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ABSTRACT

International Journal of Exercise Science 12(4): 666-690, 2019. Resistance training (RT) is recognized as
an efficient method to improve muscle strength, power, hypertrophy; all are fundamental components of functional
health and quality of life. Variables of RT such as volume, intensity, density, rest interval, duration, exercise order
and selection, training frequency, and periodization models (i.e. linear periodization (LP), reverse linear
periodization (RLP), block periodization (BP), and nonlinear periodization (NLP): undulating periodization (UP)
and weekly undulating periodization (WUP)) are manipulated to potentiate musculoskeletal adaptations. The aim
of the present study was to conduct a systematic review of studies comparing different periodization models on
morphofunctional capacity in adults with different levels of physical activity. Databases from Ebsco, PubMed and
Web of Science were searched between January 2007 and June 2017 using the following descriptors: RT; strength
training; LP; UP; daily UP; NLP. From the 4337 articles found, 11 met the inclusion criteria. The mean number of
sets in each RT model was 3 £ 1 for both (LP and UP), mean repetitions used was 10 + 5, and the mean inter-set rest
interval was 2 + 1 minutes . The mean number of exercises was 7 + 3 with training duration ranging from 45 to 90
minutes. The number of sets, repetitions, rest interval, and load intensity were minimally detailed in 12% of articles
evaluated. In conclusion, RT programs that used LP and UP presented discrepant results, which precludes a
consensus at this time. Most characteristics and differences between studies reported here should be used in future
experimental designs to improve our understanding about periodization models.

KEY WORDS: Strength training, training age, undulating periodization
INTRODUCTION

Muscle strength can be defined by the capacity to produce force under a cluster of biomechanical
conditions (1). Resistance training (RT) is recognized as an efficient method to improve muscle
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strength, power, hypertrophy, which are fundamental components of health and quality of life
related physical fitness (1). The guidelines from the American College of Sports Medicine
(ACSM) (1) recommends implementing RT with 2-3 sessions per week with 8-10 multijoint
exercises targeting the main muscle groups in healthy adults. However, these recommendations
are generalized and non-discriminant for subjects of various ages and with health conditions.
Others recommend (7, 10, 11) experienced lifters (=1 year of RT experience) deploy split routines,
wherein one to three muscle groups are intensely trained per session (14). Induced responses by
RT are based on limited extrapolations of evidence (13), and, their practical applications are
questionable.

In this sense, the quantity of research on the effects of training variables and different
periodization models on muscle strength and hypertrophy increased significantly over the past
several decades (2-4, 23). RT variables such as volume, intensity, density, rest interval, duration,
exercise order and selection, repetition velocity, training frequency, and periodization models,
including linear periodization (LP), reverse linear periodization (RLP), nonlinear periodization
((NLP) including undulating periodization (UP) or weekly undulating periodization (WUP))
and block periodization (BP) are manipulated to potentiate musculoskeletal adaptations.

Linear Periodization gradually increases training intensity while decreasing volume with these
changes being made approximately every four weeks (12). NLP is characterized by more
frequent alterations (daily or weekly) in intensity and volume (12). Daily fluctuations in
intensity and load are often categorized as daily UP, whereas weekly fluctuations is specified as
WUP. It is traditional for investigators to focus on altering training load and volume (2, 3, 19,
20) and LP and NLP received more attention in research amongst periodization models (5). The
divergence of RT interventions calls for a systematic review synthesizing the available literature.
Of the published works, there appears to be a scarcity of evidence on different models of
periodization, furthermore, it is noted that most programs limit analyzes to the effect on muscle
strength and hypertrophy (5, 6, 13). Limiting focus to only a few programming styles and
outcome variables leads to neglect of morphofunctional aspects of adaptation (hormonal
variables, cardiometabolic variables, body composition, strength levels), which is considered an
integral component of health.

Although regularly implemented and debated, a recent systematic review and meta-analysis
revealed no differences between LP and NLP in muscle strength (6) and hypertrophic
improvements (5). A more focused review in hypertrophic gains of individuals with different
levels of physical fitness may promote practitioners to be more informed of these periodization
schemes, increasing the likelihood of application when programming for those who desire to
hypertrophy for recreation, sport, or personal health. Thus, the aim of the present study was: 1)
to identify studies that used LP and NLP models of RT in adults; 2) to compare the effects of
different periodization models on morphofunctional capacity in adults with different levels of
physical activity.
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METHODS

Protocol

This systematic review was conducted according to the recommendations described in previous
studies (8,21): 1) frame questions for a review; 2) identify relevant studies; 3) evaluate the quality
of the studies; 4) consolidate the evidence; and 5) interpret results. Moreover, the present review
utilized the 27 PRISMA (Main Items for Reporting Systematic Reviews and Meta-analyzes)
items to assure transparent and complete interpretation of the interventions. This systematic
review of the literature was performed from bibliographic research of studies that analyzed the
effects of different RT periodization models in adults. The search was conducted using Ebsco,
PubMed and Web of Science databases, from January 2007 to June 2017. The selection of the
descriptors followed the indicators of DeCS (descriptor of issues in health science from Bireme).
The following descriptors were considered for the search: resistance training; strength training;
linear periodization, undulating periodization; daily undulating periodization; non-linear
periodization. Logical operators “AND”, “OR” and “AND NOT” were used for the combination
of the descriptors. After these criteria, there were 8893 studies that could be reviewed.

During phase one, potential studies were identified and duplicates were removed, totalling 4337
publications with potential for the review. Figure 1 presents the organogram that describes each
phase and strategies used for the selection of the studies. In the event of disagreement, a third
and fourth researcher performed the final analysis (AJF] and CGSPM). The inclusion criteria
applied by the researchers were as follows: studies comparing the effect of a training program
with LP and UP. To be classified as an acceptable RT intervention, the training needed to use: a)
free weight and machines, exercise with body weight resistance (including plyometrics), elastic
tubes, isokinetic equipment; b) an adult only sample; c) subjects were submitted to RT with pre-
and post-intervention. A full review of text reading was implemented if the aforementioned
characteristics could not be identified by the abstract.

After the phase one, the studies were read denoting to the following parameters: year of
publication; number of subjects; number of subjects per sex; mean age; height; body mass index;
percentage body fat; percentage fat-free mass; physical activity level; weekly training frequency;
groups; number of subjects per group; RT training method used in the intervention; duration of
the intervention; session volume; load intensity; rest interval between sets; duration of the
training session; number of exercises; type of exercises; test results and conclusions drawn.
Twenty-two studies remained for possible inclusion. Following the initial evaluation, phase two
applied the following exclusion criteria: articles that did not detail the sample, absence of
detailed statistical analysis, and lack of appropriate training description.

RESULTS

After these criteria, 22 studies were selected, and 11 met the final revision process. Refer to
Figure 1.
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Figure 1. Organogram presenting the phases of the methods used for study selection and inclusion in the systematic
review.
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Eleven studies were included in the present review. Of those, two studies (12, 16) (18.2%)
evaluated college athletes, two studies (15, 17) (18.2%) strength-trained men, two studies (18.2%)
evaluated individuals who were sedentary (18, 22), two studies (18.2%) included individuals
considered physically active (23, 24), one study (9) (9.1%) trained participants with clinical
conditions, and two studies (4, 25) (18.2%) did not present this information.

Table 1 presents descriptive information of the included studies. The mean sample size across
the included investigations was 35 + 27. Two studies (4, 9) (18.2%) used mixed sample (men and
women), five studies (12, 15, 17, 22, 23) (45.4%) exclusively with men and four studies (16, 18,
24, 25) with women (36.4%). The mean age of the subjects was 31.6 + 17.4 years. One of the
studies (9) (9.1%) reported the presence of disease, in this case severe chronic obstructive
pulmonary disease (COPD).
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Table 1 Notes: ACE: angiotensin-converting enzyme, ACT: active, ATL: athlete, BMD: bone mineral density, COPD:
chronic obstructive pulmonary disease, CTL: control group, DIS: disease, DROP: dropouts, EMG:
electromyographic, LP: linear periodization, M: mean, MS: muscular strength, MVC: maximum voluntary strength,
NCAA: National Collegiate Athletic Association, NP: no presence, NPer: non periodized, RM: repetitions
maximum, RT: resistance training, SED: sedentary, STr: Strength trained, UP: undulating periodization.

Table 2 presents the descriptive statistics of the samples included in this review. Among the
anthropometric characteristics of the included sample, mean height was 169.3 + 8.5 cm, while
one study (9) (9.1%) did not report this information. The mean body mass index was 25.41 +
4.4 kg/m?. Data revealed that six studies (12, 15, 16, 22, 24, 25) (54.5%) used normal weight
subjects according to a World Health Organization (26) (18.5-24.9 kg/m?), four studies (9, 17,
18, 23) (36.7%) overweight (25.5-29.9 kg/m?), and one study (25) (9.1%) obese (=30 kg/m?). The
mean body fat percentage was 22.13 + 16.5%, while five studies (9, 12, 15, 24, 25) (45.4%) did
not report this information. The mean fat-free mass value was 54.20 + 30.01% reported in four
studies (4, 9, 17, 18) (36.4%). Among studies, three studies (18, 22, 23) (27.3%) included a
control group. From UP models, two studies (24, 25) (18.2%) followed weekly changes, and
eight studies (4, 9, 12, 15, 16, 17, 18, 23) (72.7%) daily changes, known as, “Weekly Undulating
Periodization (WUP)” and “Daily Undulating Periodization (DUP)” respectively, while one
study (22) did not report the undulating method used.
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Table 2 Notes: ACE: angiotensin-converting enzyme, BMD: bone mineral density, COPD: chronic obstructive
pulmonary disease, CTL: control group, EMG: electromyographic, HW: Healthy weight, kg: kilograms, LP/NLP:
Comparing the LP model with NLP in the study, LP: linear periodization, M: mean, MS: muscular strength, MVC:
maximum voluntary strength, NCAA: National Collegiate Athletic Association, NP: No presence, NPer: non
periodized, OB: obesity, OW: overweight, RM: repetitions maximum, RT: resistance training, UP: undulating
periodization, WUP: weekly undulating periodization.

Table 3 presents the RT protocols implemented in the selected investigations. The mean number
of sets in each RT model was 3 £ 1 for both (LP and UP), and the mean repetitions used was 10
+ 5. The mean rest interval between sets used was 2 + 1 minutes. The mean number of exercises
used was 7 + 3, while the lowest number of exercises used in a study was three, and the highest
was 10. Training duration ranged from 45 to 90 minutes. Load intensity was determined by 1
RM percentage in two studies (22, 24) (18.2%), while nine studies (4, 9, 12, 15, 16, 17, 18, 23, 25)
(81.9%) used repetitions maximum (RM) zone to determine the RT intensity.
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Table 3 Notes: BP: bench press, DUP: daily undulating, H: hypertrophy training, LBM: Launches with medicinal
balls, LEG: Leg press, LP: linear periodization, Min: minutes, NLP: non linear periodization, NP: no presence, NPer:
non periodized model, P: power training, Rep: repetition, RM: repetitions maximum, s: seconds, S: strength
training, SCM: vertical jump.

Table 4 presents data from external load, exercise number and classification, variables used in
the evaluation, duration of the intervention, weekly frequency, and results. Daily external load
(DEL) was calculated by the following equation: DEL = number of sets x repetitions x number
of exercises. Weekly external load (WEL) was obtained by the following equation: WEL = DEL
x weekly frequency. The total external load (TTL) was calculated as follows: TTL = WEL x
duration of the intervention in weeks. The duration of the studies varied from 12 to 28 weeks,
while the mean duration of the studies was 14 + 5 weeks. The mean weekly frequency was three
sessions. The mean DEL was 201 £+ 3 AU, 199 + 118 AU for LP, and 203 + 111 AU for UP. The
mean WEL was 658 + 6 AU, 654 + 445 AU for LP, and 662 + 403 for UP. The mean TTL was 9.905
+120 AU, 9.821 + 8285 AU for LP, and 9.990 + 7870 AU for UP. The main variables evaluated in
the studies were: muscle strength (100%) determined by 1RM in nine studies studies (4, 9, 12,
15, 16, 17, 18, 23, 25) (90.9%), 8RM in one study (15) (9.1%), vertical jump and medicine ball
throws in one study (12) (9.1%), body fat percentage in six studies (4, 16, 17, 18, 22, 23) (36.4%)
and fat mass in four studies (4, 8, 17, 18) (54.5%), hormonal response by testosterone, cortisol,
and cytokines responsivity in one study (18) (9.1%), and biochemical blood markers by total
cholesterol and fractions, homeostasis model assessment of insulin resistance (HOMA-IR), and
glycaemia in one study (4) (9.1%).
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Table 4 Notes: 1RM: one maximum repetition test, SRM: eight repetitions maximum test, AU: arbitrary units, BMD:
bone mineral density, BMI: body mass index, DEL: (daily external load = number of sets x repetitions x number of
exercises), EMG: electromyographic, HOMA-IR: homeostasis model assessment of insulin resistance, LP: linear
periodization, MRFD: Maximal of rate force development, MVC: maximal voluntary contraction, MVC: maximum
voluntary strength, N: newton, NLP: non-linear periodization, POST: post periodization, PRE: pre-periodization,
rep: repetition, RMR: resting metabolic rate, T1: pre-first-week training, T12: post-twelfth-week training, T2:
medium periodization, T3: post periodization, TTL: The total external load = WEL x duration of the intervention in
weeks), TV: total volume, Vmax: maximal movement velocity, VO,max: maximal oxygen consumption, WEL:
weekly external load = DEL x weekly frequency).

DISCUSSION

The purpose of this systematic review was to evaluate the impact of various RT periodization
schemes on morphofunctional factors in adults with different levels of physical activity. This
investigation identified: (i) the number of studies focusing on periodization has intensified in
the last 10 years; (ii) investigators improved by providing detailed subjects characteristics; (iii)
few studies precisely reported training load and volume quantification; (iv) great variety of RT
protocols existed (number and exercise classification, number of sets, rest interval between sets,
and training load used); (v) results were also discrepant. Due to the dramatic discrepancy in the
samples studied and RT protocols implemented, conclusions regarding optimal programming
became difficult to resolve.

On average, RT programs (LP and NLP) implemented three sets per session, however, those (22,
23) using UP adopted two sets for the first training day, three sets for the second, and four sets
for the third training day. When physically active or trained individuals were evaluated both
periodization styles found superior results in strength for UP versus LP.

The mean total number of repetitions used for LP and UP was 10. However, studies (17, 22, 23)
that used UP adopted 12 to 15 repetitions for the first training session, 8 to 10 repetitions in the
second, and 3 to 6 repetitions in third training day. These confirmative results indicate superior
improvements in strength from UP versus LP (% improvement) although other studies included
in this review used UP, there was no standardization in repetitions used, which makes
comparisons very hard. For example, one study (18) adopted an UP implementing the following:
12 to 14, 10 to 12, 8 to 10, and 6 to 8 repetitions for each RT session. Similarly, another study (16)
reported the use of 4 to 6, 8 to 10, and 12 to 15 repetition schemes for each training day, while
other (15) used 8 to 10, 6 to 8, and 4 to 6 repetitions per day and other (4) used 15 to 20, 10 to
12,and 6 to 8 repetitions. Despite the wide variety of undulations used, all studies point to
superior results in strength for UP versus LP, regardless of the initial physical activity level, sex,
and age.

The mean duration of rest interval between sets was 2 minutes, while three UP studies (17, 22,
23) adopted 1, 2, and 3 minutes rest intervals according to each RM zone in RT sessions. One
study (18) reported the use of 1min, 1min 20s, 1min 40s, and 2min in each training session. Other
(4) limited rest to 45s, Imin, and 1min 30s in each RT session. To note, the change in rest interval
may change training density, which could influences the results.
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The mean number of exercises used was 7 * 3, four studies (4, 15, 16, 18) used ten exercises and
three studies (12, 22, 23) used 4-5 exercises. Although manipulation of this training variable
would change total volume, it appears to have little impact on muscle strength relating to
periodization models.

One study (17) reported that daily modifications in intensity was an effective stimulus to
increase muscle strength and reduce training monotony, suggesting that UP would produce
higher stress to the neuromuscular system. Thus, control of external loads is necessary to better
identify RT adaptations. Supporting this theory, nearly half of the included studies reported
superior improvements in muscle strength following UP when compared to LP (4, 8, 12, 15, 16,
23). Specific to body composition, reported as either body mass and/or BMI, there appeared to
be no difference between periodization models. Few studies evaluated hormonal response (16,
18). These authors reported an improvement in insulin levels and HOMA-IR favoring UP versus
LP, alternatively, improvement in irisin levels favored LP versus UP. We hypothesize that,
independently of training models used (LP or NLP), the training load has a direct influence on
the response induced by strength training.

The present systematic review investigated the available data in the literature comparing the
effects of different periodization models (LP and UP) and their subdivisions. Authors provided
details specific to the intervention design so that comparisons could be made, a confounding
issue in previously published systematic reviews. Although comparisons were possible, current
literature involving periodized RT following LP or UP presented discrepant results, which
undermines the potential for a consensus or recommendations at this time. Moreover, RT
duration of most studies is quite short and this should be considered prior to making
conclusions. Most characteristics and differences between studies reported here should continue
to be used in future experimental designs to improve our understanding about periodization
models. It seems that both periodization models are effective for adults and may be
implemented in RT individuals to avoid monotony, training dropouts, and improve progressive
overload.
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