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Abstract
This case is a demonstration of the benefits of utilizing eccentric exercises early in the rehabilitation of post-op left 

knee arthroscopy for partial lateral meniscectomy, excision of the plica and chondroplasty with micro fracture. Secondary to 
the injury and then post-op the patient demonstrated severe muscle atrophy and post-op pain. Trauma to a joint causing joint 
effusion followed by disuse, resulted in loss of strength, stabilization and function. It is important to facilitate and promote 
muscle strengthening early in the rehabilitation. There are various exercises that utilize three different types of muscle actions 
concentric, eccentric or isometric contractions. Eccentric loading, especially in rehabilitation, is the most efficacious method of 
increasing strength gains while minimizing the unfavorable effects caused by compression forces into the joint, especially post-
op surgeries that involve intra-articular repair. The purpose of this patient case is to demonstrate the effectiveness of eccentric 
loading in the recovery of muscle strength in the lower limb, improvement in function and to suggest its implementation as an 
important part of rehabilitation programs.

Introduction/Background
Mechanical tension, muscle damage and metabolic stress are 

mechanisms by which exercise-induced hypertrophy occurs [1]. 
Mechanical tension, which can occur through force production in 
resistance training, induces mechanical overload on the muscle, 
disrupting its myofibrils and facilitation of satellite cells activation 
[1,2]. This disruption stimulates satellite cells to promote muscle 
growth by multiplying, forming new myofibrils, donating nuclei to 
muscle fibers, and co-expressing myogenic regulatory factors that 
assist in the reparation, regeneration and growth of muscle tissue1. 
Resistance training also creates micro tears within the muscle, and 
the body responds to the damage by sending neutronphils to the 
area of trauma. The result is an influx of macrophages and lym-
phocytes that eventually act to increase satellite cell proliferation1 
and therefore, muscle growth. Finally, high-intensity exercise uti-
lizes anaerobic glycolysis for ATP production, thereby creating an 
accumulation of metabolites such as lactate and hydrogen ions. 
This build-up creates a hypertrophic response through hormones, 
growth factors; cell-swelling and free-radicals [1].The resulting 
acidic environment may also stimulate sympathetic nerves to fur-
ther increase muscle hypertrophy [1]. 

Muscle contractions can be either concentric or eccentric. 
During a concentric contraction, the muscle shortens whereas dur-
ing an eccentric contraction, the muscle lengthens [3]. Eccentric 
muscle lengthening combined with overload increases passive 
muscular tension of the contractile units in the muscle [1,2]. Be-
cause passive muscular tension is much higher in eccentric con-
tractions as opposed to concentric contractions, the contractile 
units will undergo greater sub cellular damage and therefore dem-
onstrate a more dramatic hypertrophic response from eccentric 
work1, 2. Many studies have proven that exercise involving solely 
eccentric contractions will result in an increase in the number of 
sarcomeres in series [1,4] and parallel [2], while sarcomere length 
decreases with exclusively concentric exercise [1,2]. The addition 
of sarcomeres in series has proven Effective in Curbing Exercise-
Induced Muscle Damage (EIMD). EIMD occurs after unaccus-
tomed exercise and causes a host of negative events, among which 
are swelling, soreness and reduced force production; therefore, the 
adherence to and success of rehabilitation programs is compro-
mised with EIMD [5]. EIMD is less severe following eccentric 
work because of increased muscle compliance resulting from the 
addition of sarcomeres in series [4]. Conversely, concentric exer-
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cise increases the likelihood of EIMD because of the reduction of 
sarcomeres in series [4]. 

Eccentric exercise becomes even more beneficial when uti-
lized for muscle rehabilitation. When a muscle is injured, a he-
matoma is formed at the site of injury and inflammatory cells and 
growth factors flood the area [6]. Some of the growth factors will 
activate satellite cells, eventually proliferating into myoblasts that 
attach to and repair the damaged myofibers [6]. Scar tissue is then 
formed with the purpose of reinforcing the muscle during contrac-
tions, but is considerably weaker and therefore presents a concern 
for re-injury [6]. If the injured muscle is not exercised, however, 
the healing process will be stunted by over-deposition of scar tis-
sue. Therefore, exercise that does not exacerbate the injury is es-
sential to the healing process. Eccentric exercise consumes less 
oxygen and energy while producing a greater amount of force [7] 
and stimulates hypertrophy post-injury [2]. The stimulus of great 
muscle mass may be the more prudent option for rehabilitation.

Case Study
A 26 year old competitive male power lifter was sent to 

physical therapy with a physician diagnosis of post-operative os-
teochondral defect, lateral meniscus tear and impinging plica of 
the left knee. The patient complained of left knee pain and stiff-
ness, particularly with extension. He claimed the first incident of 
knee injury occurred at a power lifting competition 1 year prior 
from hyperextension of the knee during a dead lift. The patient 
did not seek treatment immediately, but saw a physician once the 
pain worsened following a different competition. The physician 
performed a left knee arthroscopy, partial lateral meniscectomy, 
excision of the plica and chondroplasty with micro fracture. The 
patient was instructed to wait 8-10 weeks before bearing weight 
on the left leg. The patient began physical therapy approximately 
4 weeks post-surgery.

Bilateral weakness of the posterior hip muscles, limited left 
knee extension (by 15º active) and left side weakness of the quads 
and hamstrings were found in the initial evaluation. The goals of 
physical therapy were to increase strength and ROM of the left 
knee through eccentric strength training and manual therapy. 

Intervention
The treatment began with exercise on the stationary bike as 

well as 3 sessions of manual therapy. The goal of both was to rees-
tablish ROM in the knee in order to gain full knee extension. Once 
full ROM was achieved, the patient began posterior lateral exer-
cises using a pulley for resistance to increase hip strength. After 
hip strength increased, the focus of therapy was eccentric strength 
training using a computerized machine called “Eccentron”, (by 
BTE) a device that only offers eccentric resistance. Eccentric 
loading was implemented approximately 4 weeks post-surgery 
and continued for 15 weeks. The subject performed 12 strides on 

the machine at maximal effort. The machine discarded the great-
est force value and halved the second greatest force value of the 
weaker leg to determine the recommended resistance. Therefore, 
the subject was working at 50% of sub-maximal force of the weak-
er leg. A maximum and minimum range of force production was 
calculated to create a target zone. The subject had to remain within 
the target zone for each session in order to progress to the next 
level of dosing. The workout increased in 5 minute increments for 
the first 3 sessions.

After the first 3 sessions, the duration of the workout in-
creased in smaller increments until it reached the maximum of 30 
minutes. Re-testing was implemented every 3 sessions in order 
to adjust the resistance to match the subject’s improvements in 
strength. 

Results

Figure 1: Changes in force production over a two-month period.

Figure 2: Changes in work over a two-month period.

Figure 3: Changes in power over a two-month period.
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Figure 4: Changes in dosing over a two-month period.

Figure 5: Data summary from Eccentron over a two-month period.

Figure 6: (right) Left quadriceps 2 weeks post-op, before therapy (disuse 
atrophy noted) (left) Quadriceps after 15 weeks of rehabilitation with use 
of the Eccentron (30 minutes, 3x weekly).

Figure 7: Quadriceps after 15 weeks of rehabilitation with use of the Ec-
centron (30 minutes, 3x weekly).

Discussion
The rapid increase in lower-extremity strength found in this 

case study demonstrates the efficacy of utilizing eccentric loading 
for rehabilitation. Valero et al [8] have found that eccentric work is 
an effective promoter of repair and recovery because of its ability 
to stimulate the release of mesenchymal stem cells within the mus-
cle. Additionally, following eccentric exercise, Valero et al8 noted 
an increase in a [7] integrin which is useful in overcoming muscle 
atrophy. Eccentric loading may also be a more viable option in 
rehabilitation settings because of the protective role that eccen-
tric muscle contractions provide, such as deceleration. Eccentric 
isokinetic testing is used in determining return to play post-injury 
and therefore proves a useful tool in the prediction of re-injury 
[9]. Therefore, the strengthening of deceleration muscles through 
eccentric work is functional for both the athlete and non-athlete 
alike, and can be applied in a multitude of rehabilitation settings.

The present study has weaknesses simply because it is a sin-
gle case. Future research could be a comparative study, designed 
to have a control and experimental group. Eccentric exercises can 
be done using traditional exercises with free weights and body 
weight. A research question for future studies could be, are tradi-
tional exercises just as effective as exercising on the Eccentron in 
building muscle strength and muscle hypertrophy? 
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Conclusion
Muscle injury is often caused by and/or causes a reduction in 
strength. Therefore, muscle hypertrophy is a common goal in reha-
bilitation. Eccentric loading overloads the muscle in a manner that 
intensifies hypertrophy without inducing the excessive damage to 
muscle cells that often occurs with concentric loading. Eccentric 
loading is a viable option for rehabilitation in terms of speed and 
quantity of strength gains, as well as safety and functionality of 
movement. For this reason, eccentric work should be considered 
in the rehabilitation of injuries.
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