. If anything, fasted cardio may be detrimental
due to increased amino acid oxidation and reduced performance during exercise. Therefore, it is not
recommended that fasted cardio be performed by bodybuilders preparing for competition. Overall,
long-term studies are needed to conclusively determine the ideal cardio protocol for dieting

bodybuilders.

Conclusions:

With the increasing popularity of natural bodybuilding, and the relative lack of science-based
information for bodybuilding competition, the recommendations herein can provide the framework for
designing training plans for natural competitive bodybuilders. However, the successful reduction of body
fat to levels seen in competitive bodybuilding requires an intense focus on diet and nutrition. Therefore,
this article should not be used as a comprehensive set of guidelines for competitive bodybuilding, but
rather in conjunction with appropriate nutritional strategies for maintaining LBM and maximizing

subcutaneous fat loss. For more information on nutritional strategies for competing natural bodybuilders,

27

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only
one copy of this Article. It is not permitted fo make additional copies (either sporadically or systematically, either printfed or electronic) of the Article for any purpose. It is not
permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to
the Arficle. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of
reprints for personal or commercial use is not permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the
Publisher may post on the Article. It is not permitted fo frame or use framing technigues to enclose any trademark, logo, or other proprietary information of the Publisher.



COPYRIGHT® 2014 EDIZIONI MINERVA MEDICA

readers are referred to the recent review by Helms et al. 2°. Furthermore, the relative paucity of
research utilizing natural bodybuilders as participants necessitates that many of the recommendations
herein be based on logical conjecture from long-term studies on skeletal muscle hypertrophy and body
fat loss in dieting human populations.

We encourage future research to be undertaken on natural bodybuilders in the contest
preparation phase to broaden these guidelines and confirm the efficacy of the recommendations.
Furthermore, this review focuses on the traditional resistance training approach and acute variables as
they relate to hypertrophy. However, there are intriguing nontraditional concepts relevant to
bodybuilders such as utilizing: “flexible non-linear periodization” where session-selection is based on
self-reported recovery'®®, “auto-regulated” periodization which adjusts load based on current and prior
session performance'®, blood flow restriction to augment the hypertrophic effects of resistance

1 138

training'?’, active aerobic recovery during the inter-set rest interval '*, or providing a stretch induced

tension stimulus in addition to traditional resistance training '*° that merit future study. Finally, trainers
and athletes reading these recommendations should always take care to assess the individual response

to exercise and adjust accordingly to maximize results.
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