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Strength training is perhaps the most vital aspect of a 
rehabilitation program for any injury. Clinicians design 
programs that include several components, including 

endurance, flexibility, proprioception/kinesthesia, balance, 
joint and soft tissue mobility, speed, and power. A significant 
challenge lies in designing optimal training programs that 
facilitate neuro and muscular adaptations while being mindful 
of biological healing and the safety of the athlete. Strength 
training research is primarily based on healthy, trained, and/
or untrained participants.|| Additionally challenging is the need 
for constant monitoring of an athlete during the rehabilitation 
process. The clinician must consider that the athlete may not 
tolerate the systematic changes in training that come with 
progression through a protocol.

The strength training literature is often based on determining 
the 1-repetition maximum (1 RM), the maximum amount of 
weight that can be successfully lifted 1 time. Unfortunately, 
determining the 1 RM is contraindicated in those rehabilitating 
from an injury. Prediction models do exist for understanding 
the predicted 1 RM in healthy patients.36,47,50,63 As in most 
studies in the strength and conditioning literature, the models 
are based on healthy participants. Rehabilitation programs are 
often performed when an athlete does not have his or her full 
range of motion and strength restored, which usually does 
not happen until the athlete is near the end stages. Loading is 
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often a moving target based on pain and available ranges of 
movement. The clinician is left with a best-guess approach to 
determine the ideal resistance for the athlete.

Manipulating training variables to facilitate maximum gains—
including sets, repetitions, load, and rest periods—can be 
daunting. Further complicating rehabilitation program design 
is poor agreement in the literature about the best way to 
rehabilitate an athlete while keeping these principles in mind. 
Last, the venue in which an athlete completes rehabilitation 
can cause programs to change as well. For example, a certified 
athletic trainer in a university setting will have fewer insurance 
limitations with an athlete, compared to a physical therapist in 
a private clinical setting. Therefore, these considerations may 
need to be reflected in program design.

A paucity of data regarding use of periodization models 
exists in the rehabilitation literature. Despite these limitations, 
several models of progressing athletes through training 
programs can be applied to rehabilitation. The review seeks 
to assimilate the available literature to provide a theoretical 
framework for the clinician to safely and effectively design 
programs for athletes recovering from injury.

Resistance tRaining PRinciPles
Load

Load is the amount of weight assigned to an exercise set. The 
load of an exercise program has often been characterized as 
the most critical aspect of a resistance training program.4,25,52,77 
An inverse relationship exists between the amount of weight 
lifted and the number of repetitions performed. Assigning 
a proper load in a resistance training program for the 
rehabilitating athlete depends on such factors as training 
experience, current level of fitness, and type of pathology. 
One or more of these loading schemes can be employed 
(depending on the athlete): increasing load based on 1 
RM, increasing absolute load based on a targeted repetition 
number, and/or increasing loading within a prescribed zone 
(eg, 8-12 RM). A repetition maximum continuum has been 
supported.5,18,23,84 The concept simply implies that specified 
loads are required for specific training effects. High-intensity 
training involves few repetitions, whereas low-intensity 
endurance training requires much higher repetitions  
(eg, 20-25 RM).

Volume

Training volume is a summation of the total number of 
repetitions performed during a training session multiplied 
by the resistance used (kilograms or pounds), and it reflects 
the duration of which muscles are being stressed.81 Altering 
training volume can be accomplished by changing the number 
of repetitions performed per set, the number of sets per 
exercise, or the number of exercises per session.

The success of single-set versus multiple-set systems have 
been debated in regard to which provides superior results 
with respect to strength. Several studies have reported 

similar strength increases between single- and multiple-
set programs,19,34,74 whereas others have reported multiple-
set programs being superior9,12,69,76,79 in previously untrained 
subjects. The popularity of single-set training has grown among 
general fitness enthusiasts.23 The current recommendation 
for novices is an initial 1 to 3 sets per exercise,9,14,19,22,34,50,56,57 
with progression to intermediate/advanced status requiring 
multiple-set use with systematic variation of volume and load 
over time.36,39,45,46,65,71 An important aspect to consider with the 
rehabilitating athlete is that not all body parts or exercises need 
be performed with the same volume.

Progressive Overload

To continue making gains in an exercise program, stress to 
the muscle must be progressively increased as it becomes 
capable of producing greater force, power, or endurance. Once 
the muscles adapt to an exercise program workload, they will 
not continue to progress in the desired training goal unless 
the workload is increased in some manner. Therefore, to 
continually improve physiologic function, progressive increases 
in load must be applied to which adaptations will again 
occur.43 If the athlete does not continue to adapt, he or she 
will eventually plateau and regress. Resistive exercises should 
be performed with enough frequency, load, and duration to 
produce overload without producing fatigue.80

There are several methods to progressively overload the 
muscle2—by increasing the resistance; by increasing the 
training volume by increasing the number of repetitions, 
sets, or exercises performed; by altering rest periods; or 
by increasing the repetition velocity during submaximal 
resistances. The most common method is that of increasing 
resistance/load.25 Progressive overloading should gradually be 
introduced to the program. The athlete should have sufficient 
time to adapt before making significant changes. The American 
College of Sports Medicine3 recommends that changes in total 
training volume (reps, sets, load) be made in increments of 
2.5% to 5.0% per week to avoid the possibility of overtraining.

Training for Strength, Power, 
Hypertrophy, and Endurance

Training for each component requires careful and systematic 
planning, as well as critical analysis of the individual athlete’s 
sport requirements. Different athletes on the same team sport 
can, and often do, require different training.

Strength. Strength is the ability of the muscle to exert force 
or torque at a specified or determined velocity.38 Strength is 
an essential component of all rehabilitation and performance 
enhancement programs, and it can vary for different 
muscle actions.40 Because all muscles function eccentrically, 
isometrically, and concentrically in the sagittal, frontal, and 
transverse planes, an integrated training program should 
utilize a multiplanar training approach using the entire muscle 
contraction spectrum and velocity contraction spectrum.11,27,31,38
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Training for strength requires various levels of load, 
depending on the athletes. Using loads of 45% to 50% of 1 RM 
(and lower) has been shown to increase dynamic muscular 
strength in novice lifters.14,78,84 Increased loads appear to be 
needed with progression. The novice to intermediate athlete 
should train with loads of 60% to 70% of 1 RM for 8 to 12 
repetitions. A greater challenge is required for the more 
experienced lifters to gain strength. A load of 80% to 100% of 
1 RM with a systematic progression of 1 to 3 sets per exercise 
for the novice lifters has been recommended to maximize 
muscular strength in the more advanced lifters.¶

Many sporting activities take place so rapidly that it is 
virtually impossible to recruit the maximum number of muscle 
fibers. Therefore, many activities do not depend solely on 
the ability to produce maximum strength; rather, these sports 
depend on the athlete’s ability to produce power.11,27,74

Power. Power is defined as work per unit of time: [force × 
(distance/time)]. Because the definition of velocity is (distance/
time), power can further be defined as (force × velocity). Time 
is an essential element when training for power. Rate of force 
development can be defined as the rate at which strength 
increases.74 It is the most important neural adaptation for the 
majority of athletes.17

Training programs dedicated to the development of power 
require high-force training and high-quality power movements 
in which time and the rapidity of movements play a vital 
role in the quality of the exercise.25 When athletes plateau in 
strength development or are required to produce strength more 
quickly, specialized power training appears to be even more 
important to optimize power development.7,54 Athletes cannot 
be powerful without being relatively strong.86

Advanced athletes require training with heavy loads (85% 
to 100% of 1 RM) with light loads (30%) at high speeds to 
develop optimal levels of speed strength (power).49,87 The 30% 
RM load level was found to be superior to plyometric training 
and traditional weight training (80% to 90% of 1 RM) in 
developing dynamic athletic performance.87

Plyometrics is a popular training method based on the 
stretch-reflex properties of the muscle to produce power.16,61 
Owing to the high physical demands of plyometric training, 
a baseline level of strength should be achieved before its 
implementation.16,62,82 It is also recommended that power training 
be performed only 2 to 3 days per week for novices and up to 
4 to 5 days per week for advanced athletes.16,61,62 Rest intervals 
should be long enough to allow maximum effort on subsequent 
sets (from 5-10 seconds to 2-4 minutes), and recovery between 
training sessions should be at least 2 days—preferably, 4 days.2

Hypertrophy. Hypertrophy can be simply defined as an 
increase in muscle size. Larger training volumes are needed 
when the goal of a resistance training program is that of 
increased lean body mass or muscular hypertrophy.25,77 For 
novice to intermediate lifters, moderate loads (70%-85% of 1 

RM) of 8 to 12 repetitions per set for 1 to 3 sets per exercise 
are recommended.62 Advanced lifters increase the load (70%-
100% of 1 RM) and the volume with an increased number 
of sets (3 to 6) in a periodized manner with emphasis on 
higher repetitions.62 Bompa proposed using similar loads for 
hypertrophy of muscle, except repetitions to fatigue in lieu 
of 12 repetitions.11 For novice lifters, training 2 to 3 days per 
week is recommended and up to 4 to 6 days per week for 
advanced lifters.62 A key component of a muscle hypertrophy 
training program is that of machine and free motion weights 
incorporating predominantly total body activity.62

Endurance. Endurance is the ability to work for prolonged 
periods: the ability to resist fatigue.51,85 Muscle endurance is the 
ability of a local isolated muscle group to perform repeated 
contractions over a period.51 Muscular endurance training has a 
positive transfer to cardiovascular endurance.79

Generally, endurance training is of lower intensity and higher 
volume in comparison to training for strength and power. 
As many as 30 to more than 150 repetitions (depending on 
load percentage of 1 RM) has been suggested.11 For novice 
to intermediate individuals, the consensus recommendation 
is that of relatively light loads with moderate to high 
volume. Recommendations for advanced individuals include 
various loading strategies for multiple sets per exercise (10-
25 repetitions or more) in a periodized manner leading to a 
higher overall volume using lighter loads.62

HistoRical PeRsPective of 
Resistance tRaining Models

As early as 1948, DeLorme21 recommended (1) heavy resistance 
and low repetitions to develop strength and (2) light resistance 
with a high repetitions to develop muscular endurance.6,21 
Three sets of 10 RM with progressive loading during each 
set was proposed. Conversely, the Oxford technique24 uses a 
regressive loading model for resistance exercise. The programs 
share similarities: rest periods and increases in resistance 
over time. The DeLorme technique builds a warm-up into 
the protocol, whereas in the Oxford technique, resistance 
is progressively decreased as fatigue surfaces. The Oxford 
technique starts at 10 RM and removes weight, whereas in the 
DeLorme method, weights are added to achieve 10 RM. Fish 
and coauthors24 compared the Oxford and DeLorme techniques 
for training efficacy. In a randomized prospective study 
comparing the 2 techniques over a 9-week time frame, the 
DeLorme technique was more effective for a 10-RM increase, 
although the differences were not statistically significant.24 No 
significant sex differences were found.

The daily adjustable progressive resistance exercise (DAPRE) 
technique was clinically developed in an effort to provide 
an objective means of increasing resistance with strength 
increases during knee rehabilitation postinjury/surgery.37 The 
key to the DAPRE technique is that on the third and fourth 
sets of exercise, the patient performs as many repetitions as 
possible. The number performed on those sets determines the ¶References 14, 30, 36, 40, 45, 56, 58, 65, 66, 68, 71, 78, 84



512

Lorenz et al Nov • Dec 2010

amount of weight added (or sometimes removed) for the next 
session. During the first set of the DAPRE technique, half the 
maximum weight is performed 10 times. For the second set, 6 
repetitions are performed at 75% of the maximum weight. In 
the third set, the maximum weight is lifted to fatigue. Weight 
is reduced 5 to 10 lb (2.25-4.50 kg) if the athlete can lift the 
weight only a few times. The weight stays the same if he or 
she can perform 5 or 6 repetitions. If the athlete can perform 
more than 6 repetitions, the following set will include a 5- 
to 10-lb (2.25- to 4.50-kg) increase. When this technique was 
utilized in 21 athletes after knee immobilization, they averaged 
an increase of 4.3 ± 2.2 kg resistance per day for a period of 
6.4 ± 2.2 days for a 6-RM test.20

A study of 21 women used isotonic and isokinetic exercises 
to determine strength increases during a 1-legged jump.20 Both 
training groups used a leg press protocol 3 days a week for 5 
weeks. The isokinetic group trained with 2 sets of 10 repetitions 
through a velocity spectrum, and the isotonic group trained with 
the DAPRE technique. Both groups increased strength, but the 
1-legged jump did not change. Wawryzniak and colleagues83 
observed no changes in hop test performance with the DAPRE 
technique in participants who performed unilateral leg presses 3 
times per week for 6 weeks—one group from 0° to 60° and the 
other from 0° to 90°.

In the 1950s, Norwegian physiotherapist Oddvar Holten 
developed the philosophy of medical exercise therapy as a 
method of determining training intensity.33 The Holten curve 
(Figure 1) is a scale of the percentage of intensity correlated 
with repetitions performed. The athlete performs a weight 
to fatigue; the number of repetitions performed are then 
correlated with a given intensity, and a 1 RM is determined. For 
example, if a patient can do 10 lb (4.50 kg) for 16 repetitions 
(75%), then 10 is divided by 0.75 for a 1 RM of 13.3 lb (5.99 
kg). For an elderly patient, the 1 RM is multiplied by 80% (13.3 
× 0.80 = 10.5 lb [4.73 kg]). This patient would perform 3 sets of 
10 at 10.5 lb (4.73 kg) every other day (Figure 1).

PeRiodization

Periodization is one way for the clinician to approach the 
design of resistance training programs. Periodization is 
the planned manipulation of training variables (load, sets, 
and repetitions) to maximize training adaptations and 
prevent the onset of overtraining syndrome.13 Some form of 
periodization is usually needed for maximal strength gains 
to occur,13,25,26,44,57,67,77,85 although contrary data do exist.8,70 
Periodization can be traced to Selye’s general adaptation 
syndrome (ie, systems will adapt to any changes they 
might experience in an attempt to meet the demands of 
the stressors).64,72 The goal of a periodized program is to 
optimize the principle of overload, the process by which 
the neuromuscular systems adapt to unaccustomed load or 
stressors.59,62 The training program specifies the intensity, 
volume, and frequency; the interactions of these variables 
result in the overload.6 For the neuromuscular system to 
maximally adapt to the training load or stress, volume and 

intensity alterations are necessary. Owing to the increased 
demands, the neuromuscular system adapts with increases in 
muscular performance. If the system is allowed to adapt to 
stressors without concomitant changes in overload, no further 
adaptations are needed, and increases in the desired outcome 
will eventually stop.67,66 Conceptually, periodization helps 
avoid this problem because the load on the neuromuscular 
system is constantly changing. Furthermore, periodization may 
be beneficial by adding variation to workouts, thus avoiding 
boredom or training plateaus (Figure 2).67,66

Although other models of periodization exist, there are 2 
primary models. First, the classic, or linear, model is based on 
changing exercise volume and load across several predictable 
mesocycles. This model was developed by Russian scientist Leo 
Matveyev49 and supported by Stone77 and Bompa.11 Based on a 
12-month period, the program is referred to as a macrocycle; 
the 2 subdivisions are the mesocycle (3-4 months) and the 
microcycle (1-4 weeks). The other main model is the undulating 
periodization model, first proposed by Poliquin.59 The term 
nonlinear periodization has become more favorable compared 
to undulating periodization. Nonlinear periodization is based 
on the concept that volume and load are altered more frequently 
(daily, weekly, biweekly) to allow the neuromuscular system 
more frequent periods of recovery. Phases are much shorter, 
providing more frequent changes in stimuli, which may be highly 
conducive to strength gains.59 Kraemer and Fleck41 expanded 
this concept by including planned versus flexible nonlinear 
periodization. The planned model follows predicted loading 
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Figure 1. The Holten curve. Percentage of 1-repetition 
maximum (1 RM) on the left side of the curve with estimated 
repetitions at that intensity on the right. Used with permission 
from Oostdam N et al. Design of FitFor2 study: the effects 
of an exercise program on insulin sensitivity and plasma 
glucose levels in pregnant women at high risk for gestational 
diabetes. BMC Pregnancy and Childbirth. 2009;9:1.
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schemes, but the flexible plan allows the clinician to adjust 
the plan based on the status of the athlete. Last, reverse linear 
periodization (RLP) follows the modifications in load and volume 
but in reverse order: increasing volume and decreasing load.68

Periodization can be accomplished by manipulating sets, 
repetitions, exercise order, number of exercises, resistance, rest 
periods, type of contractions, and training frequency,25,64 thereby 
providing numerous periodization programs. Manipulating 
variables is arguably the greatest challenge that clinicians face 
when designing and modifying resistance training programs.

Periodization Models

A review of the studies examining nonlinear periodization 
and undulating periodization training programs demonstrates 
that daily program manipulation is more beneficial than 
nonperiodized training for eliciting strength gains.32 
Comparisons between linear and nonlinear periodization 
models are quite limited.32

Prestes et al60 compared linear periodization (LP) and RLP 
to determine the effects on maximal strength and body 
composition in previously trained women while using loads 
between 4 and 14 RM. This study was the first to examine 
such high intensities. Athletes trained for 12 weeks using each 
periodization model. The LP group’s training load increased 
every 1 to 4 weeks, whereas the volume decreased. Thus, the 
intensity increased every week for the LP group and decreased 
in the RLP group. Recovery was implemented by decreasing 

the load to 12 RM at the 4th, 8th, and 12th weeks as well as by 
decreasing their frequency from 3 to 2 sessions per week. LP 
and RLP both increased maximal strength for the upper and 
lower body. Greater percentage increase in maximal strength in 
the upper and lower body was found with LP training compared 
to RLP. The LP group demonstrated improvements in body 
composition by decreasing body fat and increasing fat-free mass, 
which was not observed with the RLP group. Compared to RLP, 
LP presented more positive effects on body composition and 
maximal strength when intensity was between 4 and 14 RM.

Baker et al8 compared the effectiveness of 3 periodization 
models (nonperiodized control, LP, undulating periodization) 
on maximal strength and vertical jump in 22 previously trained 
men performing a 12-week strengthening program 3 days per 
week. In a short-term training cycle, nonlinear periodization 
resulted in the same gains as the LP and undulating 
periodization. Additionally, the mechanisms contributing 
to the development of strength and power were different. 
Improvements in maximal strength did not necessarily equate 
to improvements in power activities such as jumping, thus 
clearly highlighting the specificity of training.7

Buford et al13 compared periodization models during a 
9-week training program with equated volume and intensity 
for strength. They compared LP, daily undulating periodization 
(DUP), and weekly undulating periodization. The training 
program for each group was 9 weeks with a frequency of 3 
times per week. Athletes were tested at 4 weeks to adjust their 
1 RM. Five weeks later, they were tested again to compare the 

Figure 2. Periodization of strength training with associated terminology used in European and American literature. Note the 
inverse relationship of intensity and volume. Used with permission from Gearhart RF Jr et al. 
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results. Although all 3 groups improved strength, no significant 
differences were found between the groups.

Rhea et al68 compared LP, RLP, and DUP with equated 
volume and intensity for local muscular endurance. Participants 
performed 3 sets of leg extensions 2 days per week. The LP 
group performed sets of 25 RM, 20 RM, and 15 RM, changing 
every 5 weeks. The RLP group progressed in the reverse order. 
The DUP group changed between each workout: 25 RM, 20 RM, 
and 15 RM, repeated for the 15 weeks. All 3 models increased 
local muscular endurance. The RLP group demonstrated greater 
endurance improvements than did the LP and DUP groups.

Rhea et al67 also compared the effects on strength between 
a LP group and a DUP group. Lower intensities were used as 
compared to those of Prestes et al.60 Their training involved 
3 sets of bench press and leg press, 3 days per week for 12 
weeks. The LP group changed its intensity at weeks 4 and 8, 
whereas the DUP group changed on a daily basis (Monday, 
Wednesday, and Friday). Both groups demonstrated increased 
strength, but the DUP group did elicit higher strength gains.

Hoffman et al32 compared periodization models, including a 
nonperiodized LP group and a planned nonlinear periodization 
group, using trained American football players. All athletes 
participated in a 15-week off-season conditioning program. No 
significant difference was found between the groups.

Application of Periodization in Rehabilitation

Rehabilitation programs have traditionally used a basic 
progressive overload approach primarily focusing on the 
injured area. Periodized training is a safe method of training 
for older adults as well as those in pain.30,35 Although the 
following commentary has not been validated in peer-reviewed 
literature and is anecdotal, it may stimulate further studies.

What is consistently lacking in rehabilitation protocols are 
specific guidelines on the resistance training variables. The 
clinician has general goals for each phase, precautions, and a 
vague incomplete list of exercises to be performed. Studies have 
compared eccentric training to a standard rehabilitation protocol 
after an ACL reconstruction,28 open versus closed chain exercises 
in ACL-deficient knee rehabilitation90 and patellofemoral 
pain,88 and even home versus physical therapy–supervised 
rehabilitation based on a standard rehabilitation protocol.29 
An accelerated program (19 weeks) has been compared to a 
nonaccelerated version (32 weeks) after an ACL reconstruction.10 
The protocols were identified but did not detail the exercises 
performed and the stage of the rehabilitation process. There was 
no discussion of resistance training variables.

In studies on ACL reconstruction, several options exist. 
Besides comparing linear versus nonlinear models using the 
standard rehabilitation protocol, researchers could compare 
modes or duration of training. Using linear and nonlinear 
periodization67,68 as a framework, researchers could divide 
the ACL reconstructions into 1 of 3 groups: control, linear, 
and nonlinear. Traditional rehabilitation programs could be 
compared to eccentrically based programs, or eccentrics could 
be used in the periodization models.

Alfredson et al1 proposed a rehabilitation program for 
Achilles tendinopathy employing periodization principles, 
which has successfully been used in later studies of this 
injury.48,55,73 In a prospective study of 15 athletes with chronic 
Achilles tendinosis, participants performed 3 sets of 15 
eccentric repetitions of bent- and straight-knee calf raises, 
twice a day, 7 days per week over 12 weeks. Athletes were told 
to work through pain, only stopping if it became disabling. 
Once body weight was pain-free, load was increased in 5-kg 
increments with use of a backpack. All 15 participants returned 
to preinjury levels of activity with a significant decrease in pain 
and increase in strength.

Only 2 studies have compared resistance training programs 
in a rehabilitation setting; one was among healthy participants. 
Wong et al89 used 2 weight training programs for patellar 
stabilization in healthy participants in a control group. Each 
group did parallel squats and knee extensions, 3 times per week 
for 8 weeks. Resistance was determined after momentary muscle 
failure was reached after each set of exercises. If participants 
were able to perform more repetitions, resistance was increased 
by 5 lb (2.25 kg) and vice versa (ie, decreased upon inability 
to perform). One training group completed a strength program 
of 5 sets of 5 repetitions with 2 minutes of rest between sets, 
whereas the other group performed a hypertrophy program at 
4 sets of 10 repetitions with 1-minute rest between sets. Both 
training groups had comparable gains in vastus medialis oblique 
size, passive patellar stability, and knee extension force—all 
greater than that of the control group.

Kell et al35 compared 2 forms of periodized musculoskeletal 
rehabilitation based on whole body training among patients 
with chronic low back pain to determine its influence on 
musculoskeletal health, pain, disability, and quality of life. One 
group used an LP resistance training program based on 10 
RM, whereas the other used aerobic training. Both forms of 
training induced meaningful changes in strength, endurance, 
flexibility, and power, as well as aerobic fitness. The resistance 
training was more efficacious for chronic low back pain. Body 
composition improved; pain and disability were reduced; and 
quality of life was recovered. These protocols are loosely based 
on periodization principles with specific goals at each phase of 
rehabilitation, much like traditional strength training. A flexible 
nonlinear periodization model can account for unexpected 
changes in a patient’s status where the clinician may need to alter 
the intensity, volume, training focus (strength, endurance, power), 
and so on for a particular time frame (eg, day, week, month).

In a postsurgical ACL reconstruction patient, endurance, 
hypertrophy, strength, and power days can be developed, 
depending on the timeline using a 3-day-per-week program. 
When an athlete progresses to more sport-specific drills 
(plyometrics and agility) in the later stages of rehabilitation, 
emphasis can shift to strength, power, and hypertrophy 
sessions. In the final stages of rehabilitation before return to 
sport, power, strength, or hypertrophy can be emphasized on 
the basis of the athlete’s deficits. If an athlete has persistent 
quadriceps deficits, hypertrophy sessions may be beneficial 
(Tables 1 and 2).
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Table 1. Linear periodization following anterior cruciate 
ligament reconstruction.a

Weeks 4-8: Endurance Phase Rest, 30-45 s

 Straight leg raises 3 × 15-20

 Side-lying leg raises 3 × 20-30

 Supine bridges 3 × 20-30

 Clamshells 3 × 20-30

 Crabwalk 3 × 15 steps each direction

 Leg press 3 × 15-20

 Step ups 3 × 15-20

 Dumbbell squats 3 × 15-20

 Prone leg curl 3 × 15-20

 Physioball bridge 3 × 15-20

 Single-leg wall jumps 3 × 12 each leg

 Bounding 3 × 6-8 each leg

 Tuck jumps 3 × 3-5

 Depth jumps 3 × 3

Weeks 8-12: Hypertrophy Phase Rest, 45 s to 1 min

 Leg press 3-4 sets × 12 repetitions (or failure)

 Step ups 3-4 sets × 10-12

 Dumbbell squats 3-4 sets × 10-12

 Lunges 3-4 sets × 10-12

 Single leg squats 4 × 12

 Prone leg curl 4 × 12

 Physioball bridge 4 × 12

 Physioball curl 4 × 12

Weeks 12-16: Strength Phase Rest, 2-3 min

 Barbell back squats / front 

squats

3-4 sets × 6-10 

 Dead lift 3-4 sets × 6-10 

 Leg press 3-4 sets × 6-10

 Lunges 3-4 sets × 6-10

 Nordic hamstring 3-4 sets × 6-10

 Prone leg curl 4 × 8-12

 Physioball bridge / curl / curl 

to bridge

3 × 6-10 each

Weeks 16-24: Conversion to 
Power

Rest, 3-5 min

 Hang clean 3 × 3-5

 Power clean 3 × 3-5

 Jump shrugs 3 × 3-5

Weeks 16-24: Conversion to 
Power

Rest, 3-5 min

 Squat jumps 3 × 6

 Scissor jumps 3 × 4 each leg

 Lateral leaps 3 × 6

 Box jumps 3 × 6

aAssumptions include no associated pathologies and no effusion. All exercises 
are not necessarily performed in every session. Exercises are only suggested to 
illustrate the objectives of each phase. We suggest using balance/proprioceptive 
exercises as an active recovery during rest periods. Loads in each phase are at 
a level sufficient for client to perform the required repetitions only. The load is 
either increased or decreased, depending on the client’s success in achieving the 
repetition requirement, as well as his or her ability to perform the exercise safely.

Table 1. (continued)

(continued)

Table 2. Nonlinear periodization program.a

Weeks 4-8

Setting foundation with emphasis on muscle endurance

 Monday: Endurance

 Wednesday: Hypertrophy

 Friday: Strength

Weeks 8-12

Emphasis on increasing muscle size and continued strength training

 Monday: Hypertrophy

 Wednesday: Strength

 Friday: Hypertrophy

Weeks 12-16

Strength gain emphasis prior to transition to power training

 Monday: Strength

 Wednesday: Endurance

 Friday: Strength

Weeks 16-20

Begin transition to power

 Monday: Strength

 Wednesday: Power

 Friday: Strength

Weeks 20-24

Continued progression of strength and power phases of rehabilitation

 Monday: Power

 Wednesday: Strength/Hypertrophy

 Friday: Power

aSee Table 1 for sample exercises and loads. Exercises are suggested only to 
illustrate the objectives of each phase. We suggest using balance/proprioceptive 
exercises as an active recovery during rest periods.
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 In LP ( Table 1 ), phases depend on the time frame of 
the rehabilitation program. Once the patient reaches the 
fourth postoperative week after the ACL reconstruction, 
the emphasis should be on muscle endurance. This 
provides the baseline for hypertrophy and strength; power 
training will eventually be implemented. The hypertrophy 
phase should be implemented around the eighth 
postoperative week because initial muscular gains are 
due to neuromuscular effi ciency mechanisms as opposed 
to muscular hypertrophy. Strength training should be the 
emphasis between the 12th to 16th week before power-type 
training.  16 , 62 , 82   In the power phase of a program, 2 sessions a 
week are suffi cient while still providing adequate recovery 
between sessions. 

 In the nonlinear program ( Table 2 ), there is still an emphasis 
on a parameter (endurance, strength, power, etc.) while 
allowing for increased fl exibility. The earliest weeks primarily 
emphasize endurance, although hypertrophy and strength are 
introduced. In weeks 8 to 12, the emphasis is on augmenting 
muscle size similar to the linear program. The overall goals are 
also similar in both programs. 

 In summary, the concept of periodization in terms of 
strength training has shown promise in strength and 
conditioning on healthy trained and untrained athletes.  #   
There is a paucity of data in rehabilitation research using 
the principles of periodization in the design of rehabilitation 
programs.    

 Periodized strengthening programs elicit greater strength 
gains than do nonperiodized programs. There are no 
signifi cant differences in strength gains when volume and 
intensity are equated between LP and nonlinear periodization 
in untrained and trained individuals, whether men or women. 
Exercise intensity is the most important variable for stimulating 
muscle growth.         
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