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Abstract  Introduction: The patellofemoral syndrome (PDS) is a disease characterized by pain in the patellofemoral l and 
physical changes resulting from this joint biomechanics. The rate of incidence is high and its etiology remains unknown. 
Objective: This literature review aims to compare the effectiveness of open kinetic chain exercises with closed kinetic chain 
into the functional recovery of patients with the patella-femoral syndrome. Methods: We conducted a systematic review in 
the database LILACS, MEDLINE and PUB MED SCIELO as search term words patellofemoral syndrome, Open Kinetic 
Chain and Closed Kinetic Chain. Discussion: The imbalance of forces of patella dynamic stabilizers, Vastus medialis oblique 
(VMO) and vastus lateralis (VL), is still considered the primary factor for the onset of symptoms. Since this change causes an 
increase in reaction force and patellofemoral compression. In order to recover the balance of forces of the muscles acting as 
stabilizers of the knee and as a means of restoring stability to the joint, exercises in open kinetic chain (OKC) and closed 
kinetic chain (CKC) has been used in rehabilitation programs patellofemoral disorders. Conclusion: The benefits for 
implementing these protocols are not well documented; scientific evidences are insufficient to prove the real effectiveness of 
these exercises in improving the performance of quadriceps muscle or assist in muscle balance of patellofemoral stabilizers. 

Keywords  Rehabilitation Syndrome, Open Kinetic Chain, Closed Kinetic Chain, Patellofemoral Dysfunction, 
Patellofemoral Force 

 

1. Introduction 
The patellofemoral dysfunction is one of the muscular-sk

eletal disorders frequently knee (1, 2, 3, 18). Its incidence 
rate is about 25% of disorders in the population (19, 20). 
Symptoms consist of diffuse pain in the anterior knee, most 
are usually along the medial aspect of the patella. However, 
pain retro patella and the lateral face can also be diagnosed 
(4). These symptoms are caused by structural orbiomechani
cal changes of the joint, which becomes exacerbated by 
activities such as going up and down stairs, sit for a 
prolonged period, squatting or kneeling (2, 5, 21), resulting 
in increased compressive forces in the joint patellofemoral (4, 
6). Other signs are also present as the patellar crepitus, 
swelling, and joint blockage (6). 

This disease affects athletes and non-athletes andreprese
nts a common problem in the knee of adolescents and young 
adults physically active (5,6,7). The factors that contribute 
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to the development of this pathology is still not clearly 
defined. (2,3,6,20,22). The mechanism may be multifaceted 
(22, 23). However, it may be related to abnormal biomecha
nics, highlighting, among these, the static and dynamic 
unbalance (1, 21). 

Changes in static, some authors suggest someabnormaliti
es such as patellar misalignment, increased Q angle, patella 
high or low, excessive subtalar pronation, lateral rotation of 
the tibia, femoral anteversion, knee valgus or varus and 
shortening of the lateral retinaculum, muscle hamstrings and 
iliotibial tract (1, 6). Thus, inappropriate behavior of the 
patella can cause pain in the anterior knee (5). 

However, Connolly and colleagues (20), the explanation 
for the origin of patellofemoral pain is related to three main 
factors, such as patellar misalignment, muscle unbalance and 
overuse. These factors lead to the region to an increase in 
stress on the soft tissues and consequently pain. 

Towards Frederickson & Yoon (19), suggest that a 
combination of factors, such as abnormal lower limb 
biomechanics, soft tissue tension, muscle weakness and 
excessive exercise may result in increased stress on the 
cartilage and subchondral bone. Therefore promote a patellar 
misalignment and the development of pathology. 
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The patellar surface of the femur is the anterior articular 
portion which articulates with the patella and is divided into 
two facets: the lateral and medial. The lateral facet is, in 
general, more and more previously designed, in most people, 
the medial facet (8). It is noted a hollow in its anatomy in two 
planes, promoting intimate contact with the lateral femoral 
condyle, while most of the range of motion (9). This helps 
maintain the facet of the patella centered on the patellar 
surface of femur during the normal function of the knee. 
When there is instability of the patella, there is a variation of 
the patellar surface of femur (8). Already the medial facet is 
small quantity convex, and only a small portion of its surface 
comes into contact with the medial femoral condyle (9). 

The instability can be observed with increased Q angle, 
which promotes an increase in lateral patella (21), promoting 
an increased stress on the patellofemoral joint (18, 23). 

Articular cartilage covers the surface of the femoral 
patellar is thinner than the patella, and also thinner medial 
facet on the side (8). The patellar cartilage is more permeable 
and resilient when compared with other cartilage body. Thus, 
the load, its contact area increases, thereby decreasing the 
pressure (10). 

The patella is the central point to which converge the 
elements retinacular, ligaments, muscles, tendons and 
synovial capsule (8). Because of the inconsistency and the 
ability to move in relation to the femur, the contact point on 
the patella changes with flexion or knee extension (10). 

During the full extent and with the quadriceps contracted, 
the patella articulates with the suprapatellar fat pad, and 
when in full flexion, with part of the medial and lateral 
femoral condyle that articulates with the tibial plateau at full 
extension (8). 

The dynamic traction of the patella is affected by a number 
of forces that tend it moves both laterally and medially. 
These forces come into play when the nervous system 
activates the control of the muscles acting on the patella (11). 

The main structure responsible for activating the forces 
exerted on the patella is the quadriceps muscle, whose 
function is to control the position of the patella from the 
trochlea by the oblique fibers of their medial and lateral 
portions, and the vastus medialis (VM ) and vastus lateralis 
(VL) (11). 

The VM muscle is divided into two portions, a proximal 
called the vastus medialis longus (VML) and distal sites, the 
vastus medialis oblique (VMO). These parts show 
anatomical, functional, histochemical and also in the pattern 
of innervation (1). The lateral vastus medialis (VML) is 
inserted at an angle of 15 degrees to the longitudinal axis of 
the femur, exerting little or no traction for proper positioning 
of the patella and the vastus medialis oblique (VMO), which 
originates mainly from tendon of adductor magnus muscle 
and is inserted at an angle of 50-55 degrees in the 
longitudinal axis of the femur (11) and is considered the 
primary dynamic medial stabilizer of the patellofemoral joint 
(11, 22).  

Similarly, the VL muscle is also divided into two portions: 
the proximal fibers that originate in the femur and insert on 

the medial third of the tendon of the quadriceps, constituting 
the vastus lateralis longus (VLL), and fiber posterolateral 
that originate in the iliotibial tract, being more oblique in its 
direction, and fall at the base and the lateral edge of patella, 
representing the vastus lateralis obliquus (VLO) (11). 

Considering the origins and insertions of the VM and VL 
muscles, especially the oblique portions thereof, may be 
considered that the pull of the VMO and VLO is important 
because muscle is the factor that determines the position of 
the patella. These muscles also exhibit behavior synchronous 
with an antagonistic role in patellar stabilization (1, 8). 
Under normal conditions, the VMO is able to counteract the 
action of the VL lateralization, to ensure the stability of the 
patella (22). 

The force exerted by the VLO is related to the lateral 
retinaculum and iliotibial tract, and may be able to alter the 
normal balance of the patella, thus creating excessive tension 
in these structures and may prompt a picture of pain and 
patellar misalignment (1). The delayed onset and decreased 
magnitude of activation of the VMO relative to VL leads to 
an abnormal lateral movement and increased patellofemoral 
contact pressure is resulting in the articular cartilage 
pathology. The reduction of power production capacity of 
the VMO or change in motor control of VMO and VL has 
been proposed as possible causes of imbalance (4, 22), 
between the dynamic stabilizers of the knee (22). 

The imbalance of the dynamic stabilizers is related to the 
forces between the Vastus medialis oblique (VMO) and 
vastus lateralis (VL) (3, 5), the main dynamic stabilizers of 
the patella, this imbalance is considered the primary factor 
for the onset of symptoms, which, however, change the 
kinematics and patellar contributes to increase the forces of 
reaction and patellofemoral compression (3, 22). 

Misalignment of the extensor mechanism is a very 
common feature of this disease by promoting atrophy and 
decreased strength of the vastus medialis and imbalance 
between the lateral and medial components of the quadriceps 
(1, 22). 

Frederickson & Yoon (19) report that, the stresses exerted 
on the quadriceps muscle, promote high stress in the 
patellofemoral region. Similarly, the deficit on the flexibility 
of the quadriceps and hamstrings, show an association with 
patellofemoral pain. 

The kinetic chain is a term used to describe the sequential 
activation of the leg segments of the limb, allowing it to 
generate force, stabilization of the leg, and transfer force to 
the distal end of the chain (12). 

An exercise in open kinetic chain can be considered an 
activity in which the distal part of the end is not fixed, but 
free space (4, 13), providing a motion segment in isolation 
(6). Furthermore, it is considered that usually this type of 
exercise no weight bearing (12). 

The closed kinetic chain exercises involving multi-joint 
movements performed with fixed distal extremity (4, 13), 
often associated with weight bearing (4, 12). 

These exercises generate muscle co-contraction of 
agonists and antagonists, in order to provide greater articular 
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(3, 13) producing still lower shear load of the tibia, the 
compression force increasing and decreasing thetibia-femor
al compressive forces near patellofemoral the extension (14). 
For Fagan & Delahunt (4), proprioception is also an 
influential factor in the choice of these exercises, since it is 
believed that the feedback is more efficient due to the 
compressive forces of the body and the foot contact with the 
ground, and reproduce functional movements commonly 
performed activities of daily living (3, 4, 7). 

The literature data on the comparison of these two chains 
are still present inconclusively. Moreover, the benefits to the 
application of these protocols are not well documented. Thus, 
the objective of this study is to review the literature to 
compare the effectiveness of open kinetic chain exercises 
with closed kinetic chain for functional recovery of patients 
with dysfunction of the patellofemoral. 

2. Methodology 
For this study, respondents were magazine articles that are 

accessed through the portal database journals Lilacs, 
Medline, Scielo and Pub med, since 1998 until 2011. The 
strategy seeks to correlate the following words - key: 
patellofemoral rehabilitation, open kinetic chain, closed 
kinetic chain, patellofemoral syndrome, patellofemoral 
forces, patellofemoral biomechanics. The languages were 
analyzed in Portuguese and English. Inclusion criteria for the 
selection of the papers surveyed, we took into account the 
relationship with the pathology and the exercises, and the 
date of publication of these studies. 

3. Discussion 
This study consists of a literature review concerning this 

subject. Thus, the found results in the articles cited, are 
presented in this session. 

During the open kinetic chain exercise, the quadriceps 
muscle works in isolation, increasing the patellofemoral 
compressive forces (3). In this type of exercise, the center of 
gravity is forward of the knees, so that the strength in flexion 
is greater than 90 degrees to 0° extension (10). Up to 30º, the 
angle between the forces is too small to generate high 
compressive stress between the patella and the condyles and 
the contact area decreases from 90° to 0°. With a larger force 
and a smaller contact area, the pressure is maximum around 
35° to 45°, decreasing as a result because the angle is very 
small. So, exercise in open kinetic chain can be performed 
from 0° to 15° and 50° to 90° in the individual with DFP, not 
realizing the financial year 35º to 45º, where the contact 
pressure is very high, since the magnitude of the contact 
patellofemoral grows from 0° to 60° and does not change 
much from 60° to 90° (10). According to Fehr et al (3) must 
be avoided the last degrees of knee extension, since this 
angle is less articular contact, however, the compressive 
forces are distributed over a small area, increasing the 

patellofemoral stress. According to Grossi et al (1), the last 
degrees of knee extension exercise in open kinetic chain, 
provide lower articular contact and therefore less instability. 
There is also higher patellofemoral stress, since the contact 
angle is less and therefore the compressive forces although 
smaller, are distributed over a smaller contact area, 
increasing the stress. 

The concept that the VMO is most active during the last 
degrees of extension is widely accepted by Grossi, Peter and 
Berzin (1) and Escamilla and colleagues (15). Because this 
muscle is difficult to isolate, an exercise - conducted in open 
kinetic chain - proposed by O 'Sullivan & Popelas (2) in their 
study showed that in the last degrees of knee extension with 
medial rotation of the tibia obtained - better activation VMO. 

In the closed kinetic chain exercise, the center of gravity is 
located behind the knee, so the force is increased from 0° to 
90°. This increase in strength is accompanied with an 
increased contact area to 60° and, thereafter, the contact area 
does not increase in proportion to the force, causing a 
pressure increase in the patella (10). The knee flexion to 90° 
presents a greater patellofemoral reaction force, being larger, 
also the patellofemoral articular contact and stability. Thus, 
the patellofemoral stress decreases with increasing angle of 
knee flexion (1). 

According to Grossi et al (5), the closed kinetic chain 
exercises in the first 60° of knee flexion is better tolerated by 
individuals with DFP. For Souza et al (13) in the range of 0° 
to 50° of knee flexion occur under anterior shear forces on 
the tibiofemoral joint. Fehr et al (3) say should be avoided 
angles above 45° of knee flexion, since despite more stable 
joint with increased flexion there are also increased 
compressive forces and increased patellofemoral stress. 
Peccin & Chamlian (16) indicate that, from 0° to 30° of hip 
flexion, the patellofemoral reaction forces decrease, and this 
joint stress compared with exercise in open kinetic chain. 
The closed kinetic chain activities, however, must be an 
angle between 0° and 30°, for 60° to 90° there is an increase 
of stress on this joint. Have Cabral et al (6) report that the 
exercises performed in the early degrees of flexion also 
cause less lateral patellar traction. 

In this type of exercise there is greater amplitude of the 
signal of the VMO compared with the open kinetic chain 
exercises. However, the signal VMO is lower than that of VL, 
both in open and closed kinetic chain (6). To selectively 
strengthen the VMO muscle, which seeks not only the range 
of motion that shows more activity, but also offers greater 
stability, higher compressive strength and greater activation 
in relation to the lateral components. In 90 degree angle, the 
compressive forces are maximized and the shear force is 
minimized, facilitating not only the activity of the VMO 
muscle, but increased the articular contact facilitating 
articular nutrition (1). 

In the closed kinetic chain exercise occurs co-contraction 
hamstring. In small angles of flexion such co-contraction 
decreases the tibial anterior and quadriceps caused by inward 
rotation, however, at angles above 60° co-contraction this 
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causes the tibia to rotate and move further outwardly. This 
posterior displacement and external rotation increased the 
pressure on the patella, as well as the contact force is greater 
than 50° co-contraction hamstrings and increase the pressure 
from 60 (10). 

Among the CKC exercises, the squat is considered safe 
and effective, due to the stabilizing effect of co-contraction 
quadriceps and hamstrings (5). This exercise should be 
performed to near 50 degrees, not to generate as much force 
and pressure in the patellofemoral joint (10). 

During squatting, the line of gravity moves after the knee 
axis, the flexor increasing the torque. The hamstrings 
stabilize the knee by promoting a draw later in the tibia to 
counteract the force imposed by the previous quadriceps. 

The degree of activation in the hamstrings work in the 
pelvis depends on the knee and hip angles and muscle 
lengths of the individual. Thus, the hamstring tension may be 
increased with a slight flexion of the trunk, which also moves 
the center of gravity above, reducing the torque and knee 
flexion, thereby reducing the strength of tibia translation and 
compression of the patellofemoral joint (13). 

Grossi et al (5) observed that with increasing knee flexion 
using the technique of the squat that provides higher 
electrical activation of the VMO and VL. This occurs 
because of the rectus femoris to be more active in this chain 
and, consequently, the VMO increases its electrical activity 
to keep the patella in its proper alignment. In general, the 
quadriceps muscle electrical activity is more that increases as 
the angle of knee flexion. In a study proposed by O'Sullivan 
& Popelas (2) it was observed that the squat with external 
rotation of hip and knee flexion to 60° produces a greater 
degree of activation of the VMO muscle. 

ZWERVER et al (17) in their study reported that squat 
platform held in a decline in an eccentric way proved to be 
more effective for strengthening the extension of the knee 
region compared with the normal and squat on level ground. 
The authors believe that is the fact that in both standing and 
on the decline occurs when the reduction of the strength of 
the hip and ankle during exercise. Thus, the knee extensors 
and the patellar tendon is loaded to the maximum when 
applied to a plate 15 to 30º. The knee flexion should be 
avoided 60° because this angle patellofemoral contact is 
already about nine times the force of the body. Therefore, to 
avoid patellofemoral syndrome, is recommended to avoid 
knee flexion during the squat exercise above 60°. 

The activation of the rectus femoris muscle was found to 
be maximized with increasing knee flexion angle of 90°. 
Looking at the closed kinetic chain exercises, the greater 
activity of the rectus femoris is produced between 83º and 95° 
of knee flexion. This angle increases the compressive forces 
tibiofemoral and patellofemoral joints (14). 

4. Conclusions 
After this survey we can conclude that among the 

treatment protocols, exercises in open and closed kinetic 

chain shown to reduce pain and increase muscle strength of 
patients with this pathology. The therapeutic approach 
combined with these two chains is recommended. But the 
exercises in closed kinetic chains have been considered more 
functional for the rehabilitation of individuals with DFP. 
However, they lack scientific evidence to prove the real 
effectiveness of these exercises to improve the performance 
of the quadriceps muscle and help balance the dynamic 
stabilizers of the patella. Thus, they become more necessary 
biomechanical, electromyographic and anatomic allowing a 
comparison between them in order to base the application of 
exercise in the treatment of patients with this pathology. 
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