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Abstract

Periodization is a core concept in training. Recently, systematic
reviews and meta-analyses have attempted to provide a compre-
hensive overview of the topic, but theoretical criticisms have
arisen with regard to how such research has been conducted.
The purpose of the study was to review comprehensively the
conceptual and methodological issues surrounding empirical
research on periodization in training with human subjects. A
search was conducted late in February 2016 on Academic
Search Complete, CINAHL Plus, MedicLatina, MEDLINE,
PsycINFO, PubMed, Scielo, Scopus, SPORTDiscus and Web of
Science. Forty-two randomized or randomized controlled trials
were retrieved. Problems emerged in three domains: (a) Concep-
tually, periodization and variation were applied differently in
research, while no empirical research tested predictions concern-
ing direction, timing or magnitude of the adaptations; (b) Study
design: More than 95% of papers investigated the ‘physical’
factor (mainly strength). Research on long-term effects was
absent (no study lasted more than nine months). Controlling for
confounding factors such as nutrition, supplementation and
medication was largely ignored; (c) Data analysis was biased as
dispersion in responsiveness was ignored when discussing the
findings. Overall, research on periodization fails to analyze the
conceptual premises proposed by these approaches.

Key words: Periodized programs, randomized trials, research
paradigms.

Introduction

Periodization is a core scientific concept of training theo-
ry and methodology, and is widely acclaimed as being
beneficial in exercise prescription, both for performance
and health purposes (Issurin, 2008; Naclerio et al., 2013).
It consists of the “systematic planning and structuring of
training  variables throughout designated training
timeframes aimed at maximizing performance gains and
minimizing the potential for overtraining or decrements in
performance” (Harries et al., 2015, p. 1113). As its defini-
tion implies, periodization requires training variation
(Gamble, 2006), but extends well beyond that. Indeed, it
aims at achieving peak performances in certain, pre-
specified periods in time (Fleck, 2008; Turner, 2011),
while also avoiding overtraining and reducing the risk of
injury (Naclerio et al., 2013).

It might be argued that performance or learning
environments can rarely be well predicted in advance
(Davids, 2012). Learning settings bring about novelty,
which by definition cannot be predicted (Ellis, 2005), as it
is the result of dynamic self-organizational properties that

cannot be established a priori (Davids et al., 2003;
Lames, 2003). Furthermore, all predictions have to deal
with the sensitivity of systems to the initial conditions
(Aicinena, 2013), whereby the slightest differences may
result in extremely amplified divergences after a period of
time (Cubitt et al., 2015). In this respect, even so-called
non-linear periodization is linear in its prediction of out-
comes (Denison and Scott-Thomas, 2011), as it uses a
sum-of-components approach, which is incompatible with
the nature of complex systems (Ellis, 2005).

In light of these concerns, theoretical criticisms
have been addressed to research on periodization of train-
ing. For example, it has been suggested that research
appears to bypass a core principle of training theory and
methodology: the divergence between external and inter-
nal load (Bailey and Pickard, 2010; Scanlan et al., 2014).
Indeed, considerable inter-individual differences in re-
sponse to training, nutrition, supplementation, and medi-
cine have been well established in sport (Kenney et al.,
2012). It is known that some persons are non-responsive
to certain types of stimuli, e.g. pulmonary rehabilitation
(Stoilkova-Hartmann et al., 2015), cardiac resynchroniza-
tion therapy (Auricchio and Prinzen, 2011), viral infec-
tions (Perng and Chokephaibulkit, 2013), and use of anti-
depressants (Kudlow et al., 2014), among others. Even
within those who are responders, there is a wide range of
variation, from low- to high-responders (e.g., Perng and
Chokephaibulkit, 2013; Stoilkova-Hartmann et al., 2015).

The existence of non-responsiveness is extensive
to training regimes. Following a protocol of live-high,
train-low training at 1650 m, Hamlin et al. (2011) found
that some athletes markedly changed the sympathetic-to-
parasympathetic ratio, while others were non-responsive,
i.e., their autonomic nervous systems’ activity did not
change after the training protocol. Non-responders to
altitude training, specifically live high-train low protocols,
comprise nearly 50% of the tested population (Paula and
Niebauer, 2012). In a study with youth football players,
Faude et al. (2013) found that 40% of players subjected to
High-Intensity Interval Training did not change their
individual anaerobic thresholds. With regard to resistance
training, extensive variation in responses have been veri-
fied. Subjects range from low-responders to high-
responders when changes in muscle size and strength are
considered, suggesting we need to further focus research
further on inter-individual variation in responses (Ahti-
ainen et al., 2016; Fisher et al., 2014; Garcia et al., 2016).

Although proponents of periodized programs have
underlined the need to respect inter-individual variations
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in accommodation to a given training stimulus (e.g.,
Bompa, 1999; Mujika, 2007), research on periodization
appears to have ignored such variations (Kiely, 2012;
Lames, 2003). Moreover, intra-individual variation in
time has escaped analysis in periodization research (Ai-
cinena, 2013; Kiely, 2012; Lames, 2003). Finally, period-
ization is being equated with variation, although period-
ized programs are more than random variations; converse-
ly non-periodized programs can be varied (Harries et al.,
2015; Kiely, 2012; Turner, 2011). This leads to errors of
analysis due to conceptual equating of what are two dis-
tinct concepts.

Systematic reviews and meta-analyses have syn-
thesized empirical findings on the application of period-
ized training programs. Dantas et al. (2010) conducted a
systematic review of 103 papers on periodization, having
concluded that the models of Classical Periodization,
Accumulation-Transformation-Realization, and Structural
Bells were superior to models of Prioritized or Block
Practices. However, this systematic review included book
chapters, technical papers, and non-accredited web
sources. In addition, non-periodized programs were
equated with constant volume programs, despite the fact
that non-periodized programs can be varied. A meta-
analysis was published by Dantas et al. (2011), and the
results suggested the superiority of the models of Mat-
veev, Verkhoshansky, and Bompa, in comparison to those
of Accumulation-Transformation-Realization and Forteza.
Unfortunately, this paper suffers from the same problems
as the above mentioned systematic review.

In the meta-analysis conducted by Rhea and Al-
derman (2004), periodized models presented superior
results when compared to non-periodized models with
respect to strength and power outcomes, but once again
non-periodized programs were equated with non-varied
programs. A systematic review with meta-analysis (Har-
ries et al., 2015) has shown no differences in the effec-
tiveness of linear versus undulating periodization on
strength. The authors stated that their results suggested
that variety and novelty in training were the important
factors, whereas the specific type of variation might have
not been so relevant. Hence, variation alone and not peri-
odized variation might be the key.

Finally, when applying training protocols, it is im-
portant to control for nutrition, supplementation and med-
icine, as these factors may influence outcomes (Kenney et
al., 2012). Overall, nutrition strategies and timings, as
well as supplementation profoundly impact the outcomes
of training programs (e.g., Helms et al., 2014; Perez-
Schindler et al., 2014; Pyne et al., 2014). Protein supple-
mentation, for example, enhances hypertrophic gains,
being more effective than resistance training alone
(Pasiakos et al., 2015; Phillips, 2016). Medicine also
interferes with responses to exercise, such as the com-
bined use of statins and exercise training (Deichmann et
al., 2015). Even caffeine intake can alter the responses to
training stimuli (Kenney et al., 2012). As such, well-
designed studies should attempt to at least report on some
of these parameters.

We propose, therefore, to conduct a comprehen-
sive review of how empirical research on training periodi-

zation with human subjects has been performed. In par-
ticular, we aim to answer the following research ques-
tions: (1) Are the concepts of periodization and variation
actually being used as synonyms? (2) Is research on peri-
odized exercise programs actually testing the direction,
timing, and magnitude of adaptations? (3) What time-
frames are being considered in such research (e.g., short-,
medium-, and/or long-term)? (4) What dimensions of load
are being investigated? And (5) Are confounding factors
being declared?

Methods

Search criteria

The search was conducted in late February 2016 on the
following databases: EBSCO + SportDISCUS (specifical-
ly selecting Academic Search Complete, CINAHL Plus
with Full Text, MedicLatina, MEDLINE with Full Text,
PsycINFO, and SPORTDiscus with Full Text), PubMed,
Scielo, Scopus and Web of Science. No limitations were
imposed concerning date of publication, and in press
papers were included. Search and retrieval of papers was
conducted by two of the researchers independently and
simultaneously. The study was conducted in accordance
with the principles of the Helsinki Declaration and was
formally approved by the ethics committee of the Faculty
of Sports of the University of Porto.

Inclusion criteria

Only original empirical articles published in peer-
reviewed journals with a full manuscript available were
included. Boolean operators were used for the searches.
The titles had to include the terms “periodization” OR
“periodized”; orthographic variations such as “periodiza-
tion” and “periodized” were considered and accepted. The
operator AND conjugated these words in the title with
“exercise” OR “sport” OR “training” in the title or ab-
stract. As these search engines automatically translate
titles written in other languages, articles were included if
a full manuscript had been written in one of the following
languages: English, French, Italian, Portuguese or Span-
ish. Only studies with human participants were included.
Duplicate papers (i.e., emerging in several databases or
more than once in the same database) were counted only
once. Overall, 118 papers were retrieved in this stage.
Again, two of the authors independently conducted the
whole process. Where disagreements were found, a rea-
nalysis of the search and inclusion criteria was imple-
mented.

Exclusion criteria

Twenty-six papers were excluded because they did not
actually analyze periodization (e.g., plyometric program
vs. weight training program). Observational studies (n =
31) were excluded, as with such designs it is always pos-
sible to question: i) if these results have been derived
from sport-specific practice and not from the experi-
mental protocol? and ii) if the experimental protocol actu-
ally have had a detrimental effect upon what would be the
benefits of the sports-specific practice? Case studies (n =
3) were also excluded, as they were observational reports
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with very small samples (one to three participants). With-
in experimental papers, trials that were both non-
randomized and non-controlled were also excluded (n =
4) as there was no accurate way to interpret data. Four
controlled but non-randomized studies were excluded as
biases in sample distribution could influence the outcome.
One randomized controlled trial in a clinical setting was
excluded due to its extremely short duration (one week).
Three randomized controlled trials (RCTs) were excluded
due to lack of proper information about how the control
group was performing. Four RCTs were excluded since
they only presented one experimental group versus one
non-training group. Two authors completed the exclusion
stage independently. A third author operated to analyze
cases where disagreement might exist. Figure 1 synthesiz-
es the information pertaining the whole process.

Sample

A total of 42 original empirical papers were selected: 24
randomized trials (RTs)(Bartolomei et al., 2014; 2015;
Buford et al., 2007; Foschini et al., 2010; Franchini et al.,
2015; Gonzalez-Ravé et al., 2007; Herrick and Stone,
1996; Kok et al.,, 2009; McNamara and Stearne, 2010;
Miranda et al., 2011; Monteiro et al., 2009; Pacobahyba et
al., 2012; Painter et al., 2012; Prestes et al., 2009a; 2009b;
Ramalingam and Yee, 2013; Rhea et al., 2002; 2003;
Ronnestad et al., 2014a; 2014b; 2016; Sauer et al., 2014;
Schiotz et al., 1998; Zourdos et al., 2016) and 18 random-
ized controlled trials (RCTs)(Abt et al., 2016; Ahmad-
izad et al., 2014; Apel et al., 2011; Baker et al., 1994;
DeBeliso et al., 2005; Esteve-Lanao et al., 2008; Kell,
2011; Kraemer et al. 2003; Lacordia et al., 2011; Lima et
al., 2012; Moir et al., 2007; Moraes et al., 2013; Perez,
2013; Simao et al., 2012; Souza et al., 2014; Spineti et

al.,2013; Willoughby, 1991; 1993). Randomized con-
trolled trials provide, arguably, the highest-quality evi-
dence to support evidence-based practice (Cumming,
2014), but what some researchers considered to be control
groups, others reported as being experimental groups,
hence the maintenance of RTs in our review.

Variables

First and foremost, how non-periodized programs were
conceptualized was analyzed. Specifically, it was our
intent to understand whether authors equated non-
periodized approaches with constant approaches, thereby
mistaking periodization with variation. Secondly, predic-
tions were analyzed regarding direction, timing, and mag-
nitude of expected adaptations.

With regard to study design, dimension of load
was verified (e.g., strength), as well as the length of the
protocol (short-term: 4 to 12 weeks; medium-term: 13 to
18 weeks; long-term: >18 weeks). We also aimed at ana-
lyzing the steps taken to control for nutrition, supplemen-
tation and/or medication. In addition, data analysis was
scrutinized with respect to dispersion analysis in the dis-
cussion of the findings. Finally, reporting of effect sizes
was also considered.

Summary of PICOS process

Population consisted of human subjects. Intervention was
a narrow application of periodized training protocols.
Comparison was between different periodized approaches
or between periodized and non-periodized approaches in
any training protocol. Outcomes were free to vary; hence
they did not constitute an exclusion criterion. Study de-
sign was limited to randomized trials or randomized con-
trolled trials.

Databases: EBSCO + SportDISCUS, PubMed, Scielo,
Scopus and Web of Science.
Limirs: Original research with full paper available in
English, French, Italian, Portuguese or Spanish.
Inclusion criteria resulted in 118 papers.

25 papers not actually analysing

4 non-randomized and non-controlled

4 controlled but non-randomized trials
1 randomized controlled trial (RCT)

3 RCTs lacking information concerning
protocol applied to control groups
4 RCTs with one experimental group

Excluded (n = 76):
periodization
31 observational studies
3 case studies

trials

lasting only 1 week

vs. non-training controls

42 empirical papers: 24 RTs and 18 RCTs

Figure 1. Flow diagram of study selection.
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Reliability of analysis

To ensure the reliability of the analysis, two of the authors
went through the entire process of search and retrieval of
papers fully, as well as the coding of the data. At the end
of the process, the two authors carefully compared their
coding tables; any inconsistency in coding was re-
checked by rereading the paper to avoid unwanted mis-
takes. Across the whole process, a third author verified
the different stages in order to account for and resolve any
inconsistencies and disagreements.

Results

Conceptual issues

Data showed that the concepts of periodization and varia-
tion were being used as synonyms, as all papers equated
periodized programs with pre-arranged varied programs,
while non-periodized programs were equated with con-
stant (i.e., non-varied) programs.

Furthermore, no paper ventured into predictions of
direction, timing or magnitude of the adaptations. There-
fore, the effectiveness of load management was not actu-
ally tested in any of the papers.

Issues with study design

Our data has shown that researchers are not considering
global perspectives of performance. The physical dimen-
sion represented 95.2% of the research process (n = 40).
Within it, strength represented the main focus, corre-
sponding to 57.1% (n = 24) of research, followed by
strength and endurance (14.3%, n = 6), endurance (9.5%,
n = 4), strength and power (4.8%, n = 2), strength, power
and flexibility (2.4%, n = 1), strength, power, endurance
and agility (2.4%, n = 1), power (2.4%, n = 1), and power
and speed (2.4%, n = 1). Only one empirical paper (2.4%)
focused on technique, while another focused on physical
and tactical aspects. Research on periodization of psycho-
logical factors was absent.

With regard to the length of the experimental pro-
tocols, only two papers (4.8%) presented research lasting
24 weeks or above, meaning that the vast majority of the
research lasted less than six-months. No paper extended
further than nine months in duration. Most studies were
situated between four and 12 weeks of duration (73.8%, n
= 31), with the 12-week mark being predominant (42.9%,
n = 18). Research lasting between 13 and 18 weeks com-
prised 19.0% of the sample (n = 8).

Respecting potentially confounding factors (i.e.,
nutrition, supplementation, and medication), 54.8% of the
studies did not report any information on these topics.
One study (2.4%) provided dietary guidelines to the par-
ticipants, but did not control compliance to such guide-
lines. One study used dietary logs (2.4%). Four investiga-
tions (9.5%) presented guidelines for the hours preceding
testing sessions, but not during the experimental program
as a whole. Four papers (9.5%) prohibited the utilization
of nutritional supplementation or ergogenic aids. Four
papers did the same while also providing dietary guide-
lines, whereas two papers (4.8%) combined prohibition of
nutritional supplementation or ergogenic aids while con-
trolling for diet or using nutritional therapy. One study

(2.4%) provided supplementation to all groups as part of
the protocol, and another delivered protein supplementa-
tion with dietary logs being kept. One study reported that
the participants were not taking medication and were non-
smokers. Overall, only seven papers attempted to control
or, at least, report two of the three factors (e.g., nutrition
plus supplementation). No paper controlled all three fac-
tors.

Issues with data analysis

Data dispersion (i.e., data on variation) was presented,

usually in the form of standard deviations, but the fact
remains that discussions were focused around central
values and mainly in between-groups differences, while
not exploring within-group variations in responses. One
study did mention that the experimental group presented a
large standard deviation, denoting large variations in the
responses to training, even if the sample was quite homo-
geneous (Moir et al., 2007). Another study underlined the
fact that standard deviation was higher after the interven-
tion (Simao et al., 2012). In both cases, these issues were
explored no further. No paper devoted any attention to
possible low-responders, high-responders, or non-
responders.

Additionally, only nineteen papers (45.2%) have
reported properly the magnitude of observed effects.
More than half of the sample (n = 22; 52.4%) did not
calculate effect sizes, while one paper (2.4%) provided a
very incomplete report.

Discussion

Periodization of training and exercise is a widespread
practice in both competitive and health settings (Issurin,
2008; Naclerio et al., 2013), but has been subject to sev-
eral theoretical critiques (e.g., Aicinena, 2013; Denison,
2010; Denison and Scott-Thomas, 2011; Kiely, 2012).
The aim of this comprehensive review was to analyze
empirical research on training periodization with human
subjects. A set of conceptual and methodological prob-
lems was identified in this work.

Conceptual issues

Our data reveals that the concepts of periodization and
variation are being used interchangeably in research,
while they actually represent two distinct constructs. Mere
variation does not provide the basis for a periodized pro-
gram (Kiely, 2012), as acknowledged by mainstream
definitions of periodization (e.g., Harries et al., 2015).
Instead, variation must be controlled in order to pursue
specific timelines for peak performances and avoidance of
overtraining (Fleck, 2008; Turner, 2011); only when these
criteria are met can we properly refer to an exercise pro-
gram as being periodized. Conversely, non-periodized
programs can be varied. To our knowledge, no empirical
paper, systematic review or meta-analysis has even ad-
dressed this major issue.

Furthermore, and perhaps even more surprising,
given the self-proclaimed goal of periodization of being
able to predict periods of peak performance while avoid-
ing overtraining (Fleck, 2008; Naclerio et al., 2013;
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Turner, 2011), is the fact that no empirical paper attempt-
ed to make any predictions concerning the direction,
magnitude, and especially the timings of the adaptations.
In sum, research on periodization has avoided putting
forth testable predictions.

Issues with study design

With regard to study design, the ‘physical’ load is pre-
dominant (40 out of 42 papers), as if the technical, tacti-
cal, and psychological dimensions of load were not part of
the physical load! The predominance of unidimensional
designs, mainly focused on the “physical” aspects of
training, configures itself as a by-product of a biased
conceptual understanding of load. Paradoxically, in many
sports tactical and technical aspects are deemed more
relevant than the “physical” factor (Williams and Hodges,
2005).

Another problem with study design concerns the
length of the experiments. Most sports have evolved in
the direction of long seasons, demanding that perfor-
mance is kept at high levels over several months in a row
(Gamble, 2006; Mujika, 2007). In contrast, most empiri-
cal studies conducted on periodization were short-term
(73.8%) or medium-term (19.0%). However, it is known
that results from short-term research on periodization
should not be transposed into longer-term periods (Fleck,
2008; Harries et al., 2015). In our systematic review, no
paper surpassed 9 months in duration.

Additionally, relevant confounding factors such as
medication, supplementation, and nutrition were only
marginally accounted for in the analyzed papers: more
than half of the papers did not report any information on
these issues, and no paper reported information on all
three factors. This is hardly credible, as all these factors
are prone to impact greatly on the effects of any training
program (e.g., Deichmann et al., 2015; Kenney et al.,
2012; Phillips, 2016; Pyne et al., 2014).

Issues with data analysis

In relation to data analysis, variation in response to train-
ing programs is being ignored because of averaged values
and considerations. Our results highlighted that only two
papers made some reference to variations in responsive-
ness (Moir et al., 2007; Simao et al., 2012). Effectively,
empirical research on periodization has neglected a core
principle of training theory and methodology: inter- and
intra-individual variation in response to training programs
(Bailey and Pickard, 2010; Kenney et al., 2012; Scanlan
et al., 2014). It has also ignored a wide body of research
showing that variations in responsiveness to training pro-
grams are the norm (e.g., Ahtiainen et al., 2016; Faude et
al., 2013; Garcia et al., 2016; Paula and Niebauer, 2012).
This presents a major challenge to the premises behind
periodization, but research on periodization has remained
silent with regard to such topics.

Effect sizes were also often unreported or incom-
pletely reported, an awkward option since statistically
significant effects may not translate into practical signifi-
cance (Nuzzo, 2014; Winter, 2008). Effect sizes help to
answer the question if an intervention works, and how
well (Winter et al., 2014). Therefore, it would be expected

that researchers would want to quantify the impact of
their training programs, but that is not always the case.

Overall analysis

Training is an ambiguous and unpredictable activity
(Barker and Bailey, 2015), but often coaches try to pre-
establish an orderly sequence of events and effects (Den-
ison, 2010). Rationalistic conceptualizations of coaches’
practices presuppose a certainty of outcome that is in-
compatible with the intrinsic indeterminacy of practice
(Jones and Corsby, 2015; Jones and Wallace, 2005).
Broad-scope metatheories, or worldviews, inform scien-
tific research programs (Overton, 2015), and are frequent-
ly so deeply ingrained that researchers may not even per-
ceive that they are abiding by its postulates (Overton,
2014; Thelen and Bates, 2003). In the case of sports peri-
odization, the problem is more likely to derive from the
larger prediction-like metatheory that has been criticized
in fields such as economics (Hendry and Mizon, 2014),
history (Arendt, 1998), and talent identification (Abbott et
al., 2005; Harder et al., 2014). Narratives suitable for
training processes should emphasize change, contingency,
context, improvisation (Denison, 2016).

Conclusion

This comprehensive review of empirical research on
training periodization has shown that: i) the concepts of
periodization and variation are being used interchangea-
bly; ii) predictions concerning the direction, timing and
magnitude of adaptations are not actually being tested,; iii)
analyses have been mostly unidimensional, focusing al-
most exclusively on the ‘physical’ aspects of perfor-
mance; ivV) long-term empirical papers are non-existent; v)
confounding factors such as medication, nutrition, and
supplementation are not being properly reported and con-
trolled; and vi) data interpretation is being compromised
by persistently ignoring inter-individual variation in re-
sponsiveness to experimental protocols.

References

Abbott, A., Button, C., Pepping, G.-J. and Collins, D. (2005) Unnatural
selection: Talent identification and development in sport.
Nonlinear Dynamics, Psychology, and Life Sciences 9, 61-88.

Abt, J.P., Oliver, J.M., Nagai, T., Sell, T.C., Lovalekar, M.T., Beals, K.,
Wood, D.E. and Lephart, S.M. (2016) Block-periodized
training improves physiological and tactically-relevant
performance in naval special warfare operators. Journal of
Strength and Conditioning Research 30, 39-52.

Ahmadizad, S., Ghorbani, S., Ghasemikaram, M. and Bahmanzadeh, M.
(2014) Effects of short-term nonperiodized, linear periodized
and daily undulating periodized resistance training on plasma
adiponectin, leptin and insulin resistance. Clinical Biochemistry
47, 417-422.

Ahtiainen, J.P., Walker, S., Peltonen, H., Holviala, J., Sillanpéd, E.,
Karavirta, L., Sallinen, J., Mikkola, J., Valkeinen, H., Mero, A.,
Hulmi, J.J. and Hakkinen, K. (2016). Heterogeneity in
resistance training-induced muscle strength and mass responses
in men and women of different ages. Age 38:10.

Aicinena, S. (2013) The impact of chaos, complexity, and luck on
coaching success. International Journal of Society, Science &
Education 3, 551-565.

Apel, JM., Lacey, RM. and Kell, R.T. (2011) A comparison of
traditional and weekly undulating periodized strength training
programs with total volume and intensity. Journal of Strength



32

Comprehensive review on periodization

and Conditioning Research 25, 694-703.

Arendt, H. (1998) The human condition. 2 nd Edition. Chicago: The
University of Chicago Press.

Auricchio, A. and Prinzen, F. (2011) Non-responders to cardiac
resynchronization therapy. The magnitude of the problem and
the issues. Circulation Journal 75, 521-527.

Bailey, R. and Pickard, A. (2010) Body learning: examining the
processes of skill learning in dance. Sport, Education and
Society 15, 367-382.

Baker, D., Wilson, J.M. and Carlyon, R. (1994) Periodization: The effect
on strength of manipulating volume and intensity. Journal of
Strength and Conditioning Research 8, 235-242.

Barker, E. and Bailey, J. (2015) There’s more to coaching than the
context: a Bourdieusian account of an embodied athlete. Sports
Coaching Review 4, 41-47.

Bartolomei, S., Hoffman, J., Merni, F. and Stout, J. (2014) A
comparison of traditional and block periodized strength training
programs in trained athletes. Journal of Strength and
Conditioning Research 28, 990-997.

Bartolomei, S., Stout, J.R., Fukuda, D. H., Hoffman, J.R. and Merni, F.
(2015) Block versus weekly undulating periodized resistance
training programs in women. Journal of Strength and
Conditioning Research 29, 2679-2687.

Bompa, T. (1999) Periodization. Theory and methodology of training. 4
th edition. Champaign, Illinois: Human Kinetics.

Buford, T.W., Rossi, S.J., Smith, D.B. and Warren, A.J. (2007) A
comparison of periodization models during nine weeks with
equated volume and intensity for strength. Journal of Strength
and Conditioning Research 21, 1245-1250.

Cubitt, T., Perez-Garcia, D. and Wolf, M. (2015) Undecidability of the
spectral gap. Nature 528, 207-211.

Cumming, G. (2014) The new statistics: why and how. Psychological
Science 25, 7-29.

Dantas, E.H.M., Garcia-Manso, J.M., Godoy, E.S., Sposito-Aratijo, C.A.
and Gomes, A.C. (2010) Applicability of the periodization
models of sport training. A systematic review. International
Journal of Sports Sciences 6, 231-241. (In Spanish: English
abstract).

Dantas, E.H.M., Godoy, E.S., Sposito-Aratijo, C.A., Oliveira, A.L.B.,
Azevedo, R.C., Tubino, M.J.G. and Gomes, A.C. (2011) The
adequability of main models of periodization of training.
Brazilian Journal of Sports Sciences 33, 483-494. (In
Portuguese).

Davids, K. (2012) Learning design for nonlinear dynamical movement
systems. The Open Sports Sciences Journal 5 (Suppl 1-M2), 9-
16.

Davids, K., Glazier, P., Arafijo, D. and Bartlett, R. (2003) Movement
systems as dynamical systems. The functional role of
variability and its implications for sports medicine. Sports
Medicine 33, 245-260.

DeBeliso, M., Harris, C., Spitzer-Gibson, T. and Adams, K.J. (2005) A
comparison of periodised and fixed repetition training protocol
on strength in older adults. Journal of Science and Medicine in
Sport 8, 190-199.

Deichmann, R.E., Lavie, C.J., Asher, T., DiNicolantonio, J.J., O'Keefe,
J.H. and Thompson, P.D. (2015) The interaction between
statins and exercise: Mechanisms and strategies to counter the
musculoskeletal side effects of this combination therapy.
Ochsner Journal 15, 429-437.

Denison, J. (2010) Planning, practice and performance: the discursive
formation of coaches’ knowledge. Sport, Education and Society
15, 461-478.

Denison, J. (2016) Social theory and narrative research: A point of view.
Sport, Education and Society 21, 7-10.

Denison, J. and Scott-Thomas, D. (2011) Michel Foucault: Power and
discourse: the ‘loaded’ language of coaching. In: The sociology
of sports coaching. Ed: Jones, R., Potrac, P., Cushion, C. and
Ronglan, L. New York: Routledge. 27-39.

Ellis, G. (2005) Physics, complexity and causality. Nature 435, 743.

Esteve-Lanao, J., Rhea, M.R., Fleck, S.J. and Lucia, A. (2008) Running-
specific, periodized strength training attenuates loss of stride
length during intense endurance running. Journal of Strength
and Conditioning Research 22, 1176-1183.

Faude, O., Schnittker, R., Schulte-Zurhausen, R., Miiller, F. and Meyer,
T. (2013) High intensity interval training vs. high-volume
running training during pre-season conditioning in high-level
youth football: A cross-over trial. Journal of Sports Sciences

31, 1441-1450.

Fisher, G., Bickel, C. and Hunter, G. (2014) Elevated circulating TNF-o
in fat-free mass non-responders compared to responders
following exercise training in older women. Biology 3, 551-
559.

Fleck, S. (2008) Periodization of training. In: Strength training for sport.
Ed: Kraemer, W. and Hékkinen, K. Wiley-Blackwell. 55-68.

Foschini, D., Araujo, R.C., Bacurau, R.F.P., Piano, A., Almeida, S.S.,
Carnier, J., Rosa, T.D.S., Mello, M.T., Tufik, S. and Damaso,
A.R. (2010) Treatment of obese adolescents: The influence of
periodization models and ACE genotype. Obesity 18, 766-772.

Franchini, E., Branco, B.M., Agostinho, M.F., Calmet, M. and Candau,
R. (2015) Influence of linear and undulating strength
periodization on physical fitness, physiological, and
performance responses to simulated judo matches. Journal of
Strength and Conditioning Research 29, 358-367.

Gamble, P. (2006) Periodization of training for team sports athletes.
Strength and Conditioning Journal 28, 56-66.

Garcia, P., Nascimento, D.C., Tibana, R.A., Barboza, M.M., Willardson,
J.M. and Prestes, J. (2016). Comparison between the multiple-
set plus 2 weeks of tri-set and traditional multiple-set method
on strength and body composition in trained women: A pilot
study. Clinical Physiology and Functional Imaging 36, 47-52.

Gonzalez-Ravé, J.M., Santos-Garcia, D.J., Garcia-Garcia, J.M. and
Navarro-Valdivielso, F. (2007) Efficacy of periodized programs
on power training. Archives of Sports Medicine 24, 179-186. (In
Spanish: English abstract).

Hamlin, M., Manimmanakorn, A., Sandercock, G., Ross, J., Creasy, R.
and Hellemans, J. (2011) Heart rate variability in responders
and non-responders to live-moderate, train-low altitude
training. World Academy of Science, Engineering and
Technology 77, 936-940.

Harder, B., Vialle, W. and Ziegler, A. (2014) Conceptions of giftedness
and expertise put to the empirical test. High Ability Studies 25,
83-120.

Harries, S., Lubans, D. and Callister, R. (2015) Systematic review and
meta-analysis of linear and undulating periodized resistance
training programs on muscular strength. Journal of Strength
and Conditioning Research 29, 1113-1125.

Helms, E.R., Aragon, A.A. and Fitschen, P.J. (2014). Evidence-based
recommendations for natural bodybuilding contest preparation:
Nutrition and supplementation. Journal of the International
Society of Sports Nutrition 11:20.

Hendry, D. and Mizon, G. (2014) Unpredictability in economic analysis,
econometric modeling and  forecasting. Journal  of
Econometrics 182, 186-195.

Herrick, A.B. and Stone, W.J. (1996) The effects of periodization versus
progressive resistance exercise on upper and lower body
strength in women. Journal of Strength and Conditioning
Research 10, 72-76.

Issurin, V. (2008) Block periodization. Breakthrough in sport training.
Michigan: Ultimate Athlete Concepts.

Jones, R. and Corsby, C. (2015) A case for coach Garfinkel: decision
making and what we already know. Quest 67, 439-449.

Jones, R. and Wallace, M. (2005) Another bad day at the training
ground: coping with ambiguity in the coaching context. Sport,
Education and Society 10, 119-134.

Kell, R.T. (2011) The influence of periodized resistance training on
strength changes in men and women. Journal of Strength and
Conditioning Research 25, 735-744.

Kenney, W.L., Wilmore, J.H. and Costill, D.L. (2012) Physiology of
Sport and Exercise. 5 th Edition. Champaign (IL): Human
Kinetics.

Kiely, J. (2012) Periodization paradigms in the 21st century: evidence-
led or tradition-driven? International Journal of Sports
Physiology and Performance 7, 242-250.

Kok, L.-Y., Hamer, P.W. and Bishop, D.J. (2009) Enhancing muscular
qualities in untrained women: Linear versus undulating
periodization. Medicine and Science in Sports and Exercise 41,
1797-1807.

Kraemer, W.J., Hékkinen, K., Triplett-McBride, N.T., Fry, A.C.,
Koziris, L.P., Ratamess, N.A., Bauer, J.E., Volek, J.S.,
McConnell, T., Newton, R.U., Gordon, S.E., Cummings, D.,
Hauth, J., Pullo, F., Lynch, J.M., Mazzetti, S.A. and Knuttgen,
H.G. (2003) Physiological changes with periodized resistance
training in women tennis players. Medicine and Science in
Sports and Exercise 35, 157-168.



Afonso et al.

33

Kudlow, P., MclIntyre, R. and Lam, R. (2014) Early switching strategies
in antidepressant non-responders: Current evidence and future
research directions. CNS Drugs 28, 601-609.

Lacordia, R.C., Godoy, E.S., Vale, R.G.S., Sposito-Aratijo, C.A. and
Dantas, E.HM. (2011) Periodized training programme and
technical performance of age-group gymnasts. International
Journal of Sports Science & Coaching 6, 387-398.

Lames, M. (2003) Computer science for top-level team sports.
International Journal of Computer Science in Sport 2, 57-72.

Lima, C., Boullosa, D.A., Frollini, A.B., Donatto, F.F., Leite, R.D.,
Gonelli, P.R.G., Montebello, M.I.L., Prestes, J. and Cesar, M.C.
(2012) Linear and daily undulating resistance training
periodizations have differential beneficial effects in young
sedentary women. International Journal of Sports Medicine 33,
723-727.

McNamara, JM. and Stearne, D.J. (2010) Flexible nonlinear
periodization in a beginner college weight training class.
Journal of Strength and Conditioning Research 24, 2012-2017.

Miranda, F., Siméo, R., Rhea, M.R., Bunker, D., Prestes, J., Leite, R.D.,
Miranda, H., Salles, B.F. and Novaes, J. (2011) Effects of linear
vs. daily undulatory periodized resistance training on maximal
and submaximal strength gains. Journal of Strength and
Conditioning Research 25, 1824-1830.

Moir, G., Sanders, R., Button, C. and Glaister, M. (2007) The effect of
periodized resistance training on accelerative  sprint
performance. Sports Biomechanics 6, 285-300.

Monteiro, A.G., Aoki, M.S., Evangelista, A.L., Alveno, D.A., Monteiro,
G.A., Pigarro, 1.C. and Ugrinowitsch, C. (2009) Nonlinear
periodization maximizes strength gains in split resistance
training routines. Journal of Strength and Conditioning
Research 23, 1321-1326.

Moraes, E., Fleck, S.J., Dias, M.R. and Simio, R. (2013) Effects on
strength, power, and flexibility in adolescents of nonperiodized
vs. daily nonlinear periodized weight training. Journal of
Strength and Conditioning Research 27, 3310-3321.

Mujika, I (2007) Challenges of team-sport research. International
Journal of Sports Physiology and Performance 2, 221-222.

Naclerio, F., Moody, J. and Chapman, M. (2013) Applied periodization:
a methodological approach. Journal of Human Sport and
Exercise 8, 350-366.

Nuzzo, R. (2014) Statistical errors. Nature 506, 150-152.

Overton, W. (2014) The process-relational paradigm and relational-
developmental-systems metamodel as context. Research in
Human Development 11, 323-331.

Overton, W. (2015) Taking conceptual analyses seriously. Research in
Human Development 12, 163-171.

Pacobahyba, N., Vale, R.G.S., Souza, S.L.P., Simdo, R., Santos, E. and
Martin Dantas, E.H. (2012) Muscle strength, serum basal levels
of testosterone and urea in soccer athletes submitted to non-
linear periodization program. Brazilian Journal of Sports
Medicine 18, 130-133.

Painter, K.B., Haff, G.G., Ramsey, M.W., McBride, J., Triplett, T.,
Sands, W.A., Lamont, H.S., Stone, M.E. and Stone, M.H.
(2012) Strength gains: Block versus daily undulating
periodization weight training among track and field athletes.
International Journal of Sports Physiology and Performance 7,
161-169.

Pasiakos, S.M., McLellan, T.M. and Lieberman, H.R. (2015) The effects
of protein supplements on muscle mass, strength, and aerobic
and anaerobic power in healthy adults: A systematic review.
Sports Medicine 45, 111-131.

Paula, P. and Niebauer, J. (2012) Effects of high altitude training on
exercise capacity: Fact or myth. Sleep and Breathing 16, 233-
239.

Perez, A.J. (2013) Effects of different periodization models of aerobic
training on cardiovascular parameters, metabolic and body
composition in military firefighters. Brazilian Journal of
Physical Education and Sport 27, 363-376. (In Portuguese).

Perez-Schindler, J., Hamilton, D.L., Moore, D.R., Barr, K. and Philp, A.
(2014) Nutritional strategies to support concurrent training.
European Journal of Sport Science 15, 41-52.

Perng, G. and Chokephaibulkit, K. (2013) Immunologic hypo- or non-
responder in natural dengue virus infection. Journal of
Biomedical Science 20:34.

Phillips, S.M. (2016) The impact of protein quality on the promotion of
resistance exercise-induced changes in muscle mass. Nutrition

& Metabolism 13:64.

Prestes, J., Frollini, A.B., Lima, C., Donatto, F.F., Foschini, D.,
Marqueti, R.C., Figueira Jr., A. and Fleck, S.J. (2009a)
Comparison between linear and daily undulating periodized
resistance training to increase strength. Journal of Strength and
Conditioning Research 23, 2437-2442.

Prestes, J., Lima, C., Frollini, A.B., Donatto, F.F. and Conte, M.
(2009b) Comparison of linear and reverse linear periodization
effects on maximal strength and body composition. Journal of
Strength and Conditioning Research 23, 266-274.

Pyne, D.B., Verhagen, E.A. and Mountjoy, M. (2014) Nutrition, illness,
and injury in aquatic sports. International Journal of Sport
Nutrition and Exercise Metabolism 24, 460-469.

Ramalingam, S. and Yee, K. (2013) Comparison of linear and daily
undulating periodization with equated volume and intensity for
muscular endurance in adolescent athletes. Asian Journal of
Exercise & Sports Science 10, 36-48.

Rhea, M.R. and Alderman, B.L. (2004) A meta-analysis of periodized
versus nonperiodized strength and power training programs.
Research Quarterly for Exercise and Sport 75, 413-422.

Rhea, M.R., Ball, S.D., Phillips, W.T. and Burkett, L.N. (2002) A
comparison of linear and daily undulating periodized programs
with equated volume and intensity for strength. Journal of
Strength and Conditioning Research 16, 250-255.

Rhea, M.R., Phillips, W.T., Burkett, L.N., Stone, W.J., Ball, S.D., Alvar,
B.A. and Thomas, A.B. (2003) A comparison of linear and
daily undulating periodized programs with equated volume and
intensity for local muscular endurance. Journal of Strength and
Conditioning Research 17, 82-87.

Rennestad, B.R., Ellefsen, S., Nygaard, H., Zacharoff, E.E., Vikmoen,
0., Hansen, J. and Hallén, J. (2014a) Effects of 12 weeks of
block periodization on performance and performance indices in
well-trained cyclists. Scandinavian Journal of Medicine and
Science in Sports 24, 327-335.

Ronnestad, B.R., Hansen, J. and Ellefsen, S. (2014b) Block
periodization of high-intensity aerobic intervals provides
superior training effects in trained cyclists. Scandinavian
Journal of Medicine and Science in Sports 24, 34-42.

Rennestad, B.R., Hansen, J., Thyli, V., Bakken, T.A. and Sandbakk, @.
(2016) 5-week block periodization increases aerobic power in
elite cross-country skiers. Scandinavian Journal of Medicine
and Science in Sports 26, 140-146.

Sauer, D., Perez, A., Carletti, L. and Monteiro, W.D. (2014) Effect of
three different periodization of endurance training on
ventilatory threshold. Brazilian Journal of Sports Sciences 36,
663-670. (In Portuguese: English abstract).

Scanlan, A., Wen, N., Tucker, P. and Dalbo, V. (2014) The relationships
between internal and external training load models during
basketball training. Journal of Strength and Conditioning
Research 28, 2397-2405.

Schiotz, M.K., Potteiger, J.A., Huntsinger, P.G. and Denmark, D.C.
(1998) The short-term effects of periodized and constant-
intensity training on body composition, strength, and
performance. Journal of Strength and Conditioning Research
12, 173-178.

Simdo, R., Spineti, J., Salles, B.F., Matta, T., Fernandes, L., Fleck,
Rhea, M.R. and Strom-Olsen, H.E. (2012) Comparison between
nonlinear and linear periodized resistance training:
Hypertrophic and strength effects. Journal of Strength and
Conditioning Research 26, 1389-1395.

Souza, E.O., Ugrinowitsch, C., Tricoli, V., Roschel, H., Lowery, R.P.,
Aihara, AY., Ledo, A.R.S. and Wilson, J.M. (2014) Early
adaptations to six weeks of non-periodized and periodized
strength training regimens in recreational males. Journal of
Sports Science and Medicine 13, 604-609.

Spineti, J., Figueiredo, T., Salles, B.F., Assis, M., Fernandes, L.,
Novaes, J. and Simdo, R. (2013) Comparison between different
periodization models on muscular strength and thickness in a
muscle group increasing sequence. Brazilian Journal of Sports
Medicine 19, 280-286.

Stoilkova-Hartmann, A., Janssen, D., Franssen, F. and Wouters, E.
(2015) Differences in change in coping styles between good
responders, moderate responders and non-responders to
pulmonary rehabilitation. Respiratory Medicine 109, 1540-
1545.

Strohacker, K., Fazzino, D., Breslin, W.L. and Xu, X. (2015) The use of



34

Comprehensive review on periodization

periodization in exercise prescriptions for inactive adults: A
systematic review. Preventive Medicine Reports 2, 385-396.

Thelen, E. and Bates, E. (2003) Connectionism and dynamic systems:
are they really different? Developmental Science 6, 378-391.

Turner, A. (2011) The science and practice of periodization: A brief
review. Strength and Conditioning Journal 33, 34-46.

Williams, A.M. and Hodges, N. (2005) Practice, instruction and skill
acquisition in soccer: challenging tradition. Journal of Sports
Sciences 23, 637-650.

Willoughby, D.S. (1991) Training volume equated: a comparison of
periodized and progressive resistance weight training programs.
Journal of Human Movement Studies 21, 233-248.

Willoughby, D.S. (1993) The effects of mesocycle-length weight
training programs involving periodization and partially equated
volumes on upper and lower body strength. Journal of Strength
and Conditioning Research 7, 2-8.

Winter, E. (2008) Use and misuse of the term significant. Journal of
Sports Sciences 26, 429-430.

Winter, E., Abt, G. and Nevill, A. (2014) Metrics of meaningfulness as
opposed to sleights of significance. Journal of Sports Sciences
32,901-902.

Zourdos, M.C., Jo, E., Khamoui, A.V., Lee, S.R., Park, B.S., Ormsbee,
M.J. and Kim, J.S. (2016) Modified daily undulating
periodization model produces greater performance than a
traditional configuration in powerlifters. Journal of Strength
and Conditioning Research 30, 784-791.

Key points

e Periodization is considered a core concept of train-
ing.

e However, conceptual and methodological critiques
have arisen.

e We therefore comprehensively reviewed random-
ized and randomized trials applying periodized pro-
tocols to human subjects.

e Overall, the concepts of periodization and variation
are being used interchangeably, which represents
an intellectual mistake with implications for how
we interpret the results of the studies.

e Additional methodological shortcomings make
current research on periodization largely unreliable.
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