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A B S T R A C T

Patellofemoral pain (PFP) is a common overuse condition seen in high-volume runners, such as military recruits.
Exercise is commonly prescribed, with benefit, for the rehabilitation of individuals with PFP. However, a sub-
stantial number of individuals with the condition do not achieve an optimal outcome, suggesting the condition
can be difficult and complex. Given the challenging nature of the condition, and the risk of developing PFP in
high-volume runners, it seems logical to investigate options for injury prevention. Eccentric exercise has been
useful in the prevention of some pathologies so its utility in preventing PFP should be explored. Current evidence
regarding prevention programs for PFP are limited. Preventative exercise programs for PFP have not been well
described or reported, and questions remain regarding their effectiveness. Based on available evidence or lack
thereof, and known physiological and clinical effects of eccentric exercise, suggestions for integration of eccentric
exercise into PFP prevention programs are offered. Eccentric exercise may be useful for PFP prevention from a
theoretical framework however additional longitudinal cohort studies would be useful in determining its utility.
Background

Patellofemoral pain (PFP) is a common overuse knee condition seen
in runners. The etiology of PFP remains unclear but a number of modi-
fiable and non-modifiable factors likely contribute to altered stress at the
patellofemoral joint.1,2 Interestingly, incidence rates in military recruits
who notoriously are exposed to high-volume running programs, range
from 9.7 to 571.4/1000 person years, with a point prevalence of 13.5%.3

Given the high proportion of people with the condition, further inquiry
into the prevention of PFP is warranted.

PFP may be related to decreased force production in the knee ex-
tensors and hip abductors, with eccentric contractions more prominently
occurring during functional activities.1 Specific to military recruits,
quadriceps weakness may serve as a risk factor for developing PFP.2

Some individuals with PFP have displayed significant hip abduction and
knee extension eccentric strength deficits when compared to healthy
individuals.4 Nakagawa et al. discussed the role of eccentric quadriceps
loading to dissipate force during the loading response phase of
weight-bearing activities in order to properly control knee flexion.5 In-
dividuals experiencing PFP may avoid eccentrically loading their hip
abductors and knee extensors due to weakness or to minimize pain. This
can be problematic, as it may lead to muscle performance deficits,
compensatory body mechanics during weight-bearing activities and
subsequently exacerbate symptoms.1 Neuromuscular control deficits are
a critical component of the aforementioned compensatory movements,
which can be reduced by improving muscle morphology and neural ac-
tivity.6 Importantly, rehabilitation of individuals with PFP should be
based on individual clinical findings, as patellofemoral morphology and
structural abnormalities on imaging are not consistently correlated to
symptoms.7,8

Eccentric exercise (EE) has been well-described in the rehabilitation
of conditions such as tendinopathy, but may also be helpful in the
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prevention of some injuries. For example, assuming good compliance,
multifaceted programs including EE are beneficial in preventing
hamstring strains.9 EE may also be a beneficial component of anterior
cruciate ligament tear prevention, although its isolated use in prevention
is not well described.10 These reports suggest there may be a protective
effect of eccentric exercise in hip and knee injuries, so its application for
the prevention of PFP may be reasonable.

Although recent studies support the use of exercise in treating PFP,
there is little evidence regarding the effectiveness of exercise in the
prevention of PFP. The purpose of this paper is review available evidence
and discuss the possible role of eccentric exercise training in preventing
patellofemoral pain, particularly as it relates to high-volume runners
such as military recruits.

Exercise prescription for patellofemoral pain management

In the simplest terms, overuse conditions develop when tissue ca-
pacity is exceeded by the activity demand (Fig. 1). Exercise has been
strongly recommended to manage PFP, with hip and knee directed in-
terventions generally recommended over knee interventions alone.1,11

Despite its high incidence and strong evidence in favor of exercise, PFP
can be challenging to manage. One study using a 5–8 year follow up
noted 57% of respondents with PFP reported an unfavorable outcome.12

The authors noted higher self-reported disability and longer symptom
duration correlated to worse long-term outcomes. Additionally, a number
of psychosocial factors and altered central pain processing may play a
role in symptom persistence and difficulty in managing the
condition.13,14

A common approach to manage PFP is to reduce altered patellofe-
moral joint loading. Individuals with PFP typically complain of symp-
toms in positions of loaded or weight-bearing knee flexion, where
compressive load of the patellofemoral joint is increased.15 A recent
il 2021
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Fig. 1. Interplay between tissue capacity and activity demand in over-
use conditions.
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consensus statement offered a thorough biomechanical framework for
the pathomechanical variables involved in PFP.16 Underlying this
biomechanical framework is the idea that altered kinetics and kinematics
are causative variables in PFP. Theoretically, it would make sense that
excessive femoral adduction and internal rotation or impaired muscle
activation patterns may lead to aberrant stress patterns at the patellofe-
moral joint, subsequently leading to symptoms. Biomechanical impair-
ments in proximal and distal factors have led to numerous studies
investigating interventions such as hip and knee exercises and orthotic
prescription to manage PFP.

Although altered kinematics and physical impairments at the body
structures and function level can contribute to symptoms in persons with
PFP, pain and self-reported disability are not always correlated to
patellofemoral joint loading.17 While targeted interventions to normalize
biomechanical faults can be helpful in managing symptoms,18,19 the
complex presentation of PFP coupled with the high proportion of
persistent symptoms suggests continued investigation into best practice
in this population is warranted. As noted previously, EE has been helpful
in reducing the frequency of soft tissue injuries in some cases. Although
the mechanisms behind injury prevention are numerous, it is possible
that eccentric loading increases tissue capacity to sustain greater strain
before failure.20 Few studies have investigated interventions to prevent
the development of PFP or other joint related pathologies. In studies
offering exercise for PFP prevention thus far, a lack of appropriate
reporting makes it difficult to determine which exercises were offered, if
the dosage was sufficient, or if participants would benefit from exercise
alone. Prior to identifying the clinical utility of EE in the prevention of
PFP, a review of relevant physiological mechanisms of EE is warranted.
Physiological mechanisms of eccentric exercise

To truly understand the potential benefit of eccentric exercise in the
prevention of PFP, it would help to understand the physiological mech-
anisms of EE. By definition, eccentric muscle contraction is muscle ac-
tivity that occurs when the force applied to the muscle exceeds the
momentary force produced by the muscle itself.21 The result is a
lengthening action from work being done on the muscle, or ‘negative
work’, and this absorbed mechanical energy can either be recovered and
added to a subsequent concentric muscle contraction or be dissipated as
heat.21 It is hypothesized that eccentric muscle contractions elicit novel
acute and chronic adaptive responses, compared to concentric or iso-
metric contractions, due to its impact on a number of physiologic
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variables.21,22 When chronically performed, the manifestations of these
physiological adaptations include greater gains in strength, muscle mass,
and neural adaptations23–25 that could make it a valuable component for
prevention programs.

EE has been shown to elicit increased force output at a lower level of
activation for a given angular velocity when compared to concentric and
isometric contractions.25,26 While the exact mechanisms underpinning
this increase in force production during EE are unclear, it has been hy-
pothesized that the increase is mediated by increases in both the strain
and number of attached cross-bridges.21,27 Unlike concentric and iso-
metric contractions during which only one myosin head is bound, the
increased strain on a single myosin head during eccentric lengthening
may enable activation of a second myosin head, leading to twice the
number of active cross-bridges,21 and thus greater force production ca-
pabilities. Additionally, previous research suggests that the hypertrophy
adaptation to chronic eccentric training may be mediated by modifica-
tions of gene expression, resulting in both higher satellite cell activity and
greater anabolic signaling.21,25 Satellite cell proliferation increases the
capacity for protein synthesis and allows for hypertrophy to occur.28 This
increase in satellite cell activity was found to occur in type II fibers after a
maximal eccentric effort.21

Differing morphological adaptations of skeletal muscle eliciting hy-
pertrophy have also been demonstrated following eccentric compared to
concentric training.23,29 Specifically, eccentric training has shown to
result in greater increases in fascicle length mediated by an addition of
sarcomeres in series when compared to concentric training, while
concentric training has shown to result in greater increases in pennation
angle mediated by addition of sarcomeres in parallel.23,29 While both
modes of resistance training may produce similar increases in hypertro-
phy, these differences in architectural adaptations suggest that structural
remodeling is mode specific.29 The increase in fascicle length due to EE
may alter muscle function due to influences on force-velocity and
force-length relationships, ultimately influencing muscle perfor-
mance.29,30 Specifically, it is hypothesized the increase in muscle fiber
length results in an increased maximal shortening velocity of the mus-
cle.31 Furthermore, the addition of sarcomeres in series and thus fascicle
length has been suggested to act as a protective mechanism from future
bouts of eccentric contraction muscle damage and soreness due to this
shift in the length-tension relationship.29,32

Given its importance to the muscle-tendon unit, morphological
changes of tendinous tissue during exercise should also be considered.
Resistance training has been associated with changes in tendon stiffness
and modulus.33,34 The degree of adaption is thought to be dependent on
the magnitude of strain35 and since EE elicits greater force output than
other modes of contraction, it is logical that EE may promote these
structural changes compared to other modes by affording greater loads
on the tendon. Enhanced tendon capacity through strength training in
healthy individuals may offset the demand placed on muscular tissue
during activity, thereby reducing overuse risk, although additional
research into this area is warranted.

While eccentric contractions produce more force than concentric or
isometric contractions, they also have lower metabolic requirements
resulting in the ability to perform EE with less energy costs for higher
mechanical loads.36 Thus, with eccentric programs, it may be possible to
obtain higher session workloads, with less fatigue. Eccentric contraction
uses typically four times less metabolic power to produce a given amount
of negative mechanical power.25,36 It is hypothesized that the mechanism
eliciting lower metabolic requirements is that the cross-bridges do not
complete a full cycle during eccentric contractions. Instead, they remain
in an active state until they are forcibly detached and rapidly re-attached,
requiring less ATP to maintain force.27 Outcomes such as decreased
muscle fiber fatigability, blood lactate accumulation, energy expendi-
ture, and carbohydrate oxidation, lower perceived exertion, and higher
fat oxidation have been shown to be a result of the lower metabolic costs
during EE when compared to concentric exercise.21,25 At the same ab-
solute torque output, EE has also been shown to result in less
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cardiovascular demand (as measured by heart rate, mean arterial pres-
sure, rate pressure product, systolic blood pressure, and diastolic blood
pressure)37 making it applicable for a variety of populations. It should be
noted that while in-session fatigue during EE may be lower than other
contraction types, higher energy expenditure has been shown to occur
following EE for up to 48–72 h, hypothesized to be a result of the muscle
damage that occurs during EE,21 making adequate recovery periods be-
tween EE training a critical component of program design.

Compared to other contraction types, the neural strategies controlling
eccentric contractions have shown to be unique, including a decrease in
the number and size of motor units required during recruitment and
lower and more variable motor unit discharge.6,25 The greater force
production capabilities with eccentric contraction, as previously
mentioned, mean that fewer numbers of motor units are required for a
given load.21 Additionally, the motor unit discharge rate has been sug-
gested as the primary contributor to increases in strength following
eccentric training.22 While the mechanisms behind these strategies are
not completely understood, research suggests it involves a combination
of supraspinal and spinal factors.38 When compared to concentric con-
tractions which appear to rely more on spinal-reflexive mechanisms,
eccentric contractions have demonstrated production of greater excit-
ability of the motor cortex.6 This increase in cortical excitability occurs to
counteract the inhibition at the spinal cord level, ultimately allowing the
eccentric contraction to occur.6 Considering these physiological mecha-
nisms at local, spinal and supraspinal levels, EE may play an important
role in improving tissue capacity for activity.

Eccentric exercise in the prevention of patellofemoral pain

Injury prevention is an important field, but is of particular importance
for populations at high-risk for developing overuse conditions. In the
military population, knee overuse injuries are the most common muscu-
loskeletal conditions treated and contribute a significant amount of missed
training time and treatment cost.39 One study reported that among 449
trainees participating in Naval Special Warfare training, PFP accounted for
9.4% of reported injuries.40 There are several possible factors that may
contribute to the development of PFP, such as overtraining without proper
rest, change in training habits, altered biomechanics, and decreased
strength.1,41 Pragmatically, offering formal individualized running anal-
ysis and subsequent targeted intervention in the prevention in PFP to all
military members or high-volume runners is unrealistic. Identification of
methods to increase strength to accommodate to the rapid increase in
training could potentially reduce the incidence of overuse injuries. Using a
low-cost program that can be widely used and adapted as necessary for
specific task performance would be ideal.

Although strength deficits and pain are commonly correlated in PFP,
causal relationships have not necessarily been established, further
complicating the prevention and management of the condition.1,39 To
minimize time lost, militaries have worked to create screening methods
to predict musculoskeletal injuries, such as PFP, as well as interventions
to prevent them. Thus far, programs involving hip and knee strength-
ening have produced functional improvements and pain reduction in
those with PFP, as well as a decreased prevalence among military re-
cruits.39 Other studies examining the role of strengthening the hip and
knee musculature in the management of patients with PFP have found
similar results, suggesting that this may be an effective intervention for
improving pain and function for these patients.42,43 Considering that it is
unclear whether pain or strength deficits occur first, it is possible that
strengthening could be utilized in a preventative manner for those
participating in intense physical activity, such as high-volume runners
and military recruits.

If strengthening the hip and knee musculature may be preventative
for PFP, the optimal exercise prescription should be considered. As dis-
cussed earlier, eccentric training provides certain benefits over other
types of muscle contraction.44,45 Higher muscular forces can be produced
during eccentric contractions, these contractions produce less fatigue and
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are more metabolically efficient. Because of the increased forces gener-
ated during this type of exercise, as well as the unique neural adaptations,
greater strength gains are achieved via eccentric training and may be
preferred in prevention programs emphasizing strength develop-
ment.44,45 Although training specificity should guide prevention pro-
tocols, Table 1 presents a number of possible exercises for high-volume
runners which may increase tissue capacity and attenuate the substan-
tial stress occurred in training. In the table presented, which is not
intended to be prescriptive for all populations, activities in a prevention
program might include a mixture of weight bearing and non-weight
bearing activities that facilitate functional and isolation-based muscle
recruitment of muscles commonly implicated with PFP. When consid-
ering the non-weight bearing exercises depicted in Table 1, the eccentric
muscle demand may appear relatively low, although electromyographic
(EMG) activity may be high, which can be helpful when initiating pro-
grams.46 Increased participant effort and muscular output can be created
by adding external load (e.g. leg weight or cable column), or having a
partner add manual resistance. Specific exercise prescriptions will
depend on the specific individual's ability and goals, and the American
College of Sports Medicine has developed progression models for
guidance.47

Although symptoms of PFP tend to be localized to the knee, it is
important to have good muscle performance through the entire leg when
trying to minimize the risk of developing the condition. Recruiting
muscle groups while trying to minimize compensation can be more easily
achieved in non-weight bearing positions. Replicating necessary muscle
activity in positions of less demand may be a good starting activity. For
example, in the presence of substantial gluteus medius weakness leading
to pelvic drop in stance, frontal plane recruitment in non-weight bearing
seems appropriate. In this case, side-lying hip abduction has considerable
EMG recruitment, and may serve as a precursor or adjunct to other ac-
tivities.46 Though particular muscle group recruitment can be helpful, an
emphasis should be placed on weight bearing, single limb and dynamic
exercises to replicate the demands of running. Eccentric moments of the
gluteal, quadricep and hamstring muscles in varying angles of knee
flexion are common,15 and should be incorporated in prevention
programs.

While a theoretical framework regarding the role of eccentric
strength training and the prevention of PFP is presented, available evi-
dence describing effective implementation of EE for preventing PFP is
scarce. However, there is support regarding the management of the
condition, as well as the contributing factors, that suggests that this type
of training could theoretically have a preventative role. The active pop-
ulation and military recruits share a similar mechanism of injury in
which tissue capacity is exceeded by activity demands, usually in a rapid
fashion without appropriate rest.41,42 If strength deficits and biome-
chanical abnormalities could be addressed prior to engaging in this type
of activity, or at least concurrently, then it is reasonable that strength
training could be used in a targeted and specific manner toward pre-
vention. Considering the eccentric role of the musculature involved in
running, as well as the supported benefits of eccentric strength training, it
is appropriate to incorporate this type of training when addressing
strength deficits in persons with PFP. The authors of this commentary
hope additional investigation into optimal prevention interventions is
pursued.

Conclusions

High volume runners frequently suffer from overuse musculoskeletal
disorders such as PFP. With PFP, numerous muscle performance im-
pairments have been linked to the development and persistence of
symptoms and exercise is frequently effective in the management of the
condition. Eccentric exercise, from a theoretical construct, appears to be
useful in building tissue capacity to prevent overuse conditions such as
PFP, although well-performed prospective studies are required to
confirm or deny its effectiveness.



Table 1
Suggested exercises for eccentrically loading muscles implicated in patellofemoral pain.

Exercise Technique Functional Relevance

NON-WEIGHT BEARING TASKS
Quadruped Alternating
Upper and Lower
Extremities

Stabilizing body on hands and knees, participant slowly
raises one arm and the opposite leg
Emphasis is placed on avoiding excessive lumbopelvic
rotation

Facilitates proximal stability while reciprocal
extremity motion is present, as is noted with
running

Single Leg Bridge Laying on back, training leg bent and contralateral limb
straight
Participant raises trunk from table and slowly lowers back
to the bed

Recruits gluteal muscles and quadriceps in
training limb
Recruits quadriceps on contralateral limb

Side-lying Hip Abduction Laying on side, participant raises training limb towards
ceiling
Care is taken to avoid excessive lumbopelvic rotation or
hip flexion
Limb slowly lowered back to the table

Electromyography activity of the gluteus medius
is high
Strengthens muscles involved in frontal plane hip
and pelvic stability

Straight Leg Raise Laying on back, contralateral knee bent
After isometrically activating the quadriceps to keep a
straight leg, the limb is raised and slowly lowered down

Isolation exercise of the quadriceps
Various muscle activity (isometric, concentric,
eccentric) similar to functional tasks

WEIGHT-BEARING TASKS
Double Leg Squat Standing equally on both legs, the participant slowly

lowers their body towards the ground
Eccentric loading of the quadriceps to build
strength while replicating the loading phases of
running gait

Hip Hikes Standing on the training limb, keeping the knee relatively
straight, the participant slowly lowers the contralateral
limb towards the floor
Emphasis is placed on avoiding transverse plane
deviations

Eccentrically activating the gluteus medius in
stance
Replicates stance phase gluteal activity of
walking and running gait

Single Leg Deadlift Standing on training limb with knee slightly flexed
Without changing knee angle, participant slowly lowers
trunk towards the floor while the contralateral limb moves
back to counterbalance

Emphasizes stance limb stability
Eccentrically recruits gluteal and hamstring
muscles

(continued on next page)
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Table 1 (continued )

Exercise Technique Functional Relevance

Single Leg Squat Standing on the training limb, the participant slowly
lowers their body
Emphasis is placed on avoiding excessive frontal plane
deviation of the trunk or femur

Eccentrically activating the quadriceps
Self-awareness of frontal plane control
Replicates position of foot strike through stance

Single Leg Squat with
Resistance for Hip
External Rotation

Start in single limb stance with resistance band around
knee
Participant slowly squats down maintaining neutral knee
position, avoiding frontal plane deviation

Eccentric quadriceps loading
Resistance facilitates co-contraction of proximal
muscles active during stance phase of running
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