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of the subjects in the group with patellofemoral syndrome was pain above three,
and the exclusion criteria included having a history of surgery, joint replacement,
artificial limb, and neuromuscular diseases. Both groups performed closed chain
exercises that included regular squats, wall squats, ball squats, regular lunges, claw
point flex, isometric foot wall exercises, hip bridges, and planks for eight weeks
and three sessions per a week and total twenty four sessions. Before and after the
intervention, the amount of pain was measured using the analogue pain scale (vas)
and the maximum oxygen consumption was measured using the Rockburt one-mile
test. For statistical analysis of the data, spss software version 23 and covariance test
and paired t-test were used at a significant level (P<0.05).

Results: The findings of the research showed that there was a significant decrease
in the amount of pain in the group with patellofemoral syndrome after closed
kinetic chain exercises (p=0.001). On the other hand, there was a significant
increase in the maximum oxygen consumption in the healthy group (p=0.001).

Conclusion: Closed kinetic chain exercises reduce pain in people with
patellofemoral syndrome and increase maximum oxygen consumption in healthy
girls.

Keywords: Patellofemoral pain syndrome, maximum oxygen consumption, closed
kinetic chain.
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Extended abstract

Background: Patellofemoral syndrome is described as pain behind or in front of the knee (1). This
pain is exacerbated by running and activities that involve bending the knee. Patellofemoral syndrome
is reported to be 25-40% of all knee injuries (2). Although patellofemoral syndrome affects all social
groups, it has a higher prevalence in teenagers and young people (3). The incidence rate of
patellofemoral syndrome injury is reported to be 22.7% in the general population and 28.9% in the
youth population (4). Patients with patellofemoral syndrome reduce knee flexion in an attempt to
reduce patellofemoral joint reaction forces and pain. This is a compensatory mechanism to reduce
pain, but it also causes shock absorption and degenerative changes in the knee joint. The clinical use
of closed kinetic chain exercises has increased significantly over the past few years. One of the
reasons for increasing attention to these exercises in the rehabilitation community is that these
exercises simulate and repeat many practical movements and also these exercises put less pressure
on the patellofemoral joint in the functional range of movement (11). As a result, the aim of this
research was to investigate the effect of closed kinetic chain exercises on pain reduction and
maximum oxygen consumption of women with patellofemoral syndrome.

Methodology: The current research was a semi-experimental and laboratory type, which was
conducted in two stages: pre-test and post-test. The statistical population included all female students
of Mohaghegh Ardabili University and the statistical sample of the research included 30 people in
two groups of 15 people with patellofemoral syndrome and healthy. Rockburt test was used to
measure the maximum effective oxygen consumption. The level of pain was assessed using a visual
analog scale. Both variables were measured in two phases before and after the intervention exercises.
Kinetic closed chain exercises were performed by two groups after measuring dependent variables
for eight weeks. Closed kinetic chain exercises were performed for eight weeks and three sessions
per week, for a total of twenty-four sessions. The exercises included regular squats, ball squats, wall
squats, regular lunges, hip bridges, isometric wall leg exercises, and pointe flex toes. Before
performing the test, the subjects were familiarized with the method of performing the exercises.
Before performing closed kinetic chain exercises, a 10-minute warm-up was performed. In subjects
with patellofemoral syndrome, the average knee flexion range was used for performing the exercise
(>45°) in squat movements, and as the patient's pain decreased during the sessions, the knee flexion
range was increased. Each squat lasted 10 seconds and a 5-second rest was given between each squat.
No restrictions were placed on the execution of the exercise for any of the subjects for performing
the other exercises. Also, the number of sets and repetitions, considering that the statistical sample in
the two groups of women were non-athletes, low sets and repetitions (three sets with ten repetitions)
were used to start the exercises and as the patient's ability increased, the sets and repetitions were
increased (three sets with twenty-five repetitions). If pain occurred, the exercise was stopped. The
exercises were performed in three sets of ten in the first and second weeks, in three sets of fifteen in
the third and fourth weeks, in three sets of twenty in the fifth and sixth weeks, and in three sets of
twenty in the seventh and eighth weeks.SPSS version 23 software was used for statistical analysis of
data. Paired t-test was used to compare the results within the group and ANOVA test was used to
compare the results between the groups.

Results: Comparison of the mean pain levels showed a significant difference between the healthy
and patellofemoral syndrome groups (P=0.001). The results of the study did not show a significant
difference in maximal oxygen consumption between the two groups (P>0.05).

The results of the study showed a significant decrease in pain levels in the patellofemoral syndrome
group at the post-test stage (P=0.001).
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Comparison of the results within the group showed a significant increase in maximal oxygen
consumption in the healthy group at the post-test stage after closed kinetic chain exercises (P=0.001).
The patellofemoral syndrome group did not show a significant difference in maximal oxygen
consumption (P<0.05).

The aim of the current research was to evaluate the effect of kinetic chain exercises on the amount of
pain and maximum oxygen consumption in young women with patellofemoral syndrome and healthy
women. The results showed that closed kinetic chain exercises for 8 weeks have significant results in
reducing the pain of people with patellofemoral syndrome and increasing the maximum oxygen
consumption in healthy people.

Conclusion: According to research findings, closed kinetic chain exercises in eight weeks for twenty-
four sessions reduced pain and increased maximum oxygen consumption. Therefore, according to
these cases, closed kinetic chain exercises can be a suitable solution for people with patellofemoral
syndrome to reduce pain to return to sports and improve the quality of life of these people.

Keywords: Patellofemoral pain syndrome, maximum oxygen consumption, closed kinetic chain
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