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ABSTRACT

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(1): 11–19, 2009—The purpose of this

study was to examine the efficacy of periodization and to

compare different periodization models in resistance trained

American football players. Fifty-one experienced resistance

trained American football players of an NCAA Division III

football team (after 10 weeks of active rest) were randomly

assigned to 1 of 3 groups that differed only in the manipulation

of the intensity and volume of training during a 15-week off-

season resistance training program. Group 1 participated in

a nonperiodized (NP) training program, group 2 participated in

a traditional periodized linear (PL) training program, and group 3

participated in a planned nonlinear periodized (PNL) training

program. Strength and power testing occurred before training

(PRE), after 7 weeks of training (MID), and at the end of the

training program (POST). Significant increases in maximal (1-

repetition maximum [1RM]) squat, 1RM bench press, and

vertical jump were observed from PRE to MID for all groups;

these increases were still significantly greater at POST;

however, no MID to POST changes were seen. Significant

PRE to POST improvements in the medicine ball throw (MBT)

were seen for PL group only. The results do not provide a clear

indication as to the most effective training program for strength

and power enhancements in already trained football players.

Interestingly, recovery of training-related performances was

achieved after only 7 weeks of training, yet further gains were

not observed. These data indicate that longer periods of training

may be needed after a long-term active recovery period and that

active recovery may need to be dramatically shortened to better

optimize strength and power in previously trained football

players.

KEY WORDS American football, athletes, power, strength

training

INTRODUCTION

D
uring the past 50 years, a number of studies have
examined the influence that differences in in-
tensity and volume of training have on strength
improvements. Early studies suggested that an

optimal training load (i.e., intensity of training) should be used
to maximize strength gains (4,23). Subsequent studies have
indicated that when training intensity and volume are
manipulated within a training cycle, strength performance
can be enhanced to a significantly greater extent than when
these training variables are maintained consistent during the
training period (10,16,18,20,28–30,33). The steplike alter-
ation of training intensity increases and volume decreases is
commonly referred to as the traditional model of periodi-
zation (2,11,25,26). It is also referred to as linear periodiza-
tion, in which each phase of the training program emphasizes
a specific training goal (i.e., hypertrophy, strength, or power).
However, for some training programs, the goal may be to
simultaneously emphasize both power and hypertrophy
development. As a result, alterations in daily program
emphasis would provide the ability for athletes to train for
both at the same time. This periodized training model is often
referred to as nonlinear or an undulating training model
(7,16).
Studies examining nonlinear periodized training programs

have demonstrated that daily program manipulation is more
beneficial in eliciting strength gains than nonperiodized
training (16,18,20,26). However, comparisons between
traditional linear and nonlinear periodization models are
quite limited. Rhea and colleagues (26) have reported that
a nonlinear periodized resistance training program was more
effective in stimulating strength gains than linear periodiza-
tion after 12 weeks of training. In contrast, Baker et al. (2)
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were unable to see any significant differences in strength
gains between these 2 periodization models after 9 weeks of
training. In support of these results, a recent study by Buford
and colleagues (5) has compared 3 different periodization
models (linear and 2 types of nonlinear programs) and does
not report any significant differences in strength performance
between the groups. Interestingly, the subjects in these
studies were all novice or recreational lifters. The majority of
research examining the efficacy of periodized resistance
training programs has not been conducted on competitive
athletes or, more specifically, strength/power athletes such
as American football players. In the few studies examining
competitive athletes, significant benefits of a nonlinear
training model compared with no periodization have been
reported in college tennis players (18) and football players
(16). However, neither of these studies compared different
periodization models. In addition, there does not seem to be
any research examining the efficacy of the traditional linear
periodization model vs. nonlinear or no periodization in
football players. Despite limited evidence supporting the use
of a periodization model for training strength/power
athletes, it seems that such training has garnered widespread
acceptance, as suggested by several recent reviews and
discussions (1,19,24,31). This is surprising, considering that
the call for more research on the effectiveness of periodi-
zation was published nearly a decade ago (7). In addition,
a common characteristic of conditioning programs in
Division III collegiate athletes is a relatively long active rest
period between the conclusion of the season and the onset of
the off-season training program. Few data are available
comparing training programs after this longer period of
activity in a previously trained group of strength/power
athletes. Within this context, the purpose of this study was to
examine the training adaptations that can be achieved under
these circumstances in American football players using
periodized and nonperiodized approaches to program design
in athletes returning to high-intensity training.

METHODS

Experimental Approach to the Problem

The subjects were randomly divided into 3 experimental
groups. All subjects were experienced resistance trained
athletes participating in a 15-week off-season conditioning
program. The first group trained using a nonperiodized
training routine (e.g., no manipulation performed of training
intensity during the 15-week period), group 2 participated in
a linear periodized training program in which changes in
exercise intensity occurred every fewweeks in a linearmanner
with the resistance increasing and the volume decreasing, and
group 3 performed a planned nonlinear periodized training
program in which planned changes in exercise intensity
differed fromworkout to workout. All subjects were tested for
strength (1-repetition maximum [1RM] lifts in the bench
press and squat exercises), lower-body power (vertical jump

test), and upper-body power (medicine ball throw [MBT]) at
the beginning of the training program, after 7 weeks of
training, and at the end of the 15-week training program.

Subjects

Fifty-one experienced resistance trained American football
players of an NCAADivision III football teamwere randomly
assigned to 1 of 3 groups that differed only in the
manipulation of the intensity and volume of training during
a 15-week spring semester off-season resistance training
program. Group 1 (mean6 SD: age: 19.96 1.3 years; height:
180.9 6 5.2 cm, body mass: 99.5 6 18.3 kg) participated in
a nonperiodized (NP) training program, group 2 (mean 6

SD: age: 19.56 1.1 years; height: 182.06 7.1 cm, body mass:
96.5 6 16.5 kg) participated in a linear periodized (PL)
training program, and group 3 (mean 6 SD: age: 19.6 6

0.9 years; height: 180.9 6 4.9 cm, body mass: 105.1 6 21.9
kg) were assigned to a planned nonlinear periodized (PNL)
training program. The subjects gave their informed consent
as part of their sport requirements, in accordance with the
institution’s policies of institutional review board for use of
human subjects in research.

Resistance Training Programs

The off-season resistance training program for each group can
be seen in Table 1. The exercises selected for the resistance
training program were the same for all 3 groups. They
differed only in the intensity (repetition maximum [RM])
used per workout. Any exercise that was added and/or
removed during a new phase of training was done so for all 3
groups, regardless of the training program. Subjects were
provided an RM zone to perform at a recommended
intensity of their 1RM for each exercise. For instance, if
a subject was required to perform 6–8RM for the bench press
exercise, he needed to select a resistance that he could
perform for at least 6 repetitions but not for more than 8. The
intensity recommended for each workout was equivalent to
the range of repetitions required (11). Subjects were also
instructed to increase the resistance if they performed the
maximum number of repetitions required for 2 consecutive
exercise sessions. Subjects recorded all workouts in a logbook.
The logbook was collected by one of the investigators after
each workout, and feedback was provided with regard to
changes in exercise loading. All exercise sessions were
supervised by members of the investigative team who were
certified strength and conditioning specialists.
All 3 training programs followed a 4-day split routine, in

which days 1 and 3 focused on exercises training the chest,
shoulders, and triceps, and days 2 and 4 focused on exercises
training the legs, back, and biceps. The eighthweek of training
coincided with the school’s spring break, and study inves-
tigators instructed all subjects to use this as an active rest
period and to not participate in any resistance-type exercise.
The NP group used the same exercise intensity throughout
the 15-week training program. No manipulation of training
intensity was performed, and training volume differed only
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with the addition or subtraction of exercises that occurred
during specific points of the training cycle (in conjunction
with any change of exercise for the other training programs).
The intensity used throughout the training program for NP
was equivalent to that seen during the strength phase of PL
(6–8 RM in the traditional power exercises and 3–4 RM in the
Olympic movement exercises). Subjects were instructed to
rest for 2–3 minutes between each set.
The PL group followed a traditional linear periodized

training program (11), in which the training cycle was divided
into several mesocycles. Each mesocycle differed in the
intensity and volume of training. Subjects performed a
4-week preparatory/hypertrophy phase (subjects were
instructed to rest for 1 minute between sets), a 6-week
strength phase (subjects were instructed to rest 2–3 minutes
between sets), and a 4-week power phase (subjects were
instructed to rest 3 minutes between sets). The PNL group
followed a nonlinear periodized training program in which
the intensity and volume of exercise differed from workout to
workout. Workouts would alternate from a power workout
(3–5 RM in the power exercises and 1–2 RM in Olympic
movement exercises, with a 3-minute rest between each set)
to a hypertrophy workout (9–12 RM in the power exercises
and 5–6 RM in the Olympic movement exercises, with a
1-minute rest between sets). During the last 5 weeks of
training, all subjects participated in a 3-d�wk21 speed and
agility training program.

Performance Assessments

All subjects participated in strength and power assessments
that were performed before the training program (PRE), after
7 weeks of training (MID), and at the end of the 15-week
resistance training program (POST). Again, a 1-week break
was taken after the seventh week of training for 1 week, and
then training continued on from weeks 9 to 15. Because
previous studies have shown that maximal strength assess-
ment can potentiate anaerobic power performance during
similar testing protocols (15), all subjects were required to
perform maximal strength testing before the power
assessments.

Strength Measures. During each testing session, subjects
performed a 1-repetition maximum (1RM) strength test on
the bench press and squat exercises to measure upper- and
lower-body strength, respectively. The 1RM tests were
conducted as previously described (12). Each subject
performed a warm-up set using a resistance that was
approximately 40–60% of his perceived maximum, and then
he performed 3–4 subsequent attempts to determine the
1RM. A 3- to 5-minute rest period was provided between
each lift. No bouncing was permitted, because this would
have artificially inflated strength results. Bench press testing
was performed in the standard supine position: the subject
lowered an Olympic weightlifting bar to midchest and then
pressed the weight until his arms were fully extended. The
squat exercise required the subject to rest an Olympic

weightlifting bar across the trapezius at a self-chosen
location. The squat was performed to the parallel position,
which was achieved when the greater trochanter of the
femur was lowered to the same level as the knee. The subject
then lifted the weight until his knees were extended. Previous
studies have demonstrated good test-retest reliability (r .

0.97) for these strength measures in our laboratories (13,14).

Anaerobic Power Measures. Vertical jump testing performed on
a force plate and a seatedMBTwere used to assess lower- and
upper-body power, respectively. Before vertical jump testing,
all subjects performed a 5-minute warm-up on a cycle
ergometer. In addition, a movement-specific warm-up was
then performed. Each subject was instructed to perform 5
vertical jumps at approximately 50% of their maximal effort,
followed by an additional 5 jumps at approximately 75% of
their maximal effort. After the warm-up, subjects then
performed 5 maximal-effort vertical jumps with a counter-
movement. Subjects completed the 5 jumps consecutively.
During the countermovement jump testing, each subject

began by standing erect on anAccuPower portable force plate
(Advanced Medical Technology Inc., Watertown, Mass) with
his hands on his hips. Before jumping, each subject was
instructed to maximize the height of each jump while
minimizing the contact time with the force plate between
jumps. On a verbal signal, the subject lowered himself to a self-
selected depth and immediately performed the required
number of vertical jumps landing back on the force plate. For
each jump, the subject’s displacement of the center of mass
was recorded for subsequent calculation of power data. The
computer recorded force and displacement data, and
a software package (AccuPower, Frappier Acceleration,
Fargo, ND) was used to calculate power. Samples were
collected at 200 Hz. The system was calibrated before each
test. The highest power output of the 5 trials for each jump
was recorded. High test-retest reliabilities (r . 0.90) have
been previously reported with this testing apparatus (32).
The seated MBTwas used to assess upper-body power (3).

A 3-kg medicine ball was used for this test. Each subject was
seated on a chair with a 90� angle at the tibiofemoral and
acetabular-femoral joints. The subject would sit upright in the
chair with both hands grasping the ball. The ball was
maintained at chest level. Subjects were instructed to release
the ball at a 45� angle. The subjects were allowed 2 practice
throws. Once a subject felt comfortable with the technique,
he was allowed 3 throws. Chalk was placed on the ball before
each throw to provide measurement accuracy (e.g., de-
termining where the ball landed). The throw with the
greatest distance was recorded to the nearest centimeter.

Questionnaire

To provide a subjectivemeasure of the subjects’ perceptions of
the 3 different training protocols at the conclusion of the study
(during the posttesting period at week 15), subjects were
asked to rate 4 statements using the following 5-point rating
scale: 1 = strongly disagree, 2 = disagree, 3 = no strong feeling
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either way, 4 = agree, and 5 = strongly agree. The first
statement was, ‘‘I was able to maintain the prescribed
intensity/volume of my workouts throughout the study,’’
and the second statement was, ‘‘I feel stronger and more
powerful than I did at the start of the study.’’ The third
statement was, ‘‘I felt that I had sufficient recovery between
each workout session,’’ and the final statement was, ‘‘I felt that
the program I was on provided me the best opportunity to
increase my strength and power.’’

Statistical Analyses

Statistical evaluation of the data was accomplished by
a repeated-measures analysis of variance. In the event of
a significant F ratio, least significant difference post hoc tests
were used for pairwise comparisons. A criterion alpha level of
p # 0.05 was used to determine statistical significance. All
data are reported as mean 6 SD.

RESULTS

Body mass, strength, and power changes can be observed in
Table 2. No significant changes in body mass were seen from
PRE in any group demonstrating the already high level of
training-induced muscle mass that was already present in
these athletes. All groups significantly increased both 1RM
squat and 1RM bench press from PRE to MID. Results were
still significantly greater than PRE at POST, but significant
strength improvements were not seen from MID to POST in
any group for either strength measure, again indicating

a recovery phenomenon from the active rest period without
any further tissue or neurological enhancements during the
final 7-week training period.
Vertical jump significantly improved for all 3 groups

between PRE and MID. However, no other changes were
noted, and no between-group differences were observed. No
between- or within-group changes were observed in vertical
jump power. Upper-body power as assessed by the MBT
revealed significant PRE to POST improvement for only PL.
No between-group differences were noted.
The subjective assessment of the training programs can be

observed in Table 3. No significant differences were noted
between the groups in any of the subjective measures
assessed. All 3 groups indicated that they felt stronger and
more powerful than at the beginning of the study, and each
group indicated that their specific training program provided
the best opportunity for them to increase their strength and
power. In addition, all groups remarked that they were able
to maintain the prescribed intensity and volume of training,
and that recovery between each training session was
sufficient.

DISCUSSION

The results of this study indicate that the greatest gains in
strength and vertical jump height during a 15-week off-season
strength and conditioning program in college football players
occurred within the first 7 weeks of training, and the

TABLE 2. Body mass, strength, and power changes during 15 weeks of training.

Variable Group PRE MID POST

Body mass (kg) NP 99.5 6 18.3 101.4 6 18.8 101.4 6 19.0
PL 96.5 6 16.5 97.8 6 16.2 95.8 6 15.4
PNL 105.1 6 21.9 106.3 6 22.3 106.1 6 21.7

1RM squat (kg) NP 161.8 6 16.6 182.3 6 21.5* 194.8 6 24.5*
PL 149.5 6 25.0 172.9 6 23.4* 180.5 6 17.6*
PNL 164.2 6 23.2 182.2 6 25.4* 182.5 6 25.6*

1RM bench press (kg) NP 125.9 6 12.2 134.8 6 11.5* 136.8 6 9.5*
PL 118.5 6 18.3 125.5 6 17.6* 127.7 6 20.7*
PNL 124.0 6 25.0 131.3 6 26.7* 134.3 6 27.1*

Vertical jump height (cm) NP 61.0 6 8.0 63.5 6 7.4* 63.7 6 8.6
PL 63.6 6 7.1 65.1 6 7.8* 64.0 6 8.0
PNL 59.1 6 11.2 61.0 6 10.8* 59.8 6 11.6

Vertical jump power (W) NP 6497 6 734 6779 6 742 6478 6 541
PL 6462 6 863 6576 6 573 6554 6 736
PNL 6845 6 1279 6761 6 999 6237 6 793

Medicine ball throw (cm) NP 566 6 53 564 6 54 577 6 45
PL 537 6 49 545 6 42 570 6 45*
PNL 556 6 73 580 6 59 576 6 53

All data are reported as mean 6 SD.
PRE = before training; MID = after 7 weeks of training; POST = after training; NP = nonperiodized; PL = linear periodization; PNL =

nonlinear periodization; 1RM = 1-repetition maximum.
*Significantly different from PRE.
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magnitude of strength improvement did not differ between
the training programs. These results likely reflect the rapid
strength gains made by the subjects returning from an
extended detraining or active recovery period. After the end
of the regular season, all returning players (e.g., subjects) were
recommended to participate in an active rest period. No
formal strength and conditioning programwas employed, but
the subjects were encouraged to remain physically active.
This phase of the yearly training cycle is designed to allow the
athlete to recover from the competitive season (11), but it also
provides time for the collegiate athlete (especially at the
Division III level) to focus on his or her studies and to prepare
for final exams. The active rest period in this study was
approximately 10 weeks (it also coincided with the semester
break). Although resistance training may have occurred
during this period, it was not monitored, and, from anecdotal
experience, it was not performed at the intensity or
consistency generally seen during official team training
sessions. Previous studies have demonstrated significant
strength losses occurring from similar detraining periods
(8). The significant strength improvements noted in the
initial stage of the off-season training program likely reflect
the rapid return to previous strength levels as a result of
neural adaptation (6), which would have given an advantage
to the groups where high force and power exposure were the
greatest owing to the need for maximal recruitment of motor
units. The concept of a rapid strength return after a detraining
period in resistance trained subjects has been termed ‘‘muscle
memory,’’ and this was first demonstrated in women by
Staron and colleagues (27). The results observed during the
initial 7 weeks of training in this study seem to support this
concept even in highly trained men.
As the training program progressed, additional changes in

strength may have provided a greater reflection on the
effectiveness of the different training paradigms being

examined. However, with another microcycle of active rest
(the week of spring break) and only 7 additional weeks of
training, the ability to stimulate physiological adaptations
may be limited, considering the resistance training experience
of these athletes. Previous research has indicated that short-
term strength improvements in experienced, resistance
trained athletes may be more a function of neurological
change vs. change in lean tissuemass (9). A greater duration of
training seems necessary to impact changes in lean tissue
mass to generate greater strength improvements in these
athletes (9).
Performance in upper- and lower-body power measures

differed between the groups. Significant improvements in
vertical jump height were seen between PRE andMID in all 3
groups. However, no additional improvements were seen in
any group from MID to POST. Furthermore, vertical jump
height at POST was not significantly different than PRE for
any group, suggesting that lower-body power performance
was reduced at that time point. The final 7 weeks of training
also coincided with a 5-week plyometric, speed, and agility
program that was performed during spring football. Spring
football at the level of this college (Division III) is performed
without any physical contact, and with a finite amount of
practice times permitted. As a result, the 4-d�wk21 off-season
resistance training program was maintained throughout the
15 weeks. It is possible that the cumulative training stresses of
resistance, plyometric, speed, and agility training resulted in
a potential overtraining syndrome that minimized perfor-
mance gains, especially in the lower body. Moore and Fry
(21) have reported that the combination of off-season
training and spring football practices in American college
football players can result in nonfunctional overreaching, in
which short-term performance decrements are seen.
A significant PRE to POSTMBT improvement was seen in

PL only. It is likely that the greater intensity of training used

TABLE 3. Subjective assessment of training program.

Statement Group POST

I was able to maintain the prescribed intensity/volume of my workouts throughout the study. NP 4.1 6 0.6
PL 3.7 6 1.0
PNL 3.9 6 0.5

I feel stronger and more powerful than I did at the start of the study. NP 4.0 6 0.9
PL 4.4 6 0.7
PNL 4.2 6 0.7

I felt that I had sufficient recovery between each workout session. NP 3.0 6 1.0
PL 3.3 6 1.2
PNL 3.9 6 0.6

I felt that the program I was on provided me the best opportunity to increase my
strength and power.

NP 3.6 6 1.0
PL 3.6 6 1.0
PNL 3.8 6 1.1

All data are reported as mean 6 SD.
POST = after training; NP = nonperiodized; PL = linear periodization; PNL = nonlinear periodization.
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by PL in the latter stages of the training program provided
a greater stimulus for power development than the nonlinear
style of training used by PNL or NP. Although PNL
incorporated power training from the beginning of the
training program, the single session of power training for the
lower body per week may not have been sufficient to provide
an adequate training stimulus. The training program for NP
did not provide any higher-intensity training typically seen
during power cycles. Previous research has demonstrated that
power performance may even decline if force outputs during
training are not sufficient (22).
Research on the efficacy of periodization models has

primarily investigated previously untrained or recreationally
trained individuals. These studies (10,26,28–30,33) have
established that manipulation of training intensity and
volume provides a greater advantage for strength and
performance gains than training programs that do not use
any variation strategies. However, these results have been
extrapolated to be efficacious for competitive strength/
power athletes even though there are only 2 studies known to
have actually examined periodization strategies in compet-
itive athletes. One study investigated collegiate women’s
tennis players with no prior resistance training experience
(18), and the other study examined collegiate football players
(16). Both studies indicated that nonlinear periodization
strategies were superior to either no periodization (18) or to
a high-intensity single-set training program (16). This study
seems to be one of the first investigations to examine the
efficacy of different variations of off-season periodized or
nonperiodized training programs in experienced, resistance
trained, competitive strength/power athletes, but within the
context that these athletes were beginning their training after
a prolonged period of active rest.
Only 3 studies are known that have compared linear with

nonlinear periodized training programs (2,5,26). All 3 studies
examined recreational lifters exercising 3 d�wk21 for 9–
12 weeks. Although 2 studies were unable to see any sig-
nificant difference in strength gains between linear, nonlinear,
and nonperiodized training programs (2,5), Rhea et al. (26)
have demonstrated that nonlinear training was more effective
in eliciting strength gains than a traditional, linear resistance
training program. The mechanisms underlying these differ-
ential findings are not clear, but differences in training volume
between the studies were apparent. In the studies that have
shown no significant differences between training paradigms,
training volume was equated (2,5). However, Baker and
colleagues (2) still used a higher volume (5 sets per exercise in
the core exercises) of training than Rhea et al. (3 sets per
exercise for all exercises) (26). Similar to Rhea and colleagues
(26), training volumes between the groups in this study were
not equated. It was believed that this represented a realistic
comparison of 3 different training regimens that are used to
train competitive strength/power athletes within the context
of this sequence of time. Regardless, no significant between-
group differences were seen. Although these results support

the work of Baker et al. (2) and Buford et al. (5), it is likely that
a longer duration of training is necessary to differentiate
differences in training paradigms in experienced resistance
trained athletes (9).

PRACTICAL APPLICATIONS

There are a variety of training paradigms that can be used to
train competitive athletes; however, no specific training
design has proven to be more efficacious than the other. The
results of this study do not provide clear evidence to support
either periodized linear, planned nonlinear, or nonperiodized
training programs during a 15-week off-season resistance
training program in college football players. However, it is
important to place this study in the appropriate context
regarding the time frame in which it was conducted. Subjects
began this study after a period of active rest in which they
were likely detrained. Any of the resistance training programs
would likely have stimulated rapid strength improvements. In
addition, this study used a single nonlinear training model.
There are many possible nonlinear training sequence models
that emphasize different training characteristics of strength
and power that can be used to train athletes (17).
Incorporation of a different nonlinear model may have
resulted in different adaptations. The results do not provide
a clear indication as to the most effective training program for
strength and power enhancement in already trained football
players. Although recovery of training-related performance
was achieved after only 7 weeks of training, further gains
were not observed. These data indicate that longer periods of
training may be needed after a long-term active recovery
period and that active recovery may need to be dramatically
shortened to better optimize strength and power in
previously trained football players.
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