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ABSTRACT
The traditional linear periodization model is designed for modifications to be performed over several weeks, whereas alterations in the undulating model are applied on a more frequent basis. The study investigated a novel periodization scheme, the muscle daily undulating periodization model (mDUP). Thirty-seven men were randomly assigned into 2 groups: (a) a group that performed 12 weeks of daily undulating periodization with fix overload (DUP-F) resistance training (n= 19) and (b) a group that performed 12-weeks of muscle daily undulating periodization with variation overload (mDUP) (n= 18). Body composition and strength assessments (muscular endurance and one repetition maximum [1 RM] for barbell bench press, 45º leg press, lat pull down, and standing arm curl) were completed before and after the program. Two-way MANOVA with repeated measures was used to compare groups with significance set at p<0.05. There were no differences between periodization programs for anthropometric variables (p > 0.05, η2p = 0.04), but improvement was noted over time (p < 0.001, η2p = 0.60). No differences were observed between periodization programs for strength (p > 0.05, η2p = 0.056), but strength increased over time (p < 0.001, η2p = 0.95). Similarly, no muscular endurance differences were seen between periodization programs (p > 0.05, η2p = 0.15), but measures increased over time (p < 0.001, η2p = 0.60). When it comes to body composition, muscle strength, and muscle endurance, the present study provides evidence that both periodization models displayed similar results, with more evident improvements in strength. Thus, it seems pertinent to consider this new periodization model plausible for RT practitioners in order to achieve new adaptations.
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INTRODUCTION

Periodization consists of planned variations in both the acute and chronic variables of a training program (4). Fleck (11) defines resistance training (RT) periodization as altering program variables in regular interval periods, with the intention of inducing optimal gains of strength, power, motor performance and/or muscle hypertrophy.
In this sense, an interesting RT model is undulating periodization (or nonlinear) that promotes a variation in intensity and volume within a maximal period of 7-10 days (30). Thus, the modification of training parameters is more frequent, being completed in shorter periods. This RT periodization model is relatively recent, considering that the first report of undulating periodization was proposed by Poliquin in 1988 (24). While the traditional linear periodization model is designed for modifications to be performed over several weeks, alterations in the undulating model are applied in a one-week basis (weekly undulating periodization), or every training session (daily undulating periodization) (33).
More recently, the premiere method of resistance training has been reported to be a flexible, nonlinear (FNL) workout program (18). This training system follows many of the same concepts, goals, and strategies of traditional strength periodization and undulating periodization. The major point of this variation is to adjust the training loads to the physiological and psychological state of the practitioner, guarantying an improved evolution. To the best of our knowledge, only two studies compared different undulating periodization models. McNamara & Stearne (20) found that FNL resulted in superior performance in the leg press exercise versus nonlinear periodization, while no differences were found for the chest press and standing long jump in beginning weight training students. Another study evaluated recreationally trained college subjects who completed nine weeks of linear, weekly or daily undulating models and no difference in strength gains was found among periodizations (18).
The present study was designed to propose and compare a new periodization model, never investigated before, the muscle daily undulating periodization model (mDUP). The main characteristic of this proposal is that a muscle group could be trained at light, moderate or high intensities on the same week, for example, exercises for the chest with 4-6 repetitions maximum (RM) on Monday and exercises for biceps with 12-15 RM, then on Thursday biceps exercises would start the session with 4-6 RM and chest exercises would be trained with 12-15 RM (27). In theory, this would allow this muscle group to be trained at a maximal effort without more than 3-4 days to be stimulated again with a lighter load.    
This is particularly important, considering that exercise order has an effect on muscle strength gains, even in trained individuals (2). Moreover, previous studies have indicated that training induced neuromuscular adaptations for exercises performed at the end of a RT session are reduced versus exercises performed at the beginning of a RT session (9). Thus, the objective was to compare the effects of daily undulating periodization (DUP) with fixed overload (DUP-F) versus muscle daily undulating variable overload (mDUP) on strength, muscle endurance, and body composition of trained subjects following 12 weeks of training. The hypothesis is that both periodizations would result in similar increase of muscle strength and endurance, with limited results on body composition due the trained status of the subjects.

METHODS
Participants
Thirty-seven men aged 18-25 were recruited and randomly assigned into 2 groups: (a) a group that performed 12 weeks of daily undulating periodization with fix overload (DUP-F) resistance training (n= 19) and (b) a group that performed 12-weeks of muscle daily undulating periodization with variation overload (mDUP) (n= 18). The inclusion criteria were a minimum of strength training for at least 1-year and not currently using ergogenic supplements. According to the American College of Sports Medicine (1), the individuals were considered "trained". Training experience and habitual physical activity were determined by the use of a questionnaire and interview. During the 12-months prior to the study, all subjects had strength trained at least 4 times per week using 3 sets of 8-10 repetitions using an 8-10 RM resistance for the exercise performed. If the subjects missed 2 training sessions, they were removed from the study. The training period for all subjects started in the beginning of August when university classes began. All participants signed an informed consent document approved by the local University Research Ethics Committee for Human Use (Protocol No. 114/2006). The present research procedures were in accordance with guidelines for use of human subjects set forth by the ACSM (1) and the International Journal of Exercise Science ethical policies (22).

Protocol
In the present study, both periodization programs were based in previous studies from Rhea et al. (31, 33). The exercises proposed for both groups were the same, performed four times a week. Two days per week session A training was performed (Monday and Thursday) and two days per week session B training was performed (Tuesday and Friday) (table 1). The training load was different according to the repetition zone for each group (DUP-F versus mDUP) (table 2). The dependent variables were strength and body composition, and the independent variables were the periodization models (DUP-F and mDUP). Tests for body composition and maximum strength were performed pre-training (T1), after 8 weeks of training (T2), and after 12 weeks of training (T3) (Figure 1).
Table 1: Training Program Design
	Training A (sessions 1 and 3)
	                Training B (sessions 2 and 4)

	Bench press
Incline bench dumbbell press
Flat bench dumbbell fly
Standing arm curl
Alternating dumbbell arm curl
Barbell wrist curl
Shoulder press
Barbell Shoulder row
Lateral raise
	Front lat pull down
Single arm dumbbell row
Reverse cable crossover
Triceps barbell extension
Triceps pushdown
Back squat
45º leg press
Leg curl
Standing calf raise

	*Four weekly sessions, 2 days per week training session A was performed (Monday and Thursday) and 2 days per week session B training was performed (Tuesday and Friday).




Table 2: Weekly Training Load by Zone repetitions
	DUP-F (n = 19)
Weeks 1,5,9
Days 1 and 2                                       3 sets of 8 RM
Days 3 and 4                                       3 sets of 12 RM
Weeks 2,6,10                                      
Days 1 and 2                                       3 sets of 6 RM
Days 3 and 4                                       3 sets of 10 RM
Weeks 3,7,11
Days 1 and 2                                       3 sets of 4 RM
Days 3 and 4                                       3 sets of 8 RM
Weeks 4,8,12
Days 1 and 2                                       3 sets of 14 RM
Days 3 and 4                                       3 sets of 14 RM
mDUP (n = 18)
Weeks 1,5,9
Days 1 and 2                           3 sets of 8RM –12 RM
Days 3 and 4                           3 sets of 12RM –8RM
Weeks 2,6,10                                      
Days 1 and 2                           3 sets of 6RM –10RM
Days 3 and 4                           3 sets of 10RM –6RM
Weeks 3,7,11
Days 1 and 2                             3 sets of 4RM –8RM
Days 3 and 4                             3 sets of 8RM –4RM
Weeks 4,8,12
Days 1 and 2                                       3 sets of 14RM
Days 3 and 4                                       3 sets of 14RM


Undulating Periodization with Fixed overload (DUP-F); Muscle Daily Undulating Periodization with Variable overload (mDUP); Maximum Repetitions (RM). 


[image: ]Figure 1: Experimental Design 

Undulating Periodization with Fixed overload (DUP-F); Muscle Daily Undulating Periodization with Variable overload (mDUP); Baseline tests (T1); Tests after 8weeks training periodization (T2); Tests after 12weeks training periodization (T3); Maximum Repetition (RM).



Body Composition: Body composition was determined using skinfold thickness with a Lange skinfold caliper (Beta Technology, Santa Cruz, CA, USA). The Jackson and Pollock (16) equation for men (18 to 61 years old) was used to estimate body density. In this equation, the sum of the chest, abdominal, and thigh skinfolds is used. The same investigators performed all tests. Body fat percentage was estimated by the Siri (36) equation. Body fat percentage was used to estimate fat mass (kilogram) and fat-free mass (kilogram).

Strength Assessments: One Repetition Maximum (1 RM) tests for barbell bench press, 45º leg press, lat pull down (Cybex International, Medway, MA, USA), and standing arm curl were used to determine maximal strength. The 1 RM tests were performed on the same day with a minimum 10-min rest interval between tests in the following order: bench press, arm curl, 45º leg press, and lat pull down. After a general warm-up (10 min low-intensity treadmill running), subjects performed 8 repetitions with an estimated 50% 1 RM of the exercise being tested using each subject’s previous training experience, and after 1-min rest, 3 repetitions with an estimated 70% of 1 RM were performed. After 3-min, subsequent trials were performed for 1 repetition with progressively heavier weights until the 1 RM was determined within 3 attempts, using 3- to 5-min rest periods between trials (19). The range of motion and exercise technique were standardized according to the descriptions of Brown and Weir (5). To assure pretraining 1 RM were stable prior to beginning training, the pretraining 1 RM were determined on 3 separate days with 48 hours between trials. A high interclass correlation was found between the second and the third 1 RM trials (bench press ICC = 0.99; 45º leg press ICC = 0.98; arm curl ICC = 0.97; lat pull down ICC = 0.99). The greatest 1 RM determined from the last 2 trials was used as the baseline measure. Student’s t-tests showed no significant differences between the (DUP-F and mDUP) groups (p ≤ 0.05), for pretraining maximal strength values in any of the 4 exercises tested. 

Muscular Endurance Assessments: The muscular endurance test was conducted 48 h after maximal strength testing. The test was accomplished by execution of repetitions to exhaustion. After a short period of light aerobic warm-up (10 min low-intensity treadmill running), participants performed as many repetitions as possible without stopping or pausing between repetitions with a fixed cadence and 80% of 1 RM [adapted from Prestes et al., (26)], in the same exercises performed: bench press, arm curl, 45º leg press, and lat pull down. As in the 1 RM test, to ensure the reliability of the baseline measure, this procedure was repeated on a separate day, and the highest number of repetitions was recorded, with high interclass correlation for both trials (bench press ICC = 0.95; 45º leg press ICC = 0.96; arm curl ICC = 0.96; lat pull down ICC = 0.97).
Statistical Analysis
Statistical analyses were performed using SPSS software (Version 22; SPSS, Inc, Chicago, IL, USA) and data are presented as mean ± SD. Normal distribution of variables were analyzed by the Shapiro-Wilk test. Two-way MANOVA with repeated measures was used to compare exercise groups on the dependent variables. The assumption of multivariate outliers was not violated (Mihanalobis distance). In addition, if M-box test was significant, Pillai’s trace criterion was used for more robust departures from assumptions (37). Group (DUP-F and mDUP) served as a between-subjects factor, while Time (T1, T2, and T3) served as a within-subject factor, and the statistical significance was set at p < 0.05. If assumptions of sphericity were violated, the Greenhouse-Geiser adjustment was used. The Bonferroni adjustment was used for multiple pairwise comparisons.
Eta partial squared (η2p) was calculated as a measure of effect size (the proportion of variance in the dependent variable explained for by variation in the independent variable), considering 0.01, 0.06, and 0.14, as small, moderate, and large, respectively. The magnitude of the changes between groups was assessed using Cohen’s d effect size and presented with the 90% confidence interval (90% CI) (figure 2). Threshold values for 0.2 (small), 0.6 (moderate), and 0.8 (large) were considered. The effect size across time points was calculated as recommended by Rhea (29). Participants enrolled in the present study were considered recreationally trained, therefore, effect size magnitudes were considered as < 0.35 (trivial), 0.35-0.80 (small), 0.80-1.50 (moderate), and > 1.50 (large).


[image: ]Figure 2. Effect size ( 90% CI) of the difference between the two periodization programs at T3 (DUP-F vs. DUP-V) of each dependent variable. 
(A: Strength; B: Endurance; C: Body Composition)


RESULTS
Strength: MANOVA revealed no significant effect between periodization programs (Pillai´s Trace = 0.056, F(4,31) = 0.460, p > 0.05, η2p = 0.056), but instead showed a significant effect for time (Pillai´s Trace = 0.949, F(8,27) = 62.69, p < 0.001, η2p = 0.95). No interaction effect (Time x Group) was observed [Pillai´s Trace = 0.372, F(8,27) = 2.00, p = 0.085, η2p = 0.37]. 
Univariate analysis indicated differences of time for bench press (F(1.32,44.96) = 93.89, p < 0.001, η2p = 0.73), lat pulldown (F(1.56,53.18) = 192.46, p < 0.001, η2p = 0.85), leg press (F(1.20,40.78) = 118.93, p < 0.001, η2p = 0.78), and arm curl (F(1.94,66.24) = 109.25, p < 0.001, η2p = 0.76). The univariate Time x Group interaction was significant only for arm curl (F(1.94,66.24) = 109.25, p < 0.001, η2p = 0.76). No significant differences were observed between groups at any time point. Pairwise comparisons with Bonferroni adjustment, showed that all strength measurements were greater at T3 in comparison to T1 in both groups (Table 3).

	Table 3. Strength

	Groups                             T1                       T2                   T3              Change T1-T2      Change T1-T3    Change T2-T3      ES T1-T2           ES T1-T3            ES T2-T3
                                                                                                                          (%)                       (%)                      (%)             (magnitude)        (magnitude)       (magnitude)

	Bench Press (kg)
DUP-V                      85.5  18.07      93.2  20.17       99.8  24.24┼*             9.0                       16.7                        7.1               0.43 (small)             0.79 (moderate)     0.33(trivial)
DUP-F                      80.1  26.41      88.2  28.98       92.8  29.90┼*             10.1                      17.7                        6.5               0.47 (small)            0.48 (small)           0.16(trivial)          
Lat Pull Down (kg)
DUP-V                     70.8  14.16      76.2  13.46        81.4  14.34┼*              7.6                       15                           6.8               0.38 (small)           0.75 (moderate)    0.39 (small)
DUP-F                     69.4  15.51       76.7  15.52       81.7  16.35┼*               10.5                    17.7                         6.5              0.47 (small)           0.79 (moderate)    0.32 (small)   
45º Leg Press (kg)
DUP-V                     203.9  51.69     249.4  69.06     278  72.49┼*                22.3                     36.4                       11.5             0.88 (moderate)    1.44 (large)        0.41 (small)
DUP-F                     215.5  49.61      245  49.97       271.1  47.01┼*             14                         26.1                       10.7            0.60 (moderate)    1.13 (large)        0.52(moderate)
Standing Arm Curl (kg)
DUP-V                     38.8  9.58        39.9  10.27     44.5  9.47┼*                      2.8                     14.7                       11.5             0.11 (trivial)         0.59 (moderate)  0.45 (small)
DUP-F                     35.7  6.56        38.7  6.71       41.6  6.08┼*                      8.4                    16.5                         7.5               0.46 (small)         0.90 (moderate)   0.43 (small)    

	Undulating Periodization with Fixed overload (DUP-F); Undulating Periodization with Variable overload (DUP-V); Baseline tests (T1); Tests after 8weeks training periodization (T2); Tests after 12weeks training periodization (T3)
* Significant difference in comparison to T1 (p < 0.05)
┼ Significant difference in comparison to T2 (p < 0.05)



Muscular Endurance: For muscular endurance, the MANOVA indicated no significant effect between periodization programs (Pillai´s Trace = 0.153, F(4,32) = 1.44, p = 0.24, η2p = 0.15), and no interaction effect (Time x Group) [Pillai´s Trace = 0.115, F(8,28) = 0.45, p = 0.87, η2p = 0.11]. Otherwise, there was a significant effect for time (Pillai´s Trace = 0.596, F(8,28) = 5.15, p = 0.001, η2p = 0.60). 
Univariate analysis revealed significant differences of time for bench press [F(2,70) = 3.62, p= 0.032, η2p = 0.09], and leg press [F(2, 70) = 11.18, p < 0.01, η2p = 0.24]. There was a trend effect for time in arm curl tests [F(2, 70) = 2.88, p= 0.062, η2p = 0.07] (table 4). Significant differences were observed between groups for arm curl [F(1,35) = 4.82, p= 0.035, η2p = 0.12]. Table 4 shows that participants in the DUP-F experienced a grater increase in arm curl muscular endurance at T2 than mDUP (9.4% vs. 2.3%, respectively). 


[image: ]* Significant difference in comparison to T1 (p < 0.05)
# Significant difference between group at the same time point (p < 0.05)




Anthropometric Variables: The MANOVA for anthropometric variables revealed no significant main effect for periodization programs (Wilk’s Lambda= 0.952, F(3,33) = 0.55, p > 0.05, η2p = 0.04). On the other hand, there was a significant effect for time (Wilk’s Lambda = 0.404, F(8,28) = 5.15, p < 0.001, η2p = 0.60), and a multivariate Time x Group interaction [Wilk’s Lambda= 0.647, F(6,30) = 2.73, p < 0.05, η2p = 0.35]. 
Univariate analysis revealed significant differences of time for free fat mass [F(2, 70) = 31.13, p < 0.001, η2p = 0.47], body fat mass [F(1.17, 41.15) = 5.57, p < 0.01, η2p = 0.14], and body fat [F(2, 70) = 46.32, p < 0.001, η2p = 0.57]. There was no significant time main effect for body mass. Pairwise comparisons indicated significant differences across T1 and T3 in both periodization programs for free fat mass, fat mass, and body fat (table 5).


	Table 5. Anthropometric variables

	Groups                             T1                       T2                   T3              Change T1-T2      Change T1-T3    Change T2-T3      ES T1-T2        ES T1-T3     ES T2-T3
                                                                                                                          (%)                       (%)                      (%)             (magnitude)    (magnitude) (magnitude)

	Body Mass (kg)
DUP-V                      76.4  4.32          75.5  4.93       76.7  4.19                -1.2                        0.39                     1.62              0.21 (trivial)       0.07 (trivial)     0.25 (trivial)
DUP-F                      77.7  6.13           78  5.61          77.9  5.80               0.36                        0.21                    -0.15             0.05 (trivial)       0.03 (trivial)      0.02 (trivial)          
Free Fat Mass (kg)
DUP-V                     65.1  2.73            65.9  2.87 *      66.7   2.94┼*          1.21                       2.35                     1.12              0.29 (trivial)       0.56 (small)     0.26 (trivial)
DUP-F                     65.8  3.87            66.2  3.57      66.7  3.74┼*              0.65                        1.31                     0.65              0.11 (trivial)      0.22 (trivial)     0.12 (trivial)   
Body Fat mass (kg) 
DUP-V                     11.2  3.17           9.54  2.87 *    10.0  2.88┼*              -15.2                     -10.93                   5.0               0.54 (small)       0.39 (small)      0.13 (trivial)
DUP-F                     11.9  3.55           11.8  3.4         11.2  3.38┼*              -1.18                      -5.88                   -4.76             0.04 (trivial)       0.20 (trivial)     0.16 (trivial)
Body Fat (%)
DUP-V                     14.1  2.86          13.7  2.84 *       13.3  2.70┼*             -2.83                     -5.80                   -3.05             0.14 (trivial)       0.29 (trivial)     0.15 (trivial)
DUP-F                     15.3  3.68          15.1  3.63        14.3  3.69┼*                -1.31                     -6.21                   -4.97            0.05 (trivial)       0.26 (trivial)    0.21 (trivial)    

	Undulating Periodization with Fixed overload (DUP-F); Undulating Periodization with Variable overload (DUP-V); Baseline tests (T1); Tests after 8weeks training periodization (T2); Tests after 12weeks training periodization (T3).
* Significant difference in comparison to T1 (p < 0.05)
┼ Significant difference in comparison to T2 (p < 0.05)



DISCUSSION
The main objective of present study was to propose and compare a novel periodization model, the muscle daily undulating periodization model, which has never been investigated before. The main characteristic of this proposal is that a muscle group could be trained at light, moderate or high intensities in the same week. When it comes to muscle strength, muscle endurance, and body composition, the present study provides evidence that both periodization models displayed similar results, with more evident improvements in strength.
The superiority of periodized RT to increase maximal strength regardless of training volume or training status over non-periodized RT has been demonstrated in two meta-analyzes (29)(39) In this sense, it seems pertinent to adopt periodization models when the purpose of a training program is to increase muscle strength in healthy trained adult men.
According to review published by Evans (10), both linear and undulatory models are effective for increasing muscle strength, with the exception that the undulatory model may provide a greater benefit. The possible reason for this superiority focuses in periodization structure, which incorporates more frequent variations in load (24; 31). However, caution is needed due to study designs employed and results not necessarily being attributed to the nature of periodized training (10).
Similarly, in a study conducted by Miranda et al. (21) in resistance-trained men, linear periodization (LP) and DUP responses were tested for 12-weeks. Both interventions showed significant increases in muscle strength, but DUP promoted superior effect size gains in maximal and submaximal muscle strength. On the other hand, other authors have not identified significant differences between these periodization systems (3, 6, 15, 28).
Considering the results achieved in our study, the application of mDUP and DUP-F were effective in increasing muscle strength, bearing in mind the effect sizes achieved. Because periodization is designed to be a long-term approach to training (23, 12, 38), there may be different effects between mDUP and DUP-F after an intervention period longer than 12-weeks. In turn, in this study an increased muscle endurance was observed in both groups. However, arm-curl exercise showed a better response after 8-weeks of training for those volunteers who performed mDUP. In contrast, this difference did not remain after 12-weeks.
To the best of our knowledge, only three studies evaluating muscle endurance while employing DUP were found (32; 33, 8). In the first study (32) no differences were observed between DUP and LP, but both provided improvements. In turn, according to Rhea et al. (33) and De Lima et al. (8), DUP has superiority over LP when muscular endurance is considered, however, in both, the training program was high volume in relation to the repetition target zone. In this context, besides specificity involved in a training program aimed at improving muscular endurance, a possible cause for this superiority is that DUP exerts greater stress on the neuromuscular system, providing greater adaptations and resulting in increased muscle endurance. In addition, Rhea et al. (31, 33) and Prestes et al. (26, 28) noted the main methodological problem of comparisons between periodization models, which involves both intensity and volume not being equated in most studies.
It is important to highlight that in our study the training volume and intensity were not equal between periodization models, due to structural organization that involves the training model proposed by mDUP, which uses target zones to reach the intensity. This condition allows a variation in total training volume, thus making the equalization between the periodizations unfeasible. Therefore, this situation facilitated that training volume in mDUP induced greater adaptations in muscle endurance compared to DUP-F after 8-weeks of training. It is noteworthy that effect sizes found in each exercise tested for muscle endurance presented high dispersion, requiring caution as to interpretation and extrapolation of results achieved.
Regarding the body composition of volunteers, the two proposed periodizations mediated improvements in free fat mass, fat mass and body fat. Moreover, no differences were observed between groups, but the first two variables had a moderate and large effect size, respectively. A systematic review has shown that periodized and non-periodized RT for muscle hypertrophy outcomes produce similar results, but the limited number of studies analyzed, of which only two included trained individuals, make it difficult to draw definitive conclusions (35). Moreover, only the study design conducted by Schoenfeld et al. (35), among those included in this review, used direct measures to assess muscle hypertrophy coupled with little benefit for periodized RT.
Among the aspects involved in these conflicting results, we highlight the use of doubly indirect measures, such as our study, in addition to short intervention periods. In turn, when comparing the effects of DUP and LP, the adaptations appear equally effective with regard to muscle hypertrophy, but this conclusion can only be generalized to untrained populations (10, 14).
In the meta-analysis conducted by Grgic et al. (14), the authors suggest that muscle mass gain is more related to training volume than to the use of LP or DUP models (17). However, it is still unclear whether these findings are generalizable to other forms of periodization, such as mDUP and DUP-F. In this condition, it is suggested that studies with longer intervention periods should be conducted, with the use of direct measures and the definition of body composition as a primary outcome variable to reach a sufficient sample number to confirm or reject the results achieved in our study.
Among strengths/weaknesses, the use of doubly indirect measures for body composition assessment, and the absence of nutritional control methods suggest diligence regarding the interpretation and extrapolation of our results to the remaining population of healthy, resistance-trained adult men. In contrast, this is the first study to propose a mDUP model and to verify its effects on body composition, strength and muscle endurance. Although these anthropometric measures and strength tests are simple, they are very practical and costless, which increase the practical applications for coaches and professionals in daily training.
In conclusion, the findings of this study suggest that both mDUP and DUP-F showed similar results and are interesting strategies for improving body composition, strength and muscle endurance. However, the comparison between mDUP and DUP-F showed a moderate to large effect size for strength and body composition. Thus, it seems pertinent to consider this new periodization model plausible for RT practitioners in order to achieve new adaptations. Furthermore, in bodybuilders that may show certain specific muscle deficits, the periodization of the muscle per day, rather than the training session might be an interesting approach, so that a specific muscle can receive more attention than others.  
Future studies should also focus in comparing periodization models in other populations, such as elderly, and women that are understudied in this area. This would help to expand generalizability, especially due to the very specific population included in this study.

ACKNOWLEDGEMENTS
Graduate Program in Physical Education at the Catholic University of Brasilia and CAPES (Coordenação de Aperfeiçoamento de Pessoal de Nível Superior) fellowships addressed to research assistance. The fund providers had no role decision to publish and preparation on the paper. We also thank Dr. Douglas Popp Marin for the assistance in the statistics.



REFERENCES
1. American College Of Sports Medicine (ACSM). Progression Models in Resistance Training for Healthy Adults. Medicine & Science In Sports & Exercise, [S.L.], v. 41, n. 3, p. 687-708, mar. 2009. 
2. Assumpção CO, Tibana RA, Viana LC, Willardson JM, Prestes J. Influence of exercise order on upper body maximum and submaximal strength gains in trained men. Clin Physiol Funct Imaging. in press, 2013.
3. Baker, D, Wilson, G, and Carlyon, R. Periodization: The effect on strength of manipulating volume and intensity. J Strength Cond Res 8: 235–242, 1994.
4. Brown LE. Nonlinear versus linear periodization models. Strength Cond J 2001; v.23, p.42-4.
5. Brown, LE and Weir, JP. Procedures recommendation I: Accurate assessment ofmuscular strength and power. J Exerc Physiol 4: 1–21, 2001.
6. Bufford, TW, Rossi, SJ, Smith, DB, and Warren, AJ. A comparison of periodization models during nine weeks with equated volume and intensity for strength. J Strength Cond Res 21: 1245–1250, 2007.
7. Buford TW, Rossi SJ, Smith DB, Warren AJ. A comparison of periodization models during nine weeks with equated volume and intensity for strength. J Strength Cond Res, Nov 2007; 21(4): 1245-50.
8. De Lima C, Boullosa DA, Frollini AB, Donatto FF, Leite RD, Gonelli PR, Montebello MI, Prestes J, Cesar MC. Linear and daily undulating resistance training periodizations have differential beneficial effects in young sedentary women. Int J Sports Med. 2012 Sep;33(9):723-7.
9. DIAS, Ingrid; SALLES, Belmiro Freitas de; NOVAES, Jefferson; COSTA, Pablo Brando; SIMÃO, Roberto. Influence of exercise order on maximum strength in untrained young men. Journal Of Science And Medicine In Sport, [S.L.], v. 13, n. 1, p. 65-69, jan. 2010. Elsevier BV. http://dx.doi.org/10.1016/j.jsams.2008.09.003.
10. Evans JW. Periodized Resistance Training for Enhancing Skeletal Muscle Hypertrophy and Strength: A Mini-Review. Front Physiol. 2019 Jan 23;10:13.
11. Fleck SJ. Periodized strength and strength training: a critical review. J Strength Cond Res 1999; v.13, n.1, p.82-9.
12. Fry, R. W., Morton, A. R., and Keast, D. (1991). Overtraining in athletes. An update. Sports Med. 12, 32–65. doi: 10.2165/00007256-199112010-00004
13. Grgic, J., Lazinica, B., Mikulic, P., and Schoenfeld, B. J. (2018). Should resistance training programs aimed at muscular hypertrophy be periodized? A systematic review of periodized versus non-periodized approaches. Sci. Sports 33, e97–e104. doi: 10.1016/j.scispo.2017.09.005
14. Grgic, J., Mikulic, P., Podnar, H., and Pedisic, Z. (2017). Effects of linear and daily undulating periodized resistance training programs on measures of muscle hypertrophy: a systematic review and meta-analysis. PeerJ 5:e3695. doi: 10.7717/peerj.3695
15. Hoffman, JR, Ratamess, NA, Klatt, M, Faigenbaum, AD, Ross, RE, Tranchina, NM, McCurley, RC, Kang, J, and Kraemer, WJ. Comparison between different off-season resistance training programs in division III American college football players J Strength Cond Res 23: 11–19, 2009.
16. Jackson, AS and Pollock, ML. Generalized equations for predicting body density of men. Br J Nutr 40: 497–504, 1978.
17. Kok LY, Hamer PW, Bishop DJ. 2009. Enhancing muscular qualities in untrained women: linear versus undulating periodization. Medicine & Science in Sports & Exercise 41(9):1797-1807 DOI 10.1249/MSS.0b013e3181a154f3.
18. Kraemer, WJ, Fleck, SJ. Optimizing Strength Training: Designing Nonlinear Periodization Workouts. Champaign, IL: Human Kinetics, 2007.
19. Matuszak, ME, Fry, AC, Weiss, LW, Ireland, TR, and Mcknight,MM. Effect of rest interval length on repeated 1 repetition maximum back squats. J Strength Cond Res 17: 634–637, 2003.
20. McNamara JM, Stearne DJ. Flexible nonlinear periodization in a beginner college weight training class. J Strength Cond Res, Jan 2010; 24(1): 17-22.
21. Miranda F, Simão R, Rhea M, Bunker D, Prestes J, Leite RD, Miranda H, de Salles BF, Novaes J. Effects of linear vs. daily undulatory periodized resistance training on maximal and submaximal strength gains. J Strength Cond Res. 2011 Jul;25(7):1824-30.
22. Navalta, James W.; Stone, Whitley J.; and Lyons, Scott (2019) "Ethical Issues Relating to Scientific Discovery in Exercise Science," International Journal of Exercise Science: Vol.12: Iss.1. Available at: https://digitalcommons.wku.edu/ijes/vol12/iss1/1
23. Pedemonte, J. (1986). Foundations of training periodization part I: historical outline. NSCA J. 8, 62–66.
24. Poliquin, C. (1988). Five steps to increasing the effectiveness of your strength training program. NSCA J. 10, 34–39. doi: 10.1519/0744-0049(1988)010<0034:FSTITE>2.3.CO;2
25. Poliquin, C. (1988). Five steps to increasing the effectiveness of your strength training program. NSCA J. 10, 34–39. doi: 10.1519/0744-0049(1988)010<0034:FSTITE>2.3.CO;2
26. Prestes J , Lima C , Frollini A B , Donatto F F , Conte M . Comparison of linear and reverse linear periodization eff ects on maximal strength and body composition. J Strength Cond Res 2009a ; 23 : 266 – 274
27. Prestes J, Foschini D, Marchetti P, Charro M. Resistance training prescription and periodization in fitness facilities. São Paulo, SP: Manole, 2010 [in portuguese].
28. Prestes J, Frollini AB, de Lima C, Donatto FF, Foschini D, de Cássia Marqueti R, Figueira A Jr, Fleck SJ. Comparison between linear and daily undulating periodized resistance training to increase strength. J Strength Cond Res. 2009b Dec;23(9):2437-42.
29. Rhea MR. Determining the magnitude of tretment effects in strength training research through the use of the effect size. J Strength Cond Res, 18(4):918-920, 2004.
30. Rhea, M. R., and Alderman, B. L. (2004). A meta-analysis of periodized versus nonperiodized strength and power training programs. Res. Quart. Exerc. Sport 75, 413–422. doi: 10.1080/02701367.2004.10609174
31. 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. J. Strength Cond. Res. 16, 250–255.
32. Rhea, MR, Ball, SB, Phillips, WT, and Burkett, LN. A comparison of linear and daily undulating periodization with equated volume and intensity for strength. J Strength Cond Res 16: 250–255, 2002.
33. Rhea, MR, Phillips, WT, Burkett, LN, Stone, WJ, Ball, SD, Alvar, BA, and Thomas, AB. A comparison of linear and daily undulating periodized programs with equated volume and intensity for local muscular endurance. J Strength Cond Res 17: 82–87, 2003.
34. Rhea,MR, Phillips, WT, Burkett, LN, Stone, WJ, Ball, SB, Alvar, BA, and Thomas, AB. A comparison of linear and daily undulating periodized programs with equated volume and intensity for local muscular endurance. J Strength Cond Res 17: 82–87, 2003. 
35. Schoenfeld, B. J., Contreras, B., Ogborn, D., Galpin, A., Krieger, J., and Sonmez, G. T. (2016). Effects of varied versus constant loading zones on muscular adaptations in trained men. Int. J. Sports Med. 37, 442–447. doi: 10.1055/s-0035-1569369
36. Siri, WE. Body composition from fluids spaces and density: analysis of methods. In: Techniques for Measuring Body Composition. Brozek, J and Henschel, A, eds. Washington, DC: National Academy of Sciences National Research Council, 1961.
37. Tabachnick, Barbara G.; FIDELL, Linda S.. Using Multivariate Statistics. 5. ed. California: Pearson College Div, 2007. 980 p.
38. Stone, M. H., O’Bryant, H. S., Schilling, B. K., Johnson, R. L., Pierce, K. C., Haff, G. G., et al. (1999). Periodization: effects of manipulating volume and intensity. Part 1. Strength Cond. J. 21, 56–62.
39. Williams, T. D., Tolusso, D. V., Fedewa, M. V., and Esco, M. R. (2017). Comparison of periodized and non-periodized resistance training on maximal strength: a meta-analysis. Sports Med. 47, 2083–2100. doi: 10.1007/s40279-017-0734-y
image1.png
Yo T i

8 weeks 4 weeks
1 2 3 4 5 6 7 8 1 2 3 4
1and2 [ oam | [ eam | [erm | IENIESIEE 1and2
Days 14RM 14RM Days 14RM

sanda [ 12Am | [10am | [eam | [2am ] [10mm | [[eam ] 3anda [ 12rM | [10rm | [emm

8 weeks 4 weeks
1 2 3 4 5 6 7 8 1 2 3 4
tand2  [a-12m] [6-10aM] [ 4-8Am ] [e-128m] [6-10Am] [4-8am | tand2  [s-12au] [o-10am] [ 4-eam |
Days 14RM 14RM Days 14RM

sanaa  [1287M] [106am] [s-arm | [12-erm] [106mm] [a4rm | 3anas  |12-8°M] [10-68m] [8amm

_mz—





image2.emf



-1.0 -0.5 0.0 0.5 1.0 1.5



Standing Arm Curl



Leg Press



Lat Pull Down



Bench Press



Moderate ModerateSmall LargeLarge



-1.0 -0.5 0.0 0.5 1.0



Standing Arm Curl



Leg Press



Lat Pull Down



Bench Press



Moderate ModerateSmall LargeLarge



-1.0 -0.5 0.0 0.5 1.0 1.5 2.0



Body Fat



Body Fat Mass



Free Fat Mass



Body Mass



Moderate ModerateSmall LargeLarge



A



B



C










-1.0 -0.5 0.0 0.5 1.0 1.5

Standing Arm Curl

Leg Press

Lat Pull Down

Bench Press

Moderate

Moderate

Small

Large

Large

-1.0 -0.5 0.0 0.5 1.0

Standing Arm Curl

Leg Press

Lat Pull Down

Bench Press

Moderate

Moderate

Small

Large

Large

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Body Fat

Body Fat Mass

Free Fat Mass

Body Mass

Moderate Moderate Small Large Large

A

B

C


image3.emf



 



Table 4. Muscular endurance 



Groups                          T1                         T2                        T3              Change T1-T2      Change T1-T3    Change T2-T3      ES T1-T2            ES T1-T3          ES T2-T3 



                                                                                                                          (%)                       (%)                      (%)                  (magnitude)       (magnitude)      (magnitude) 



Bench Press (kg) 



mDUP                 515.7 ± 163.83      558.8 ± 166.98        507.5 ± 106.96        8.4                       -1.6                       -9.2                  0.26 (small)        -0.05 (trivial)     -0.31 (small) 



DUP-F                  453.8 ± 219.60      492.7 ± 198.69       470.5 ± 169.43        8.6                         3.7                       -0.5                  0.18 (trivial)       0.08 (trivial)      -0.11 (trivial)           



Lat Pull Down (kg) 



mDUP                 448.9 ± 134.33       443.1 ± 124.18        438.9 ± 116.84       -1.3                       -2.2                       -1                   -0.04 (trivial)       -0.07 (trivial)     -0.03 (trivial) 



DUP-F                  436.6 ± 169.79       428.9 ± 148.07        427.9 ± 149.58      -1.8                        -2                         -0.2                -0.05 (trivial)       -0.05 (trivial)     -0.01 (trivial)    



45º Leg Press (kg) 



mDUP                 2176.7 ± 1101.7     2696.1 ± 1434.97*   2444.4 ± 1030.76    23.7                    12.3                     -9.3                  0.47 (small)         0.24 (trivial)     -0.18 (trivial) 



DUP-F                 2063.1 ± 805.57      2411.6 ± 899.27*     2389.5 ± 843.38     16.9                     15.8                    -0.9                  0.43 (small)         0.41 (small)      -0.02 (trivial) 



Standing Arm Curl (kg) 



mDUP                270.4 ± 77.74         301.0 ± 85.54            276.5 ± 72.45         11.4                       2.3                     -8.1                 0.40 (small)        0.08 (trivial)       -0.29 (trivial) 



DUP-F                228.5 ± 54.06         243.4 ± 51.68 #             250.0 ± 55.62       6.5                        9.4                       2.7                0.28 (small)        0.40 (small)         0.13 (trivial)     
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