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The physiological and psychological changes after anterior cruciate ligament
reconstruction (ACLR) do not always allow a return to sport in the best condition and at
the same level as before. Moreover, the number of significant re-injuries, especially in
young athletes should be considered and physical therapists must develop rehabilitation
strategies and increasingly specific and ecological test batteries to optimize safe return to
play. The return to sport and return to play of athletes after ACLR must progress through
the recovery of strength, neuromotor control, and include cardiovascular training while
considering different psychological aspects. Because motor control seems to be the key to
a safe return to sport, it should be associated with the progressive development of
strength, and cognitive abilities should also be considered throughout rehabilitation.
Periodization, the planned manipulation of training variables (load, sets, and repetitions)
to maximize training adaptations while minimizing fatigue and injury, is relevant to the
optimization of muscle strengthening, athletic qualities, and neurocognitive qualities of
athletes during rehabilitation after ACLR. Periodized programming utilizes the principle
of overload, whereby the neuromuscular system is required to adapt to unaccustomed
loads. While progressive loading is a well-established and widely used concept for
strengthening, the variance of volume and intensity makes periodization effective for
improving athletic skills and attributes, such as muscular strength, endurance, and
power, when compared with non-periodized training. The purpose of this clinical
commentary is to broadly apply concepts of periodization to rehabilitation after ACLR.

INTRODUCTION

Non-contact injury of the anterior cruciate ligament (ACL)
is a common sports-related injury typically warranting ex-
tensive rehabilitation time andreconstructive surgery fol-
lowed by rehabilitation. After a sports injury, the first ques-
tion asked by most athletes (and coaches) is: “‘When will
I (the athlete) be able to compete again?’ The answer to
this question is rarely straightforward and is influenced by
many factors. However, in most cases the goals of the in-
jured athlete and the treating clinician (plus other stake-
holders in the decision-making team, such as coaches, par-
ents, and managers) are the same—to facilitate a timely and
safe return to sport.!

Athletes that return to play are at an elevated risk for re-
injury or injury to the contralateral limb with an estimated
1in 4 (25%) athletes suffering a second injury after return-

ing to high-level sport.2 The high re-injury rate among in-
jured athletes has been a focus for researchers attempt-
ing to identify modifiable risk factors and different rehab
protocols according the graft choice, type of surgery, type
of injury (meniscus or medial collateral ligament, involve-
ment, etc.) for rehabilitation strategies to improve return-
to-sport (RTS) outcomes.3 Periodization is probably one of
the most important and fundamental concepts in training
and it is important to consider the use of this concept in re-
habilitation of injuries to the ACL and after ACL reconstruc-
tion (ALCR).# Periodization consists of a ‘training cycle’ di-
vided into different training or rehab phases with distinct
physical and physiological objectives — to enable the best
performance from athletes in competition (i.e. peak per-
formance, injury prevention). Theoretically, using the peri-
odization concept, peak performance is achieved in a con-
trolled way, as a result of the summation of the particular
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Figure 1. Periodization training cycles.

adaptations provided by each training-rehab phase (meso-
cycle; Figure 1).5

Various models of periodization exist. The two most
common are linear and non-linear. Linear periodization ad-
justs exercise volume and load across a series of predictable
phases or mesocycles. This stepwise progression from one
training stage to another based on intended goals is similar
to advancing a rehabilitation protocol from one stage of re-
covery to the next. Non-linear periodization, on the other
hand, involves a more frequent change of volume and load
within a mesocycle.

However, when examining the role of the use of the pe-
riodization concept in achieving the maximum specific per-
formance in selected sports events (e.g. a season’s best re-
sult), an important drawback emerges: very low rates of
effectiveness.® The high frequency of competition, together
with the increasing physical demands of competition over
the season,” has served to accentuate the physical and
mental load incurred by elite athletes from different sports.
As a consequence of these demands, the importance of re-
covery and rehabilitation strategies designed to alleviate
player fatigue, minimize injury risk, and enhance perfor-
mance is of paramount importance to clubs and national
federations responsible for managing the elite player
health.8 The use of periodization in long standing reha-
bilitation programs after ACLR needs more research and
data to become accepted by health professionals. Therefore,
the purpose of this clinical commentary is to broadly apply
concepts of periodization to rehabilitation after ACLR.

CAN PERIODIZATION BE APPLIED IN LONG-
TERM REHABILITATION, SUCH AS AFTER ACL
INJURY?

Over the years, the pursuit of greater human performance
through training has led to athletes, coaches, and physical
therapists engaging in higher training volumes and often
greater intensity. When coupled with ever increasing com-
petition demands and fixture congestion the interest in ex-
ercise recovery strategies is extremely important to con-
sider within the training and competition calendar.8?
Rehabilitation programs have traditionally used a basic
progressive overload approach primarily focusing on the in-
jured area. Periodized training is a safe method of training
for healthy athletes, as well as those in pain or following an

injury.10 The ideas and concepts presented in this commen-
tary have not been tested in randomized controlled trials,
however they may stimulate further suitable studies inves-
tigating the application of periodization in rehab.
Periodization is the planned manipulation of training
variables (load, sets, and repetitions) to maximize training
adaptations while minimizing fatigue. Periodized program-
ming utilizes the principle of overload, whereby the neu-
romuscular system adapts to unaccustomed loads. While
progressive overload is a well-established and widely used
concept for strengthening, the variance of volume and in-
tensity makes periodization effective at improving athletic
performance attributes, such as muscular strength, en-
durance, and power, compared with non-periodized train-
ing.10
The traditional periodization model assumes that a rel-
atively prolonged period of basic training/rehab (general
preparation / rehabilitation stages) is a prerequisite to a
more specific phase (special preparation / cognitive phase).
During general preparation, rehabilitation specialists aim
to improve cardiorespiratory endurance and strength, even
in athletes competing in power-speed sports disciplines.!!
Another common belief related to strength-power devel-
opment, is that the so-called ‘strength foundation phase’
will provide positive transfer of maximum strength to the
ability to produce muscle power in the subsequent training
phases or rehab stages. To date, there is no strong evidence
supporting this belief, mostly held in traditional literature
written on the basis of authors’ personal experiences and
not supported by research. Conversely, there are studies
showing that training using heavy-loads (i.e. maximum
strength training) results in improvements only in the
high-force/low-velocity portion of the force-velocity curve,
without necessarily affecting the ability to produce higher
amounts of force at high velocities (muscle power). It ap-
pears that the parametric relationship between force and
velocity (i.e. the higher the load, the lower the velocity)
plays a key role in modulating chronic neuromechanical
adaptations and may be helpful in preventing re-injury.12
For instance, in endurance sports, athletes appear to
benefit from performing high volumes of low-intensity
training (i.e. below lactate thresholds) during their basic/
specific periods of preparation.!! Furthermore, coaches and
physiotherapists use prolonged periods of basic training
on muscle-tendon tissues adaptation and injury prevention
cannot be ignored. However, it is likely that these positive
adaptations in muscle, tendons and ligaments may also be
obtained by typical strength power exercises, which can be
directly implemented during the course of a rehab period.

PERIODIZATION CONCEPTS DURING ACL
REHABILITATION: PRACTICAL APPLICATIONS

The initial post-operative phase of ACLR rehabilitation fo-
cuses on pain and swelling management, restoration of
range of motion, quadriceps recruitment, and normalizing
gait mechanics. Once an athlete meets these goals, they can
begin a periodized resistance training program. To deter-
mine the appropriate load for an exercise prescription, clin-
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icians must establish a one-repetition maximum (1RM) for
each exercise. Injured or healing tissues pose a challenge
to determining 1RMs when they require limited loading.!3
Indeed, for most sports disciplines, make it extremely dif-
ficult for strength and conditioning coaches and physical
therapists to adopt this classic and theoretical method used
with healthy athletes to those recovering from injury or
surgery.1415

The injury-induced reduction in physical and mental
function associated with sports training and competition
infers that it is illogical that a single recovery strategy and/
or a generic one-size-fits-all approach would address a
player’s recovery requirements. Alternatively, a framework
where strategies are sequenced systematically at indepen-
dent time points to match the source of physiological
stress, alongside consideration to favorable adaptation
might be a preferred approach in sports.1¢

From a practical standpoint, monitoring athletes using
a battery of tests (Y-Balance test, hop tests, etc.) which
best correlate to actual sports performance and RTS after
injury is much more important than following theoretical
concepts, which subjectively state that form might be pre-
dictable and controlled.1? With this simple and applied
thought, strength and conditioning coaches and rehabili-
tation specialists may select better ways to control fluctu-
ations in the competitiveness of individuals and teams, in
addition to the already well-established variations in tra-
ditional training components (i.e. volume and intensity).
Monitoring will help physical therapists and coaches to de-
tect unexpected adaptations in the athletes’ fitness traits
and adjust rehab and training loads according to these mea-
sured responses.!8 In this regard, the use of validated
methods for daily assessment (like GPS) of the internal
training loads might be a useful strategy to quantify/modu-
late training intensity and its respective dose-response re-
lationship with the specific changes in physical and mental
qualities and quantities (cognitive load and fatigue assess-
ment).19

THE NEUROCOGNITIVE MESOCYCLE: THE
MISSING LINK IN ACL PERIODIZATION

ACL rehabilitation is a complex and multifaceted process
involving physiological and psychological parameters
which need to be constantly evolving to optimize individual
athlete recovery needs and physiological adaptation.2Y The
relative importance of recovery versus adaptation will vary
according to the needs of the athlete within the context of
the procedure. This raises the idea of using rehab strategies
in a manner that is periodized to mirror the demands of the
sport, and to adequately recover from the stress, but also
consider the need for an adaptive response. Sports injury
rehabilitation must move beyond the traditional emphasis
on mechanics and muscle strength and consider the need
to address nuanced sensorimotor control deficits to ensure
complete recovery and readiness for RTS demands.2! ACL
injuries during sport are predominantly non-contact, sug-
gesting injury may be a product of sensorimotor errors that
result in a neuromuscular control fault unable to accommo-

date deleterious joint loading.22 Further, the vast majority
of non-contact injury events occur while athletes are cog-
nitively distracted, attending to complex visual demands or
environmental stimuli, suggesting that neural mechanisms
may directly contribute to the athlete’s ability to safely in-
teract with the dynamic sport environment.23 Neurocog-
nitive tasks, such as those measuring reaction time, pro-
cessing speed, visual memory, and verbal memory, are well
established in the neuropsychology literature as indirect
measures of cerebral performance.

Situational awareness, arousal, and attentional re-
sources of the individual may influence several areas of
neurocognitive function, affecting the complex integration
of vestibular, visual, and somatosensory information
needed for neuromuscular control.24 Neuroplasticity
deficits following ACL injury and surgery may at least in
part be caused by physiotherapy protocols that do not en-
gage differential learning and dual-tasking during (engag-
ing more demanding aspects of the cognitive arsenal) exer-
cises.

Over the course of rehabilitation following ACLR, ex-
citability of the motor cortex for quadriceps contractions
decreases, at least partially from the lack of differential ex-
ercise approaches that do not force the motor cortex to
reintegrate the memory trace for quadriceps motor control
before each repetition and action.2526 Neurophysiological
data across the stages of rehabilitation are lacking. Neu-
roimaging has been used to quantify brain activation dif-
ferences between subjects with ACL deficiency who did not
return to previous levels of physical activity and a healthy
control group.2” In this phase, patients will focus on sport-
specific exercises that are intended to be extremely chal-
lenging both physically and cognitively while performed in
a controlled environment. All of the previously mentioned
multimodal tasks can be implemented with a major fo-
cus on motor learning, cognitive loading and sensory re-
weighting that are real-to sport and require quick decision
making from unanticipated events.28,29

CONCLUSION

Sports rehabilitation specialists especially physical thera-
pists and sports medicine physicians should have a basic
understanding of periodization theory. Such an under-
standing can help sport medicine teams to better interact
with the competitive mindset of athletes, their coaches, and
their goals. A basic understanding of periodization theo-
ries and models may help sports rehabilitation specialists
to skillfully plan rehabilitation programs that then progress
toward the realization of the patients’ treatment goals.
With recent evidence in support of neurological contri-
butions to ACL injury and rate of recovery, rehabilitation
protocols may benefit from incorporation of approaches
that target the sensorimotor and cognitive system. Peri-
odization can incorporate the integration of motor learning
principles (external focus and differential learning, antici-
pation, and reaction) and/or new technologies may bolster
current ACL rehabilitation protocols and improve patient
recovery and timing. Research has traditionally focused on
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administering a single rehab intervention whereas, in the
applied setting, athletes are more likely to administer mul-
tiple interventions in varying sequences. Future research
using robust rehabilitation technique protocols and large-
scale randomized control trials is needed to better under-
stand the influence of various techniques and the appli-
cation of periodization concepts on the
stress-injury-adaptation continuum.
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