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ABSTRACT
Carpinelli RN.A Critical Analysis of a Review on Strength Training in
the Military. JEPonline 2013;16(2):70-81. This critical analysis challenges the validity of evidence cited in a review entitled Strength
Training for the Warfighter. Most of the claims and recommendations
in that review, especially regarding the size principle of motor unit recruitment, are not supported by resistance training studies. Rather
than providing evidence based recommendations for strength training,
that review is based primarily on unsubstantiated opinions.
Key Words: Resistance Training, Size Principle, Motor Units

TABLE OF CONTENTS
ABSTRACT---------------------------------------------------------------- 70
1. INTRODUCTION----------------------------------------------------- 71
1.1 THE SIZE PRINCIPLE------------------------------------- 71
1.2 MOTOR UNIT ACTIVATION----------------------------- 71
1.3 INVALID REVERSE INFERENCE---------------------- 71
1.4 CRITICAL ANALYSIS-------------------------------------- 71
2. KRAEMER AND SZIVAK------------------------------------------- 71
2.1 HEAVY VS. MODERATE RESISTANCE------------- 72
2.2 COMPATIBILITY-------------------------------------------- 73
2.3 OTHER UNSUBSTANTIATED CLAIMS-------------- 75
2.4 FREE WEIGHTS-------------------------------------------- 75
2.5 ORDER OF EXERCISE----------------------------------- 75
2.6 INTER-SET REST INTERVALS------------------------- 75
3. CONCLUSIONS------------------------------------------------------- 76
4. REFERENCES--------------------------------------------------------- 76

71

INTRODUCTION
The Size Principle
Discovered by Denny-Brown and Pennybacker (20) in 1938, tested and defined by Henneman (32) in
1957, the size principle states that when the central nervous system recruits motor units for a specific
exercise, it begins with the smallest, most easily excitable motor units. As the exercise becomes more
difficult (a greater degree of effort), the recruitment progresses to the larger, more difficult to excite
motor units (33). The size principle has been strongly supported over the last half-century by a preponderance of studies (2-4,13-14,17-19,22-28,30-31,34-38,40-41,48,55-58,62,65-66,69,70,72) and
most of the evidence strongly suggests that there are no functionally meaningful violations of the size
principle (16).
Motor Unit Activation
The interpolated twitch technique estimates the degree of motor unit activation (recruitment and firing
frequency) during a voluntary muscular effort. Studies with younger and older, male and female,
healthy and infirmed subjects, who performed a maximal effort muscle action for various muscle
groups, reported activation levels ranging from 85% to 100% (15,21,39,42,44-47,49,63-64,68,71,73).
This was the case despite significantly different levels of external force production within and among
the specific demographics. These studies strongly suggest that motor unit activation is primarily dependent on the degree of effort and not the absolute amount of resistance when performing an exercise. However, the degree of effort and motor unit activation required for optimal strength gains is unknown.
Invalid Reverse Inference
Greater motor unit recruitment results in the ability to lift a heavier resistance and maximal force production requires maximal motor unit activation. However, force is not the prerequisite for recruitment.
A greater force is the result of greater motor unit activation. The flawed belief that a heavy resistance
(high force) is required for maximal motor unit activation was most accurately described as an invalid
reverse inference of the size principle (7).
Critical Analysis
This critical analysis is specifically focused on a review entitled Strength Training for the Warfighter by
Kraemer and Szivak (53). Science places the entire burden of proof on the claimant (Kraemer and
Szivak) and all claims should be supported by strength training studies. However, the majority of the
claims and recommendations proposed by Kraemer and Szivak are unsubstantiated. They have consistently misinterpreted the size principle of motor unit recruitment throughout their review, which has
resulted in the recommendations for unnecessarily heavy, complex, high volume strength training in
the military.
KRAEMER AND SZIVAK
In their review, Kraemer and Szivak emphasized that it is important to understand exercise at its most
fundamental level and most importantly the concept of the size principle (53). They stated: “This is
paramount for understanding maximal strength and power development because too often exercise is
not defined in careful enough terms to be effective for the intended outcome. Thus, it is important to
develop a basic understanding of the underlying physiology at work when one exercises or trains the
neuromuscular system” (p. S108). However, in their next paragraph, Kraemer and Szivak exclaimed:
“With resistance training, it is the amount of resistance used in an exercise that dictates how many
motor units in that muscle are needed to move the weight in the desired pattern of a lift. In practical
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terms, the importance of this principle is stunning and often times not appreciated!” (p. S109). The
authors may have believed that an exclamation point would provide validity to their claim but the
aforementioned clarification of the size principle reveals that it did not help to substantiate their point
of view. Kraemer and Szivak also stated the following: “The amount of muscle that is trained by an
exercise is directly related to the amount of external resistance that is used” (p. S109). They did not
cite references to support their statements.
Heavy vs. Moderate Resistance
Kraemer and Szivak (53) claimed: “Resistance loads exist over a continuum and finite cutoffs are really related to the broad spectrum of effects documented in various zones” (p. S115-6). They did not
cite references to support their opinion. Interestingly, three decades ago Kraemer (50) claimed:
“Changing the repetition maximum from a 10 RM to a 5 RM makes a dramatic difference in the
strength training outcome” (p. 58). Again, he did not cite references to support his opinion, which has
been refuted by the preponderance of evidence. For example, Jungblut (43) reported that 82 out of
the 90 comparative strength training studies she reviewed showed no significant difference in
strength gains as a result of training with a heavier resistance compared with a moderate resistance.
Since the review by Jungblut (43) and based on the size principle article by Carpinelli (7), Aarskog
and colleagues randomly assigned 62 physically active young males and females (age ~24 yrs) to
either a 6-8 RM or 12-14 RM resistance training protocol (1). Both groups performed three sets of the
free weight bench press and Smith machine squat two times a week for eight weeks. They performed
each set to volitional exhaustion with 2-3 min rest between sets. There was a significant increase in 1
RM bench press and squat with no significant difference in strength gains between groups. Aarskog
and colleagues concluded: “Because both groups in the present study performed each set to volitional exhaustion, the high degree of effort may explain why there was a similar strength gain for 6 RM
and 12 RM protocols. And as such, the findings from our experiment support Carpinelli’s view” (p.
184). Their results are antithetical to the aforementioned opinion of Kraemer and Szivak (53). Curiously, the study by Aarskog and colleagues, which was available in December 2011, is missing from
the review by Kraemer and Szivak.
Kraemer and Szivak (53) stated: “Classic to the concept of resistance training is the amount of external load to be lifted” (p. S111). In an attempt to support that opinion, they cited books by Fleck and
Kraemer (29) and Ratamess (61). They did not cite any resistance training studies. Fleck and Kraemer mistakenly believed that a maximal or near maximal resistance is required to recruit the larger motor units. In fact, motor unit activation during a set of resistance exercise is dependant primarily of effort—not the amount of resistance (7). Interestingly, Ratamess (61) created Myths and Misconceptions boxes in his book, which supposedly debunk myths and clarify widespread misconceptions
about strength and conditioning. In one of those boxes (p. 47), he claimed that heavy resistance training is required for maximal recruitment of type II motor units. However, he failed to cite any reference
to support his own misconception of the size principle.
Kraemer and Szivak (53) noted that their Figure 1 (p. S110) provided an overview of the relationship
between the size principle and resistance training. The figure depicts a type I motor unit with a 10 RM
label. It is enclosed in an area labeled Power and Endurance. A type II motor unit has a 5 RM label
that is enclosed in an area entitled Maximal Strength. Their implication was that training with a 10 RM
would specifically enhance power and endurance and that training with a 5 RM is required for maximal strength gains. They did not cite references to support those claims and revealed again their misinterpretation of the size principle. That is, they failed to develop a basic understanding of the underlying physiology. In fact, a 5 RM and 10 RM, which by definition (RM = repetition maximum) requires a
maximal effort on the last repetition of both protocols, would elicit a similar level of motor unit activa-
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tion on the last repetition of each set (7) and the preponderance of strength training studies (82 out of
90) reported no significant difference in strength gains as a result of training with a moderate versus a
heavier resistance (43).
The caption for Kraemer and Szivak’s Figure 1 (53) noted that a dashed circle represents an area encompassing motor units that are affected if high intensity aerobic and strength exercises are employed (so-called compatibility). However, there is no dashed circle.
Kraemer and Szivak (53) claimed that a heavier resistance is associated with greater strength gains.
The only reference they cited was a meta-analysis by Peterson et al. (60) who reported on strength
gains in competitive athletes. There are several major problems with the meta-analysis that have
been described in great detail elsewhere (59). Briefly, Peterson and colleagues claimed that there
was a trend for greater strength gains as a result of training with a greater percent of the 1 RM. In
fact, their reported effect sizes for training with 70, 75, 80, and 85% 1 RM were 0.07, 0.73, 0.57, and
1.12, respectively. Their implications were that training with 85% 1 RM would produce twice the
strength gains as training with 80% 1 RM and that 75% 1 RM would elicit ~28% greater strength
gains than training with 80%1 RM. Perhaps, the authors’ most unsubstantiated claim was that training
with 75% 1 RM would produce ~10 times greater strength gains compared with 70% 1 RM; that is, a
5% greater resistance performed for one or two fewer repetitions with a similar maximal effort would
elicit such phenomenal 10 times greater differences in strength gains.
The Peterson et al. (60) data represent an excellent example of the potential for disconnect between
a meta-analysis and the reality of strength training. Although Peterson and colleagues claimed that
their meta-analysis unequivocally demonstrated a continuum of strength gains that were elicited by a
continuum of increased training resistance (i.e., a greater percent of the 1 RM), their own data failed
to support those conclusions (59).
Kraemer and Szivak (53) stated: “It [the size principle] is the fundamental principle in understanding
the seminal basis of exercise and even more important in understanding resistance exercise and
training” (p. S108-9). But, unfortunately, their misunderstanding of the size principle resulted in their
incorrect opinions and strength training recommendations.
Compatibility
In their writing about the previously mentioned compatibility, Kraemer and Szivak (53) claimed that
when strength and endurance training are performed concurrently “…strength might be reduced in
magnitude” (p. S113). They cited only one resistance training study by Kraemer and colleagues (52)
to support the claim. It is worth briefly discussing some of the problems in that study.
Ø One of the groups of young males (age ~23 yrs) performed upper and lower body strength training
(ST group) for 12 wks. Another group performed the same strength training protocol combined
with running (COM group). Both of these previously untrained groups significantly increased
strength in the four exercises tested (leg press, knee extension, bench press, and military press).
The ST group showed a significantly greater strength gain than the COM group in only one of the
four exercises—the leg press.
Ø The trainees were subjected to an unnecessarily voluminous amount of exercise. For example,
they performed 160 maximal effort sets (RMs) 4 d·wk-1 and on the same days as their interval
running workouts (200 to 800 m intervals at 95 to 100+% of maximal oxygen consumption).
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Ø They trained most of the major muscle groups on Monday, Tuesday, Thursday, and Friday. Most
exercises such as the bench press, military press, lat pull down, arm curl, sit up, knee extension,
and calf raise were performed during each of the four weekly sessions.
Ø In an attempt to justify different numbers of sets and repetitions for different muscle groups such
as 2 sets of 10 RM for the upright row compared with 5 sets of 5 RM for the bench press—
supposedly to produce muscular hypertrophy and strength gains, respectively—they cited the
book by Fleck and Kraemer (29) and only one study (51). However, there was only one protocol (3
sets of 10 RM with 10-sec inter-set rest intervals for 10 exercises) in that acute response study by
Kraemer and colleagues (51), which was based on what the authors described as very short interset rest intervals commonly used by competitive bodybuilders. They failed to provide additional
evidence to support their opinion regarding the number of sets or using a specific RM.
Ø Tuesday and Friday strength training required almost 3 hr·d-1 in the gym (estimated using their reported inter-set and inter-exercise rest intervals). Despite their statement that the cumulative
stress of mission demands and extensive physical training can contribute to injury and overtraining of military personnel, Kraemer and Szivak (53) recommended 4 to 5 min inter-set rest intervals
on heavy training days (Table 1, p. S112) and 6 sets of each exercise (Table 3, p. S114). If the
trainees performed the 10 exercises that were used in the previously discussed study by Kraemer
and colleagues (52), the amount of time required in the gym on that day would be approximately
5½ hrs. This would be an extremely challenging task for even well-trained highly-motivated military personnel.
Kraemer and Szivak (53) did not cite any other compatibility training studies. For example, Shaw and
colleagues (67) noted that the previously discussed study by Kraemer and colleagues (52) used a
high frequency of training that repeatedly stressed the same muscle groups. Shaw and colleagues
recruited 38 healthy males (age ~25 yrs) who had not participated in a regular strength training program for at least 6 months prior to the study. They randomly assigned one of the training groups (ST
group) to perform 3 sets of 15 repetitions with 60% 1 RM for 8 upper and lower body free weight and
machine exercises 3 times·wk-1 for 16 wks. A combined training group (COM group) followed a similar strength training protocol but performed two sets of each exercise plus 22 min of aerobic endurance exercise (treadmill, cycling, etc.) at 60% of age predicted maximum heart rate. Both groups significantly increased strength on all 8 exercises, and there was no significant difference in strength
gains between groups for any exercise.
Interestingly, the subjects (all males) in the studies by Kraemer and colleagues (52) and Shaw and
colleagues (67) were of similar age, training status and starting strength in the leg press exercise (80
to 85 kg), which was the only exercise that Kraemer and colleagues reported a significantly greater
strength gain in the ST group compared with the COM group. The percent increase in leg press
strength reported by Shaw and colleagues was about twice as great for the ST and COM groups
compared with the strength gains from Kraemer and colleagues, and Shaw and colleagues reported
no significant difference in strength gains between the ST and COM groups. In fact, with a considerably lower volume of training, the strength gains reported by Shaw and colleagues in the 4 exercises
(leg press, knee extension, bench press, and military press) ranged from ~1.6 to 7 times greater than
those exercises in the study by Kraemer and colleagues. Shaw and colleagues noted that their results agreed with some previous studies but were in contrast to others. Kraemer and Szivak (53)
failed to cite other references and, in particular, the study by Shaw and colleagues whose results conflicted with the only study they cited (52). They could have cited studies that agreed with their opinion,
studies that conflicted with their opinion, and then let the readers decide if their opinion was valid.
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Kraemer and Szivak (53) stated: “Preliminary research points to the concept that those motor units
that are stimulated by resistance exercise have their anabolic signaling blunted in some manner when
immediately or shortly thereafter followed by aerobic exercise” (p. S113). However, they failed to cite
any references to support that opinion.
Other Unsubstantiated Claims
In addition to the misinterpretation of the size principle by Kraemer and Szivak (53), the following are
a few examples of their authoritative sounding but unsubstantiated claims regarding other strength
training variables. Clearly, the entire burden of proof was on Kraemer and Szivak.
Free Weights
Kraemer and Szivak (53) claimed that strength training with free weights (barbells, dumbbells, etc.)
will influence multidirectional control of the resistance, which will help to develop balance under load
and stability with movement. The authors did not cite any references to support their opinion that free
weights are superior to strength training machines or that any acquired balance and stability from free
weight training would carry over to any other activity.
Order of Exercise
Kraemer and Szivak (53) claimed that the order of performing strength exercises in a training session
dictates the quality of motor unit recruitment, and that the order of exercise should be dictated by the
specific goals (e.g., maximal strength, maximal power, or muscular endurance). They failed to cite
references to support their claim.
Inter-Set Rest Intervals
Kraemer and Szivak (53) claimed that heavier resistance requires longer inter-set rest intervals to optimally recruit motor units, and that if strength gains are the primary goal, then longer rest intervals
are required. They recommended different inter-set rest intervals for various amounts of resistance
(e.g., light, moderate, heavy, etc.) in their Table 1 (p. S112). However, they did not cite any references to support their opinions or recommendations. There is very little evidence to suggest that various inter-set rest intervals will have any significant effect on strength gains (9).
The caption for Kraemer and Szivak’s Figure 3 (53) states: “Responses of catecholamines after a
short rest, high-intensity exercise workout performed by trained bodybuilders and powerlifters as control subjects could not make it through the workout” (p. S112). They cited a study by Kraemer and colleagues (52), which contained nothing related to bodybuilders or powerlifters. In fact, the data in their
Figure 3 are from the previously mentioned study by Kraemer and colleagues (51). They recruited 9
competitive male bodybuilders and 8 power-lifters (age ~22 yrs) who performed three sets of 10 RM
for each of the 10 free-weight and machine exercises with 10 sec rest between sets and alternating
30 and 60 sec rest between exercises. Although the powerlifters reported a significantly greater incidence of dizziness and nausea compared with the bodybuilders, there was no significant difference
between groups in the total amount of work performed during the session. Heart rate, plasma volume,
lactic acid, epinephrine, norepinephrine, dopamine, and rating of perceived exertion significantly increased from pre-exercise to post-exercise in both groups. There was no significant difference between the groups for any of these variables. Even if Kraemer and Szivak had cited the correct reference (51), their claim that the powerlifters could not make it through the session is incorrect.
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CONCLUSIONS
The review by Kraemer and Szivak was one of 13 articles related to the military published in a special
supplement to the Journal of Strength and Conditioning Research (53). The articles were submitted
by scientists from the 2nd International Congress of Soldiers’ Physical Performance. As guest editors,
Kyrolainen and Nindl (54) claimed that all the articles were carefully evaluated in their peer review
process before acceptance. However, the majority of the claims and recommendations by Kraemer
and Szivak (53) are not supported by strength training studies. In fact, their review is an accumulation
of unsubstantiated opinions and, therefore, challenges the editors’ claim that the manuscripts were
carefully evaluated.
There is very little evidence to suggest that the very heavy, time consuming, complex protocols, and
voluminous amount of strength training recommended by Kraemer and Szivak (53) are any more effective than simple, moderate resistance, low volume guidelines such as those recommended for any
healthy demographic—civilian or military personnel (12).
Ø Select one or two free weight or machine exercises for each muscle group that provide an overload throughout a pain free range of motion.
Ø Use a repetition duration that is conducive to maintaining consistent good form throughout each
repetition (e.g., 3 sec lifting, 3 sec lowering the resistance).
Ø Choose a range of repetitions between 3 and 20 (e.g., 3 to 5, 6 to 8, 9 to 12, etc), which may vary
from exercise to exercise or session to session.
Ø Continue each exercise until it becomes difficult to maintain proper form during the concentric
phase of a repetition. The level of effort required for optimal strength gains is unknown.
Ø Perform one set of each exercise. There is very little evidence to suggest that multiple sets of
each exercise are superior to a single set for strength gains (5-6,8,10-12,59).
Ø Allow enough rest between exercises to execute proper form.
Ø Depending on individual recuperation and response, train each muscle group 1 to 3 times·wk-1.
Combat military personnel deserve recommendations for training that are based on the preponderance of strength training studies. Kraemer and Szivak (53) failed to meet the burden of proof and provide substantial evidence to support their opinions and recommendations.
Address for correspondence: Ralph N. Carpinelli, EdD, PO Box 241, Miller Place, NY 11764
Email: ralphcarpinelli@optonline.net.
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