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ABSTRACT

The benefits and proposed physiological mechanisms of eccentric exercise have previously been eluci-
dated and eccentric exercise has been used for well over seventy years. Traditionally, eccentric exercise
has been used as a regular component of strength training. However, in recent years, eccentric exercise has
been used in rehabilitation to manage a host of conditions. Of note, there is evidence in the literature sup-
porting eccentric exercise for the rehabilitation of tendinopathies, muscle strains, and in anterior cruciate
ligament (ACL) rehabilitation. The purpose of this Clinical Commentary is to discuss the physiologic mech-
anism of eccentric exercise as well as to review the literature regarding the utilization of eccentric training
during rehabilitation. A secondary purpose of this commentary is to provide the reader with a framework
for the implementation of eccentric training during rehabilitation of tendinopathies, muscle strains, and
after ACL reconstruction.
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INTRODUCTION

Over approximately the last fifteen years, use of
eccentric exercise in rehabilitation has increasingly
gained attention in the literature as a specific training
modality. That being said, the concept of eccentric
exercise is not new. To the authors’ knowledge, the
earliest investigation of eccentric versus concentric
exercise was published in 1938." Eccentric exercise
has been primarily described in the rehabilitation lit-
erature describing the management of tendinopa-
thies. However, evidence is mounting to support its
use in the treatment of muscle strains, with most of
the rehabilitation literature relating to the use of
eccentric training in rehabilitation after hamstring
injuries. Finally, eccentric training has been used in
recent years as a part of rehabilitation following ACL
reconstruction. The purpose of this clinical commen-
tary is to present the physiologic basis for eccentric
exercise and to discuss the evidence in support of
eccentric exercise in the management of patients
recovering from tendinopathies, muscle strains, and
ACL reconstructions. Additionally, suggested imple-
mentation of eccentric exercise in the management
of these conditions will be highlighted. Although
important to the clinician, the causes of these injuries
as well as the mechanisms and origins of pain associ-
ated with these injuries are beyond the scope of this
commentary. Further, other interventions used typi-
cally with these conditions such as stretching and
modalities will not be discussed. It is important to
note that although the focus of this commentary
details the benefits of eccentric training, it is the
authors’ suggestion that a comprehensive rehabilita-
tion approach include both concentric and eccentric
training. It is not the authors’ intent to advocate exclu-
sive use of eccentric training, but rather to point out
the investigated benefits of and utilization of eccen-
tric exercise as a part of a comprehensive rehabilita-
tion program.

PHYSIOLOGY OF ECCENTRIC EXERCISE

During voluntary contraction of a muscle, speed of
contraction and ability to exert tension are inversely
related. The faster a muscle contracts concentrically,
the lower the tension it is able to generate.! Tension
in muscle fibers when lengthening is considerably
greater than when muscle fibers are shortening.**
During negative work (eccentric exercise), the

oxygen consumption rarely rises to more than twice
the resting value.>® Previous studies have shown that
when a muscle is eccentrically lengthened, the energy
requirement falls substantially in comparison to con-
centric contractions because ATP breakdown and
heat production are both slowed.*'® Bigland-Ritchie
et al" found: 1) less muscle activity was required to
maintain the same force during negative work, 2)
fewer muscle fibers were required to exert a given
force, and 3) there was a substantial reduction in oxy-
gen uptake when fibers were eccentrically length-
ened. Furthermore, with increased heat generation
during concentric/positive work, there is a concur-
rent increase in cellular metabolism. Thus, more
waste products will be generated with concentric
work, potentially leading to chemical irritation of
nerves and eventually pain. Abbott et al® measured
oxygen uptake in subjects during bicycle ergometry.
Positive work (concentric exercise) resulted in more
oxygen consumption than negative work. Abbott and
others® then performed a follow up study examining
the relationship between oxygen consumption and
work. Oxygen consumption was nearly three times
larger at great force and low speed than at small force
and high speed. The above studies show that eccen-
tric exercise results in less oxygen consumption,
greater force production, and less energy expenditure
than concentric exercise.

TENDINOPATHY

Tendon injuries account for 30-50% of injuries in
sports.'? Specifically, chronic problems caused by
overuse of tendons result in 30% of all running-related
injuries, and elbow tendon injuries can be as high as
40% in tennis players.!® Incidence of patellar tendi-
nopathy is reported to be as high as 32% and 45%
in basketball and volleyball players, respectively.!*
Tendon pathologies not only lead to lost time and per-
formance declines in sports, but also can result in
long term damage to tendons that can affect daily
function.

REVIEW OF LITERATURE: ECCENTRIC
TRAINING IN TENDINOPATHY

Many studies recently have substantiated eccentric
exercise as an effective treatment for tendinopathies.
Eccentric training may be effective for tendinopa-
thies based on work by Williams'> who found that
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oxygen consumption is seven and a half times lower
in tendons/ligaments than in skeletal muscle. A low
metabolic rate and anaerobic energy generating
capacity are needed to carry loads and maintain ten-
sion for long periods as is typical of tendons. How-
ever, the low metabolic rate results in slow healing
after tendon injury. Based on data presented previ-
ously on the physiology of eccentric work requiring
less oxygen consumption than concentric work,
eccentric training may be ideally suited for the reha-
bilitation of tendinopathies.

In 1998, Alfredson'® performed, to the authors’
knowledge, the first study investigating the effects
of eccentric exercise on diseased tendons. The pro-
tocol utilized has since been used in most studies on
eccentric training. In a prospective study of 15 ath-
letes with chronic achilles tendinosis, three sets of
15 repetitions of bent knee and straight knee calf
raises were performed, twice a day, seven days per
week over 12 weeks. Athletes were told to work
through pain, only ceasing exercise if pain became
disabling. Training load was increased in 5 kg incre-
ments with use of a backpack that allowed for the
addition of the weight once training with bodyweight
was pain free. All fifteen athletes returned to pre-
injury levels of activity. Additionally, they had a sig-
nificant decrease in pain with a significant increase
in strength.

Positive changes in tissue structure and mechanical
properties as a result of eccentric training have been
previously described. Shalabi et al'” evaluated 25
patients with chronic achilles tendinopathy before
and after an eccentric program using the Alfredson
et al'® protocol. Subjects’ tendon volume and intra-
tendinous signal were measured via magnetic reso-
nance imaging (MRI). Eccentric training resulted in
decreased tendon volume and decreased intratendi-
nous signal, which correlated to improved pain and
subjective performance.. Reduction in fluid content
within the tendon may suggest increased healthy
collagen deposition. Langberg et al'® found that Type
I collagen synthesis increased after eccentric train-
ing in a group of twelve soccer players with unilat-
eral achillestendinosis, offeringa possible explanation
for the mechanism of tendon healing. Ohberg et al**
also found a decrease in tendon thickness and nor-
malized tendon structure measured by ultrasound

in most patients, both of which correlated with less
pain, in a group of subjects with chronic Achilles
tendinosis who were trained using the Alfredson
et al'® eccentric calf protocol. Mahieu et al*® found
that eccentric training of the plantar flexors resulted
in positive changes to the mechanical properties of
the plantar flexor muscle-tendon tissue including
passive resistive torque, dorsiflexion range of motion,
and stiffness.

Several authors have conducted studies that support
the use of eccentric exercise in the treatment of a
variety of tendinopathies. Jonsson and Alfredson?
studied athletes with jumpers knee (patellar tendi-
nopathy) who were randomized into either an eccen-
tric or concentric exercise group and treated for 12
weeks. At mean follow-up of 32 months, the eccen-
tric exercise group was still satisfied subjectively and
“sports active”, although it was not specifically stated
whether they returned to sport or not. Subjects in
the concentric exercise group had undergone sur-
gery or sclerosing injections. In another study of
elite volleyball players with patellar tendinopathy,
Young et al** found that subjects improved from
baseline at 12 weeks and 12 months. In contrast,
Visnes et al® found no effect of eccentric training on
jumper’s knee in volleyball players during the com-
petitive season. The lack of results from eccentric
training in this study may be due to the fact that ath-
letes continued to participate in volleyball during
the competitive season. Because rest is often advo-
cated as a component of rehabilitation, failing to
cease the aggravating activity may have perpetuated
their injury and contributed to the lack of results.

Systematic reviews of literature by Wasielewski &
Kotsko*!, as well as Kingma et al®*® examined the
effects of eccentrics in reducing pain and improving
strength in subjects with lower extremity tendinosis
and chronic achilles tendinopathy, respectively.
These reviews revealed that eccentric exercise may
reduce pain and improve strength in patients with
lower extremity tendinopathies, but whether it is
better than other forms of rehabilitation has yet to
be determined. Therefore, no definitive conclusions
can be made regarding whether or not the perfor-
mance of eccentric exercise alone is superior to con-
centric-eccentric training or concentric-minimized
training.

The International Journal of Sports Physical Therapy | Volume 6, Number 1 | March 2011 | Page 29




IMPLEMENTATION OF ECCENTRICS IN
REHABILITATION OF TENDINOPATHIES
Regardless of the involved tendon, load and volume
of exercise should be progressed gradually and
should be dictated by the amount of pain experi-
enced by the athlete. Because the athlete is recover-
ing from injury, the authors of this commentary
advise that training load not be determined by a one
repetition maximum (1 RM). Further, some of the
exercises are for targeted muscle groups (elbow
extensors for elbow injury) and determining a 1 RM
is not practical or advised. The Alfredson et al'® pro-
tocol has been used in previous studies and appears
to be a safe, effective method of implementing the
eccentric training program for tendinopathies. Unfor-
tunately, the Alfredson protocol was described for
and used in the treatment of achilles tendinopathies
and their exact recommendations may not be appro-
priate for all tendons or regions. The clinician may
use the protocol for an example of volume and fre-
quency of training, but in lieu of added weights to a
backpack, adding weights to a leg press or using vari-
ous resistances of ankle weights and dumbbells
would seem appropriate. For tendinopathies in the
shoulder, elbow, or hand, increases by five-kilogram
increments is likely inappropriate and resistances
should be adjusted accordingly.

Curwin? has previously proposed a method to deter-
mine training load in eccentric training for tendon
injuries that is based on number of repetitions com-
pleted and the amount of pain experienced. One sig-
nificant difference between Curwin’s and Alfredson’s
programs is that the athlete performs both the con-
centric and eccentric portion of the exercise in Cur-
win’s program, with the eccentric portion being
performed faster. Alfredson encouraged a slow, 3-4
second eccentric contraction. In Curwin’s protocol,
they suggest that the athlete should experience pain
and fatigue between 20 and 30 repetitions at a given
load, when performing three sets of 10 repetitions.
Their rationale for experiencing pain is based on the
premise that exercise load should be determined by
the tendon tolerance, which is indicated by pain
experienced during the exercise. Curwin and Stan-
ish determined empirically that pain felt before
20-30 repetitions would likely be accompanined
by worsening of symptoms. Pain felt before that
range is generally accompanied by worsening of

symptoms and either load or speed is of contraction
should be decreased. If there is no pain after 30 rep-
etitions, the stimulus is inadequate. Either load or
the speed of exercise performance shouldbe increased,
but not both simultaneously. Pain experienced dur-
ing the exercise protocol should be similar to the
pain experienced during the athlete’s functional
activity with an acceptable, moderate increase from
that point on in the program. During the first ses-
sion, load is increased until symptoms appear. After a
general warm-up (bike, upper body ergometer), ath-
letes perform two 30 second stretches of the involved
muscle group.

Based on the clinical experience of the authors and
Ratamess and others,? it is recommended that 6-12
repetitions over four sets be completed to empha-
size strength in the muscle-tendon complex. The
athletes use the load from the six repetition resis-
tance and build up to twelve repetitions prior to
increasing load again. Anecdotally, the authors have
found this method to be progressive, yet safe, with
less overall volume to help enhance recovery. Addi-
tionally, the authors advocate three to four sessions
per week instead of every day. The authors propose
that “heavy load” is a misnomer in the Alfredson
et al'® study because the volume of exercise is rather
high and the load is low given the amount of exer-
cise that is tolerated by the athletes. Ultimately how-
ever, dosing must be based on tendon reactivity and
patient response.

The authors suggest having the clinician or athlete
perform the concentric portion of the exercise pas-
sively or with the assistance of the uninvolved limb
during closed chain exercises, followed by having
the athlete perform the eccentric portion of the exer-
cise independently. Based on clinical experience,
the authors propose that the concentric portion of
the exercise can be attempted without assistance
once non-sport activities, like walking and stair
climbing, are pain free. As with eccentric exercise,
progression of the concentric portion of exercise
should involve a gradual increase. Once the concen-
tric portion of exercise is pain free, the authors sug-
gest that athletes can begin jogging or more sport
specific activities. A progression from individual
drills to team activities is a disciplined way to rein-
troduce an athlete to their chosen sport. If they have
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pain, they should return to the previous regimen
until they are pain free. A cool down activity (i.e
recumbent bike) followed by stretching of involved
muscles should follow the program. Although
Thacker and others® have found that there is insuf-
ficient evidence to support pre- or post-exercise
stretching, lack of musculotendinous flexibility is a
common finding in chronic tendinopathies®”” and
should be a part of the program if identified. Ice to
the affected area is advised to limit post-exercise
pain and potential inflammation. Athletes should be
warned that eccentric exercise may make them sore
initially, and that this is to be expected. Although
the above recommendations are anecdotal in nature
and reflect clinical experience, the authors of this
review have had success with the combined stretch-
ing and icing approach.

HAMSTRING STRAIN

Most of the literature on muscle strains revolves
around injuries to the hamstring muscle group, there-
fore, they will be the focus of this section. The reader
is directed to the review by Hibbert et al** on the
effectiveness of eccentric strength training for the
prevention of muscle strains.

Hamstring strains are among the most common inju-
ries sustained by athletes.*** Hamstring muscle
strains are currently the most common injury in pro-
fessional soccer® and they account for 29% of inju-
ries in track and field sprinters.*® They are common
in sports that require maximum sprinting, kicking,
acceleration, and change of direction.* The average
amount of time lost from competition and training is
18 days,*” but has also been reported to vary between
8 and 25 days.* Furthermore, athletes must deal with
persistent symptoms and a likelihood of re-injury,
found to be present in anywhere from 12-31% of
those who sustain a hamstring strain.***° Highest risk
of recurrence is within the first two weeks of return-
ing to sport.* Greig and Siegler*? performed an inter-
mittent treadmill protocol to replicate soccer-specific
fatigue. Peak isokinetic eccentric knee flexor strength
was measured at three speeds at the end of a simu-
lated (passive) halftime and at the end of the tread-
mill protocol. Eccentric hamstring strength decreased
with increased work time and after the halftime
interval. Athletes may therefore be at risk of injury

with increased time in competition and shortly after
halftime.

Muscle strain injuries are thought to occur when
muscles are actively lengthened to greater than rest-
ing lengths.*®* The combination of rapid eccentric
contraction with active muscle contraction elsewhere
in the musculotendinous unit can produce mechani-
cal strain leading to muscle injury.** In ball sports,
hamstring injury tends to occur when turning sharply
or cutting, whereas in sprinting the injury occurs
while running at full speed without a change of direc-
tion.?** Because of the biarticular nature of the
hamstrings, they can be vulnerable to injury during
running, cutting, and sprinting; all of which involve
a combination of hip flexion and knee extension,
which maximally lengthens the hamstring group.
Hamstrings have to contract rapidly to generate a
large amount of power.** Several authors have sug-
gested that most hamstring injuries occur during the
late swing and early contact phases of running.*+
Because the biceps femoris has greater lengthening
and electrical activity during the late swing phase of
running,*® it may be more susceptible to injury than
the medial hamstrings. Kouloris and Connell*” found
that biceps femoris strains accounted for 80% of the
170 hamstring injuries that occurred in athletes.
Small et al found that reductions in eccentric strength
occur during later stages of simulated soccer match
play.*® Consequently, greater muscle strength imbal-
ance between eccentric hamstring and concentric
quadriceps strength has also been observed in later
stages of match play or with fatigue.***

Sugiura et al* performed a prospective study of elite
sprinters to determine a relationship between
strength and hamstring injury within 12 months of
testing. This was the first study to examine the con-
centric and eccentric isokinetic strength of the hip
extensors, quadriceps, and hamstrings that reflects
their actions in late swing or early contact. Testing
was performed on 30 male elite sprinters. Injuries
occurred in six subjects. Eccentric weakness of the
hamstrings at 60° per second was found to be a com-
mon factor among those who sustained injuries.
Side to side comparison revealed that the injury
always occurred on the weaker side. Similar find-
ings were elucidated by Orchard et al®® who found
that hamstring muscle injury was associated with low
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hamstring-to-quadriceps ratio at 60° per second on
the injured side and a low side-to-side peak torque at
60° per second in a group of Australian football play-
ers. Therefore, it may be advantageous to include
eccentric training as part of either a training regimen
or rehabilitation protocol to minimize asymmetries
or to help maximize strength gains.

REVIEW OF LITERATURE: ECCENTRIC
TRAINING IN PREVENTION OF

HAMSTRING STRAINS

Small et al*® investigated the effect of eccentric ham-
string strengthening during soccer training. The
objective was to evaluate if there was a difference in
eccentric strength with fatigability and to see if eccen-
tric training would attenuate the effects of fatigue.
Sixteen semiprofessional soccer players completed a
90-minute simulated soccer game. At half time and
at the conclusion of the game, the athletes performed
isokinetic testing at 120° per second for the quadri-
ceps and hamstrings. Two groups of subjects per-
formed the “Nordic hamstring” eccentric exercise
(Figure 1a, 1b) either during the cool-down or the
warm-up period twice weekly during the 8-week
intervention program. The group that performed the
exercise in the cool down period showed significant
increases in eccentric hamstring peak torque and the

Figure 1a, b. Nordic hamstring exercise.

functional eccentric hamstring to concentric quadri-
ceps ratio post-intervention compared to the warm-
up group. Based on the results of this study, eccentric
strength training conducted post-training signifi-
cantly reduced the effects of fatigue. Therefore, per-
forming eccentric training with fatigue may have a
time-dependent beneficial effect.

Askling and others® examined the relationship
between eccentric training and subsequent injury in
elite male soccer players. Thirty players were divided
among two groups, one of which performed eccen-
tric training in addition to the typical soccer team
training 1-2x/week for 10 weeks, while the control
group performed only the team training. Isokinetic
hamstring strength and maximal running speed were
measured in both groups before and after the train-
ing period. Injuries were monitored over 10 months.
The eccentric training group had significantly fewer
hamstring injuries (3/15) compared to the control
group (10/15). In addition, the training group showed
statistically significant improvements in strength
and speed.

Arnason et al*®* compared “eccentric hamstring low-
ers” (Nordic hamstring exercise) to contract-relax
hamstring stretching with incidence and severity of
hamstring strains in professional soccer players. Par-
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ticipants performed one of three interventions: warm
up stretching performed independently with con-
tract-relax stretching, partner-assisted contract-relax
hamstring flexibility exercises, and eccentric ham-
string exercises. The overall incidence of hamstring
strains was 65% lower in the eccentric group. While
incidence of hamstring injury was lower in the eccen-
tric training group, injury severity and re-injury rates
were not statistically significantly different.

Gabbe et al>* performed a randomized controlled trial
that examined the relationship between eccentric
strengthening and prevention of hamstring strains in
220 male football players in the Victorian Amateur
Football Association. One group performed the “ham-
string lowers” as previously described> and the other
performed stretching and range of motion exercises.
Unfortunately, compliance was an issue in this study,
but among players who completed at least two ses-
sions, the incidence of hamstring strains in the eccen-
tric group was 4% compared to 13% in the stretching
and range of motion group. Brooks et al*®> examined
the effects of eccentric hamstring lowers and stretch-
ing on incidence and severity of hamstring strains in
546 professional rugby players. The intervention
group was reported to display significantly lower
incidence and severity of hamstring injury than the
strengthening group and the conventional stretch-
ing/strengthening group.

Holcomb et al*® investigated whether a hamstring-
emphasized resistance training program would
improve isokinetic hamstring:quadriceps ratios in a
group of 12 female NCAA soccer players. Subjects
were tested before and after completing a six week
training program with two randomly chosen specific
exercises from a group of six exercises targeting the
hamstrings. Subjects performed both the concentric
and eccentric phases of the exercises. The ham-
strings:quadriceps ratio was measured at 60, 180, and
240° per second. Six weeks of strength training
emphasizing the hamstrings significantly increased
the eccentric hamstring:concentric quadriceps ratio
from below 1.0 to over 1.0. Eccentric hamstring:con-
centric quadriceps ratio has been advocated to be at
least 1.0.°7°®

While the above studies used eccentric training
in healthy subjects or in the context of prevention of
future injury, the data is nonetheless promising

about the positive effects of eccentric training on
strength, altering hamstring to quadriceps ratios,
and preventing injury. Because of that, the clinician
can surmise that the use of eccentric training as a
part of the recovery after hamstring strains may lead
to improved outcomes and decreased risk of future
injury. It should be noted that the authors are not
advocating the elimination of the concentric portion
of an isotonic exercise, but rather increasing eccen-
tric emphasis by assisting during concentric exercise
or concentrically-minimized exercises.

IMPLEMENTATION OF ECCENTRICS
TRAINING IN HAMSTRING STRAINS

Based on the literature presented on the varied out-
comes related to eccentric training, it is evident that
there may be promise in making eccentric training
an integral part of the rehabilitation program after a
hamstring strain. The authors of this commentary
wish to focus on exercise interventions in lieu of iso-
kinetic exercise interventions because access to iso-
kinetic devices for a majority of clinicians is limited.
The exercises subsequently discussed undeniably
have a concentric component. As stated previously,
the authors are not advocating elimination of the
concentric portion of any exercise. It is generally
accepted that it is virtually impossible and undesire-
able to eliminate the concentric portion entirely.
However, the authors suggest that clinicians should
have an increased awareness regarding how to design
exercises to have a greater eccentric emphasis and
should also consider how eccentric exercise should
be a part of a systematic and progressive approach to
training after injury to the hamstrings.

Comfort et al® proposed a rehabilitation and condi-
tioning continuum for hamstring rehabilitation. After
the initial inflammatory phase resolves, initial goals
are to restore range of motion and begin strengthen-
ing using hamstring-specific exercises that are pri-
marily open kinetic chain and non-weight bearing.
Once non-weight bearing exercises are tolerated,
they suggest implementing low-velocity eccentric
activities such as stiff leg dead lifts (Figure 2), eccen-
tric hamstring lowers/Nordic hamstring exercise, and
split squats (Figure 3a, 3b). The next phase involves
higher velocity eccentric exercises that include plyo-
metric and sport specific activities designed to
increase hamstring torque and lower extremity power.
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Figure 2. Stiff leg deadlifts.

Examples include squat jumps, split jumps, bound-
ing, and depth jumps. Finally, sport specific progres-
sions should complete the program. Comfort et al®
suggest progressing from unidirectional linear move-
ments to bidirectional and then multidirectional
movements. Some of these exercises may include
single leg bounding, backward skips, lateral hops, lat-
eral bounding, and zigzag hops and bounding.

Brughelli and Cronin® suggested a host of exercises
in lieu of the “eccentric lowers/Nordic hamstring”
exercise in the training of a non-injured athlete. They
contend that while the “Nordic hamstring” may be a
good exercise alternative, it is both bilateral and open
chain. Because of this, one leg may be able to com-
pensate for the involved limb. As stated previously,
the hamstrings are a biarticular muscle and should
be trained as such. Clark et al® found that after four
weeks of training with the Nordic hamstring exercise,
vertical jump and peak torque of the hamstrings
increased. Brughelli and Cronin®® propose that eccen-
tric exercise interventions for reducing hamstring
strains should include the following: high force, max-
imal muscle elongation, high velocity, multi-joint
movements, closed-chain exercises, unilateral exer-
cises, and easily implemented, cost-effective exercises.

Figure 3a, b. Split squat and progression.
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Figure 4. Eccentric backward steps. The subject resists the
clinician’s attempt to push him/her backwards.

Isokinetic devices could be used for eccentric train-
ing, however are often cost-prohibitive, require
proper patient training, and also require adequate
space. Isokinetic exercise does not offer functional
velocities for exercise training nor does it provide
multi-joint, closed-chain options. In contrast, several
exercises are advocated that require little equipment
for effective implementation and fulfill the sugges-
tions of Burghelli and Cronin.*® Some examples
of these exercises include plyometric box jumps,

eccentric backward steps (Figure 4), eccentric lunge
drops (Figure 5a, 5b), eccentric forward pulls (Figure
6), single and double leg deadlifts, and in split stance
deadlift (“good morning” exercise) with the load in
front of the body, as opposed to a posterior load uti-
lized during the traditional performance of this exer-
cise (Figure 7a, 7b).

\h
¥ 3

~d
[

Figure 6. Eccentric forward pulls. The subjects resists for-
ward pull by the clinician.

Figure 5a, b. Eccentric lunge drops. The subject begins in a split stance position and drops rapidly into a lunge position.
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Figure 7a, b. Split stance Zercher also called the “good morning” exercise. The subject is in a split stance position with the weight
placed anteriorly to increase the lever arm on the hamstrings. The subject then leans forward through flexion at the hip.

Heiderscheit and others® recently commented
on hamstring injuries and provided a structural
framework for rehabilitation. Once the initial inflam-
matory phase has resolved, low intensity, pain free
exercises involving the entire lower extremity and
trunk are implemented to minimize atrophy and
develop neuromuscular control of the lower extrem-
ities and trunk. Phase two exercises involve progres-
sion of intensity and range of motion based on
patient tolerance. In stage two, eccentric exercises
are initiated. Exercises are submaximal at the mid-
length of the muscle and also include trunk stabili-
zation exercises and agility training in the frontal
and transverse planes. Finally, stage three exercises
involve sport-specific exercises that involve quick
direction changes, functional movement patterns,
and eccentric exercises progressing to include end-
range movement.

The authors of this commentary agree with Heiders-
cheit et al*® that initial phases of rehabilitation should
focus on controlling pain, edema, and inflammation
as well as tolerance of pain-free concentric exercises
prior to initiation of eccentrics. Intuitively, eccentric
exercises should be initiated in low to middle ranges
of motion in order to limit the risk of further injury.

Walking lunges, multi-directional step ups, split
squats, stiff leg dead lifts, and “modified good morn-
ings” should be implemented within pain free range
of motion. Additionally, the authors of this commen-
tary recommend doing the Nordic hamstring/eccen-
tric lowers with elastic band assistance (Figure 8) in
rehabilitation, and the previously described tech-
nique (Figure la, 1b) would be a progression. By
using a heavy-resistance band, the recovering athlete
has the elasticity of the band to assist in both the con-
centric and eccentric portions of the exercise. As the
athlete tolerates this exercise and completes it
throughout the full range of motion, the band can be
eliminated.

The authors suggest agility ladder drills and shuf-
fling can be used as either an “active recovery” or as
an active warm-up. As the athlete continues to tol-
erate increased range of motion during exercises,
load shouldbe increased with a concomitant decrease
in volume. For hamstring strengthening, the authors
of this manuscript refer the reader to the American
College of Sports Medicine’s Position Statement by
Ratamess and colleagues® for progression of resis-
tance exercise. The authors propose increasing
speed of performance to more closely replicate
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Figure 8. Nordic hamstring exercise with elastic assistance.

sport demands. Athletes can perform exercises in a
given time frame (i.e. continuous for 35-45 seconds
for a hockey player) or with modifications in work:
rest ratios (i.e. football player performing multiple
7-second exercise bouts with 25-35 second rest) to
more closely mimic the metabolic demands of their
sport. Once multi-directional closed and open chain
exercises are tolerated, the athlete’s program should
be progressed to require the athlete to run up hill in
order to improve stride length, and run downhill in
order to improve stride frequency as well as to con-
dition the athlete to tolerate frequent, rapid shifts
between concentric and eccentric movements.
Additionally, the authors propose performing eccen-
tric hamstring exercises at the close of the training
session when the athlete is fatigued. Previous
researchers have found that strength production in
the hamstrings declines with fatigue*?, therefore train-
ing when fatigued may provide protection against
injury.

ANTERIOR CRUCIATE LIGAMENT (ACL)
RECONSTRUCTION

Injury to the ACL is a common and significant knee
injury, potentially resulting in limitations in range-
of-motion, degenerative changes of the knee joint
and muscular atrophy.®” Muscular atrophy greater
than 20% and strength loss exceeding 30% have been
demonstrated strength persisting for several years
after surgery.®*%%%77 Hamstring and gracilis muscle
volume deficits of 10% and 30% were found post ACL
reconstruction with autologous semitendinosus-grac-
ilis graft.”””® Amelioration of these deficits continues
to be a clinical challenge requiring systematically
progressed strengthening protocols that encompass
all components of lower extremity function.

High intensity and accelerated intervention pro-
grams have long been suggested as optimal and
reported as safe following ACL reconstruction.”7%%
LaStayo et al®** suggested that eccentric training for
the quadriceps was more effective in recovery of
strength deficits post ACL reconstruction due to this
type of training promoting greater changes in neural
activation and muscle hypertrophy. Investigation of
higher intensity rehabilitation training (producing
increasingly greater strain on the ACL graft) versus
a program producing minimal strain on the graft
found no differences in knee laxity, activity level,
function, and patient satisfaction up to 2 years post-
operatively.®

Although it was concluded that these higher inten-
sity programs were safe, Beynnon et al* emphasized
use of caution with increasing the frequency and
magnitude of quadriceps activity due to concern of
increasing anterior knee laxity. Additionally, it has
been demonstrated that when applied gradually and
progressively, an eccentric (or negative-work) exer-
cise training for the quadriceps is safe for these
patients and can be tolerated without damage.?*8-%
Eccentric knee extensor training was purported to be
essential for restoration of the functional capacity of
the ACL reconstructed knee due to findings of signifi-
cantly larger concentric and eccentric peak torque
deficiencies in the knee extensors as compared to
the knee flexors.”

Mikkelsen et al” compared a closed kinetic chain
(CKQ) training program versus training with CKC
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and open kinetic chain (OKC) exercise starting at 6
weeks post ACL reconstruction. Anterior knee laxity
(KT-1000 arthrometer), isokinetic concentric and
eccentric quadriceps and hamstring muscle torque
(isokinetic dynamometry before and six months
after surgery), and return to preinjury sports level
(questionnaire at an average of 31 months post sur-
gery) were measured in 44 patients with unilateral
ACL reconstruction. No significant differences in

Table 1: Nirschl's Stages of Tendinopathy'®

anterior knee laxity were noted between the groups
at six months post surgery. Those performing OKC
in addition to CKC increased their quadriceps torque
to a significantly greater degree than those perform-
ing only CKC exercises. No significant differences
were noted between groups for hamstring muscle
torque. The number of patients returning to pre-
injury sports level participation was greater in the
OKC/CKC exercise group than the CKC exercise only

Diagnosis | Macroscopic Histologic Findings Clinical Signs
Pathology
0 Healthy No inflammation Organized collagen, Firm tendon, not
absent blood cells painful, absent
swelling, normal
temperature
| Acute Symptomatic Degenerative changes Acute swelling,
tendinitis tendon w/ microtears, pain, local
degeneration, inflammatory cells in tenderness,
Increased paratenon; focal warmth,
cellularity; collagen disorientation | dysfunction
vascular
disruption;
inflammation of
paratenon
11 Chronic Increased tendon Greater evidence of Chronic pain w/
tendinitis degeneration and microtears, increased tenderness,
vascularity levels of collagen increased
disorientation in tissue | dysfunction, person
hypercellularity voluntarily unloads
structure
11 Tendinosis | Intratendinous Increased celluarity, Palpable tendon
degeneration due neovascularization, enlargement,
to microtrauma, focal necrosis, collagen | swelling of tissues,
cellular/tissue disorganization and increased
aging; vascular disorientation dysfunction w/ or
compromise w/o pain, tendon
sheath may be
swollen
v Rupture Tendon failure Complete disruption of | Weak and painful
fibers muscle testing,
inability to move
affected joint, +
clinical tests for
tendon disruption
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group. Additionally, the OKC/CKC exercise group
patients returned to this activity level two months
earlier than the CKC exercise group. Mikkelsen et al®
concluded that the addition of OKC quadriceps
strengthening (both concentric and eccentric) after
ACL reconstruction leads not only to a significantly
increased number of athletes returning to pre-injury
sport level, but the speed at which they attained this
level. The benefits of eccentric training is therefore
demonstrated in both an OKC and CKC manner ver-
sus the traditional thought of OKC training being pri-
marily concentric in nature. Controlled eccentric
OKC training is safe and effective for the post ACL
reconstruction patient.

Progressive eccentric exercise implemented post
ACL reconstruction has demonstrated benefit with
respect to volume and cross-sectional area of the
quadriceps and gluteus maximus,?®®*® superior
short-term improvement in quadriceps torque,®:872
hopping distance and activity level ®*® and knee
flexion/extension range of movement during gait®?
compared to a traditional post ACL reconstruction
program. Improvements in quadriceps muscle
strength and hopping distance also were signifi-
cantly greater in the eccentric exercise group, as
compared to the traditional exercise group, one year
post surgery.?

IMPLEMENTATION OF ECCENTRIC

TRAINING AFTER ACL RECONSTRUCTION
The research regarding implementation of eccentric
training during rehabilitation post ACL reconstruc-
tion is quite limited when compared to this type of
training during rehabilitation of tendinopathy and
muscle strains. As with any eccentric training pro-
gram, systematic progression of training volume and
intensity in the post ACL reconstruction patient is a
necessity. Controlled eccentric training has been
implemented safely as soon as three weeks post sur-
gery in a modified CKC manner.?® This type of train-
ing was implemented on a mechanism similar to a
modified ergometer.®® The authors of this review
suggest the use of a total gym initially, with progres-
sion to a leg press machine, and eventually a squat
rack. Both concentric and eccentric muscle training
can be performed on each of these machines. Eccen-
tric quadriceps contraction can be emphasized with

training on these devices via increasing the knee
flexion angle with the surgical lower extremity and
straightening the leg (decreasing the knee flexion
angle) with the non-surgical lower extremity. When
implementing exercise using a squat rack in the later
phases of rehabilitation, it is suggested to start with
a Smith frame squat rack to limit potential trans-
verse plane compensations on the part of the patient.
The use of eccentric training on the non-involved
lower extremity is also initially suggested since it
has shown indication of being a useful mechanism
in improving both the quadriceps muscle strength®
and the quadriceps accelerated reaction time in the
surgical lower extremity.* Table 2 details the specif-
ics of the suggested implementation of a program as
a guide to the eccentric component of a comprehen-
sive strengthening program for the post ACL recon-
struction patient. Ideally it is suggested that both
OKC and CKC strengthening be employed in the
rehabilitation program since OKC eccentric and con-
centric quadriceps strengthening has proven added
benefit,” yet sport related activities are primarily
CKC. Although the focus of this commentary is
detailing the benefits of eccentric training, it is the
suggestion of the authors that this comprehensive
approach, including both concentric and eccentric
training be considered.

CONCLUSION

Eccentric exercise offers promise as an effective
means to manage a host of common conditions
encountered by the sports rehabilitation specialist.
This promise is based upon both muscle and tendon
physiology as they relate to performance. While evi-
dence regarding the positive role of the varied uses
of eccentrics in training, and prevention continues
to emerge, it is but one component of a successful
rehabilitation plan. Soft tissue mobilization, pain
modulation, activity modification, patient educa-
tion, biomechanical assessment, risk factor modifi-
cation, and regional interdependence each play an
integral role in the rehabilitation process. The chal-
lenge for the sports physical therapist is to clearly
describe the ideal time to start eccentrics in the
rehabilitation process, as well as how to manipulate
training variables (load, volume, intensity, fre-
quency) to provide a safe, yet progressive stimulus
for eventual return to sport.
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Table 2: Proposed Eccentric Training Implementation during Post-operative Isolated Unilateral ACL

Rehabilitation Program (based on studies by Gerber et al. 2006, 2007, 2009, and Mikkelsen et al. 2000).

Intensity
Phase Description (Rate of Perceived
Exertion)

Phase I Level I: CKC: Initiation of non-involved leg eccentric training for contralateral effect as | Level I: Somewhat hard
(Weeks 0- | carly as day 2 post-operative unless restrictions or contraindicated.
3)
Phase 11 Level I: CKC: Initiation of eccentric training on total gym at lowest level. Subject lowers | Level I: progressed from
(Weeks 3- | themselves down in limited ROM (initially 0-40°) with surgery leg and raises themselves | very light-fairly light-
12) back up to full knee extension with assistance from non-involved leg. ROM (to 90% and | somewhat hard-hard

resistance level is progressively increased dependent on patient tolerance and ability.

Level II: OKC: Approximately 6 weeks post-operatively strengthening initiated from 90° | Level II: progressed from

- 45° flexion either isokinetically with low resistance (30°- 90%/sec) or light weight (at very, very light-fairly light-

mid shin) and repetitions in the range of 20-30. somewhat hard-hard if

CKC: leg press-resistance of moderate level (single leg): eccentric lowering with tolerated

involved leg, followed by concentric knee straightening with non-involved leg. ROM

should be in short range to start (0-30°) and systematically increased no greater than 90°.

Smith frame squat rack-bilateral squats with eccentric emphasis on involved leg and

concentric phase assistance by non-involved leg as with leg press. Smith frame-reverse

lunges can be initiated here if patient tolerates. Eccentric phase with involved leg; patient

then locks bar into frame, and bar is raised to starting position using both legs.
Phase III | Level I: CKC: leg press-moderate to heavy level resistance with technique as in phase II. | Level I: progressed from
(Weeks ROM should be 0-90° unless otherwise contraindicated or not tolerated. somewhat hard to hard as
12+) Squat rack-bilateral squats as done in Smith frame in phase II. tolerated.

OKC: Eccentric isokinetic training at speeds of 30°-240° or with weight (at mid shin)
with high repetition range (30-60).

Level II: CKC: Squat rack-single leg lunges and reverse lunges progressed in intensity
and ROM to 90 if not already achieved (Smith frame squat rack only if necessary)-
eccentric emphasis only.

Squat rack-single leg squats as done with bilateral squats in Level I.

Level II: progressed from
somewhat hard to hard as

tolerated.
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