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A CRITICAL ANALYSIS OF THE ACSM POSITION STAND ON RESISTANCE TRAINING: INSUFFICIENT EVIDENCE TO SUPPORT RECOMMENDED TRAINING PROTOCOLS. Ralph N. Carpinelli, Robert M. Otto, Richard A. Winett. JEPonline 2004;7(3):1-60. In February 2002, the American College of Sports Medicine (ACSM) published a Position Stand entitled Progression Models in Resistance Training for Healthy Adults. The ACSM claims that the programmed manipulation of resistance-training protocols such as the training modality, repetition duration, range of repetitions, number of sets, and frequency of training will differentially affect specific physiological adaptations such as muscular strength, hypertrophy, power, and endurance. The ACSM also asserts that for progression in healthy adults, the programs for intermediate, advanced, and elite trainees must be different from those prescribed for novices. An objective evaluation of the resistance-training studies shows that these claims are primarily unsubstantiated. In fact, the preponderance of resistance-training studies suggest that simple, low-volume, time-efficient, resistance training is just as effective for increasing muscular strength, hypertrophy, power, and endurance—regardless of training experience—as are the complex, high-volume, time-consuming protocols that are recommended in the Position Stand. This document examines the basis for many of the claims in the Position Stand and provides an objective review of the resistance training literature. Key Words: Strength, power, hypertrophy, muscular endurance
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INTRODUCTION The American College of Sports Medicine (ACSM) published a Position Stand (1) entitled Progression Models in Resistance Training for Healthy Adults, which attempts to augment the ACSM’s previous Position Stand (2) entitled The Recommended Quantity and Quality of Exercise for Developing and Maintaining Cardiorespiratory and Muscular Fitness, and Flexibility in Healthy Adults. The most recent Position Stand claims that the ACSM’s previous resistance-training recommendation to perform 1 set of 8-12 repetitions 2-3 times/week for all the major muscle groups is effective for only previously untrained (novice) individuals, and that it did not include guidelines for those who wish to improve muscular strength, hypertrophy, power, and endurance beyond the beginning programs (p. 365). The Position Stand states that its purpose is to provide guidelines for progression in intermediate trainees, who are defined in the Position Stand as those with approximately six months of consistent resistance training, for advanced trainees with years of resistance training, and for elite athletes who are highly trained and compete at the highest levels (p. 366). Given the way that the ACSM has defined and categorized their target populations (intermediate, advanced, and elite trainees), the reader should expect that the Position Stand would first cite evidence to support their assumption that the target populations require training programs different from beginning programs, and then
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present supporting evidence (peer-reviewed resistance-training studies) for recommendations that are drawn exclusively from those specific demographics. Neither obligation is fulfilled in the Position Stand, thereby rendering the majority of claims in the Position Stand unsubstantiated. The preponderance of published resistance-training research has used previously untrained subjects. Consequently, most of the studies cited in the Position Stand and in this document involved subjects with little or no resistance training experience (novices). Although the rate of progression tends to be greater in novices than in intermediate and advanced trainees, there is very little evidence to suggest that the resistance-training programs recommended for increasing muscular strength, hypertrophy, power, and endurance in novice trainees need to be different for intermediate and advanced trainees. Because many resistance-training reviews and books may be inundated with misinterpretations of legitimate resistance training studies, and often contain unsubstantiated opinions, the only acceptable sources of supporting evidence are peer-reviewed resistance-training studies (primary sources). Therefore, secondary sources such as reviews and books are not acceptable as evidence, and consequently they are not discussed in this document. Contrary to the ACSM’s claim that Positions Stands are based on solid research and scientific data (3), we specifically demonstrate how the Position Stand based its claims and recommendations on selective reporting or misinterpretation of studies, and that the Position Stand represents merely the unsubstantiated opinions of its authors and the ACSM. The entire burden of proof is on the authors of the Position Stand and the ACSM to support their claims and recommendations with resistance-training studies, and that proof must be based entirely on the evidence that was available prior to and throughout the preparation of their document. Because we do not claim that one resistance-training protocol is superior to another, it is not our responsibility to cite studies. However, in order to reveal the selective reporting of studies in the Position Stand, we cite a number of resistance-training studies that do not support the primary claim or recommendation in the Position Stand. All the studies we cite were in print and available to the authors of the Position Stand prior to its publication. Thus, our objective analysis of the Position Stand also relies exclusively on resistance training studies that were available prior to the publication of the Position Stand. We address all the components of a resistance training program, which include the selection of a training modality (free weights and machines), repetition duration (speed of movement), range of repetitions, number of sets, rest between sets and exercises, types of muscle actions, and frequency of training. Because the ACSM and the authors of the Position Stand apparently believe that muscular endurance, power, and hypertrophy are differentially affected by various training protocols and that specific adaptations are affected by so-called periodization, they created separate categories for these topics. Therefore, we also address each of these issues separately. Our document concludes with remarkably simple recommendations for resistance training, which are based on the preponderance of scientific evidence. FREE WEIGHTS AND MACHINES The Position Stand claims that multiple-joint exercises such as the bench press and squat are generally regarded as most effective for increasing overall muscular strength because they enable a greater magnitude of weight to be lifted (p. 368). Only a review by Stone et al. (4) is cited in an attempt to support that claim.
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The Position Stand claims that resistance exercise machines are safer to use, easier to learn, allow the performance of some exercises that may be difficult with free weights, help stabilize the body, and focus on the activation of specific muscles (p. 368). The only reference cited is an article by Foran (5), which is a brief opinion about machines that states nothing related to—and therefore does not support—the opinions expressed in the Position Stand. The Position Stand claims that resistance training with free weights results in a pattern of intra- and intermuscular coordination that mimics the movement requirements of a specific task and that emphasis should be placed on free-weight exercises for advanced resistance training, with machine exercises used to complement the program (p. 368). There is no reference cited to support either opinion. Only a few studies (6-8) have compared the effects of free weights and machines on muscular strength. Boyer (6) randomly assigned 60 previously untrained females (19-37 years) to one of three resistance-training programs. All subjects performed 3 x 10 RM (i.e., 3 sets of 10 repetitions where RM denotes a maximal effort on the last repetition of a set) wk 1-3, 3 x 6 RM wk 4-6, and 3 x 8 RM wk 7-12 on two lower-body and five upper-body exercises 3x/wk for 12 weeks. They exercised similar muscle groups using free weights, Nautilus® machines, or Soloflex® machines, which utilize rubber weight straps for resistance. There was a significant preto post-training decrease in thigh (16.6, 14.5 and 14.5 %), arm (15.8, 8.9 and 17.1 %) and iliac (4.2, 7.3 and 9.6 %) skin-folds, and percent body fat (9.6, 6.2 and 9.6 %) for the free-weight, Nautilus® and Soloflex® groups, respectively, with no significant difference between the groups for any anthropometric variable. The freeweight group showed significantly greater gains than the Nautilus® group when tested on the equipment used for training: 1 RM bench press (24.5 and 15.3 %), behind-the-neck press (22.3 and 10.9 %), and leg sled (15.5 and 11.2 %), for free-weight and Nautilus® groups, respectively. The Nautilus® group showed significantly greater gains than the free-weight group when tested on the Nautilus® machines: bench press (23.3 and 47.2 %), lateral raise (19.4 and 46.8 %), and leg press (17.1 and 28.2 %), for the free-weight and Nautilus® groups, respectively. Overall, the average strength gain in the free-weight group was 20.4 % (Nautilus and free-weight equipment combined), while the Nautilus® group increased 26.6 % (Nautilus and free-weight equipment combined). Interestingly, the Soloflex® group significantly increased strength by 29.5 % when tested on the Soloflex® machine and 15.1 % when tested on the other modalities. Boyer (6) concluded that although the strength gains were significantly greater when each group was tested on their training modality, the programs produced comparable changes in muscular strength and body composition. Sanders (7) randomly assigned 22 college students to a free-weight (bench press and behind-the-neck seated press) or Nautilus® (chest press and shoulder press machines) training group. All subjects performed 3 x 6 RM 3x/wk for five weeks. They were tested pre- and post-training for 3-minute bouts of rhythmic isometric exercise (maximal muscle actions every other second) for the elbow extensors at 90o and shoulder flexors at 135o. Initial and final strength levels were measured by using the average of three successive muscle actions at each 15-second time interval. A strength decrement during each test was obtained by subtracting the final strength from the initial strength. Results revealed that elbow extensor strength significantly increased in the free-weight (~22 %) and Nautilus® groups (~24 %). Shoulder flexor strength significantly increased following free weight training (~12 %) and Nautilus® training (~13 %). There was no significant difference between the free weight and Nautilus® groups for initial strength, final strength, or strength decrement. Sanders (7) concluded that free weights and Nautilus® machines were equally effective for developing muscular strength and endurance. Silvester et al. (8) reported the results of two experiments comparing free weights and machines. In experiment #1, 60 previously untrained college-age males were randomly assigned to one of three groups who performed 1 x 4-16 RM for the lower-body exercises using a Nautilus® machine, Universal® machine (2 x 7-15), or freeweight squats (3 x 6). The intensity for the Universal® and free-weight groups was not specified. The
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Nautilus® and free-weight groups completed each repetition in three seconds, while the Universal® group did not exceed two seconds for each repetition. The Universal® and free-weight groups trained 3x/wk for 11 weeks, while the Nautilus® group trained 3x/wk for the first six weeks and 2x/wk for the last five weeks. There was a significant increase in vertical jump height (0.2, 1.0, and 1.3 %, for Nautilus®, Universal®, and free-weight groups, respectively). Silvester et al. (8) noted that it appeared that the Universal® and free-weight groups improved to a greater extent than the Nautilus® group, with no significant difference between the Universal® and free-weight groups. However, later in their Discussion they state that the increases in vertical jump were equal (p. 32). There was a significant increase in lower-body strength (8.6, 9.7, and 12.5 %, for Nautilus®, Universal®, and free-weight groups, respectively), with no significant difference among the groups. Different numbers of sets and repetitions, intensity, repetition duration, frequency of training, and types of equipment did not result in significantly different gains in strength. In experiment #2, Silvester et al. (8) randomly assigned 48 previously untrained college-age males to one of four groups who performed barbell curls for either one set or three sets of six repetitions with 80 % 1 RM, or one set or three sets of 10-12 RM Nautilus® machine curls 3x/wk for eight weeks. The four groups significantly increased elbow-flexion strength at four angles (70, 90, 135, and 180°) after training with one set of barbell curls (23 %), three sets of barbell curls (30 %), one set of Nautilus® machine curls (25 %) or three sets of machine curls (19 %). There was no significant difference in strength gains among the groups at any angle. Silvester et al. (8) concluded that one set is just as effective as three sets, and that it does not appear to matter which modality of resistance training (free weights or machines) is chosen. In summary, there is no scientific evidence cited in the Position Stand to support the superiority of free weights or machines for developing muscular strength, hypertrophy, power, or endurance (Table 1). Either training modality or a combination of modalities appears to be effective. Table 1 provides a summary of the studies in this section and their relative support, or lack of support, for the Position Stand. The order of presentation in Table 1 and the level of support for each study follow the descriptions in the narrative. Summary tables using the same format are provided in subsequent sections.



Table 1. Summary of Research Comparing Free Weights and Machines. Reference Rating Boyer (6) ∗ Sanders (7) ∗ Silvester et al. (8) ↓ ↑ Studies cited in the Position Stand that actually support the primary claim or recommendation. ? Studies cited in the Position Stand that support the primary claim or recommendation but contain serious flaws in the methodology or data. ↓ Studies cited in the Position Stand that fail to support the primary claim or recommendation. ∗ Studies not cited in the Position Stand that repudiate the primary claim or recommendation.



REPETITION DURATION The Position Stand often incorrectly refers to the duration of a repetition or muscle action as velocity of muscle action (p. 368). For example, a 1 s concentric muscle action coupled with a 1 s eccentric muscle action is actually a description of a shorter duration repetition, while a 10-second concentric muscle action and 4 s eccentric muscle action is a longer duration repetition. Seconds do not describe the velocity of muscle action. Speed of movement may be expressed in °/s or radians/s for rotational motion, and cm/s for linear movement. The Position Stand claims that muscle actions that are less than 1 to 2 s duration have been shown to be more effective than longer durations for increasing the rate of strength gain (p. 369), and they cite a study by Hay et al. (9). Hay et al. (9) compared the resultant joint torque in three resistance-trained males (~33 years). The subjects used different loads and rates of lifting while performing seated curls with a barbell as well as with a curling device on a machine. Hay et al. (9) noted that when the duration of the lift was less than two seconds, very little torque was required to maintain momentum during the latter half of the lift. That is, faster lifting
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made the exercise easier (less intense). Antithetically, and without any rationale, Hay et al. (9) expressed their opinion that for a given load, a faster rate of lifting (shorter duration) is likely to yield a slightly better rate of strength development than slower rates of lifting (longer duration). However, because this was not a training study, there is no evidence to support the opinion of Hay et al. (9) or the claim in the Position Stand. In support of shorter repetition durations, the Position Stand cites a study by Keeler et al. (10) who randomly assigned 14 previously untrained females (~33 years) to either a traditional (2 s concentric/4 s eccentric) or super-slow (10 s concentric/5 s eccentric) resistance-training protocol. A stopwatch was used to monitor repetition duration. All subjects performed 1 set of 8-12 repetitions to muscular fatigue for each of eight exercises 3x/wk for 10 weeks. The traditional group initiated the program with 80 % 1 RM, while the superslow group used 50 % 1 RM. Both groups significantly increased 1 RM for all eight exercises, with the traditional group showing significantly greater gains in five out of the eight individual exercises and a significantly greater overall increase in strength (39 %) compared with the super-slow group (15 %). There was no significant change in body mass, percent fat, lean body mass or body-mass index in either group. The results reported by Keeler et al. (10) suggest that the 2 s/4 s repetition duration produced significantly greater gains in some strength measures compared with a 10 s/5 s protocol. However, the small strength gains for the super-slow group (e.g., ~7 % leg press and ~11 % bench press) in previously untrained females after 10 weeks of resistance training suggest that the protocol selected for the super-slow group (8-12 repetitions with 50 % 1RM) was remarkably ineffective. Westcott et al. (11) reported the results of two studies that were conducted in a recreational training center. Although the 147 previously untrained males and females (25-82 years) were not randomly assigned, they chose a specific time to train based on their schedule without knowing whether the traditional (shorter repetition duration) or super-slow protocol (longer repetition duration) was assigned to a specific group. The traditional group performed 8-12 repetitions using a 2 s concentric, 1 s isometric, and 4 s eccentric duration, while the super-slow group performed 4-6 repetitions with 10 s concentric and 4 s eccentric muscle actions. Intensity was not described for either group. Strength was assessed using a 5 RM in the super-slow group and 10 RM in the traditional group. Westcott et al. (11) claimed that the time under load (~70 s) was similar for both groups during testing and training. Both groups performed one set for each of 13 exercises 2-3x/wk for 8-10 weeks. In the first study, the super-slow group showed significantly greater strength gains (59.1 %) for the 13 exercises compared with the traditional group (39.0 %). In the second study (only the results of the chest-press exercise were reported), the super-slow group also showed a significantly greater strength gain (43.6 %) compared with the traditional group (26.8 %). Westcott et al. (11) did not use a metronome or any other timing device to measure repetition duration (the independent variable) during either the testing or the training in either study. Therefore, because there was no control for the independent variable, any conclusion from this study (11) relative to repetition duration should, at best, be regarded as questionable. In summary, neither of these studies by Keeler et al. (10) or Westcott et al. (11) provides sufficient evidence to support the advantage of one repetition duration over another. The Position Stand claims that compared with longer repetition durations, moderate (1-2 s concentric/1-2 s eccentric) and shorter ( 
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