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Introduction: PNF stretching is used to improve maximum muscle function, reduce
muscle damage, reduce muscle stiffness and increase joint mobility before exercise.
As a result, the aim of this research was to investigate the effect of an acute
Proprioceptive Neuromuscular Facilitation (PNF) stretching on the rate of force
development of hamstring and quadriceps muscles among athletes with dynamic
knee valgus.

Methods: The samples of the present study included 12 young female athletes who
were selected through available and targeted sampling and all of them had dynamic
knee valgus. Subjects performed PNF stretching for the target muscle and then were
placed on the force plate for relevant analysis. Their rate of force development was
evaluated according to the established protocols. Since the investigation of the acute
effect of stretching was desired by the researcher, PNF stretching process was
performed for the target muscle before each test. Analysis of variance with repeated
measurements was used for statistical analysis of the data by SPSS 24.

Results: There is no statistically significant difference in the rate of force
development of hamstring muscle after stretching between agonist and antagonist
muscles (P = 0.229). Although according to the results of this section, it can be stated
that an acute PNF stretching has a significant effect on the rate of force development
of hamstring muscle in athletes with dynamic knee valgus (P=0.017 and P = 0.016).

Conclusion: According to the results of the present research, it can be said that for
athletes with dynamic knee valgus, acute PNF stretching can be used to improve the
rate of force development of hamstring muscles.

Cite this article: Alizadeh F, shamsehKohan P. (2023). The Effect of an Acute PNF Stretching on the
Rate of Force Development of Hamstring and Quadriceps Muscles among Athletes with
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Extended Abstract
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Introduction

Dynamic knee valgus as a set of kinematic changes of the lower extremity, including increased adduction of the hip joint
and internal rotation of the proximal components, abduction of the knee and external rotation of the distal components,
involves several movement planes and may cause serious injuries during exercise and weight bearing. It affects the knee
joint and leads to anterior cruciate ligament damage and lower extremity injuries, including patellar knee pain syndrome.
Among all stages of preparation for competition or training, stretching exercises including Proprioceptive Neuromuscular
Facilitation (PNF) stretching exercises as part of warm-up or pre-competition warm-up to further improve maximal
muscle performance, reduce muscle damage, reduce muscle stiffness and increase mobility. As a result, the aim of this
research is to investigate the effect of an acute PNF stretching on the rate of force development of hamstring and
quadriceps muscles among athletes with dynamic knee valgus.

Methods

The statistical population of the present study consisted of young girls which were athletes and had dynamic knee valgus.
These people were physical education students who had regular sports activities five times a week. The statistical sample
of the present study includes 12 young female athletes who were selected using available and targeted sampling. For this
purpose, volunteers were first asked to participate in the single leg squat test study. If knee valgus was observed while
performing the task, people were selected to participate in the study. The subject's unwillingness to continue the study
process, history of injury in the last six months, surgery on the lower extremity, or any complication or defect that leads
to impaired walking and maintaining balance, were part of the exclusion criteria from this study. First, the subjects were
familiarized with the test implementation process and filled the consent form for voluntary participation in the tests.
General characteristics, weight and height of subjects were measured. It should be noted that all the subjects were asked
to wear appropriate clothes for performing clinical tasks and activities on the force plate. The next step was to select
people with dynamic knee valgus and exclude healthy people by performing the single leg squat test by the subjects and
observing the movement from the front. After this stage, the subjects performed the protocol of PNF stretching for the
target muscle and then were placed on the force plate to perform relevant analyses, and the rate of force development was
evaluated according to the established protocols. Since the investigation of the acute effect of stretching was desired by
the researcher, PNF stretching process was performed for the target muscle before each test. In order to ensure that all the
data are available, the data collection process was repeated 3 times. PNF stretching that was used in this study includes:
1. Being in the right position to start stretching, 2. Antagonist muscle contraction that leads to active stretching, 3.
Contraction of the antagonist muscle and simultaneously create passive tension on the target muscle, 4. Staying in the
same position (passive stretching) and contracting the target muscle for up to 8 seconds, 5. Muscle relaxation includes
keeping it stretched despite the removal of passive tension, 6. Active contraction of the antagonist and passive stretching
of the target muscle for 15 to 30 seconds. Analysis of variance with repeated measurements was used for statistical
analysis of the data by SPSS 24.

Results
The rate of force development in two muscle groups of hamstring and quadriceps under three conditions: without
stretching, stretching of agonist and stretching of antagonist muscles, showed that in the hamstring group, with stretching
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of agonist and antagonist muscles, the rate of force development increased by 38 and 70% respectively. This result was
different in the group of quadriceps muscles. Thus, by applying stretching on the agonist and antagonist muscles, the rate
of force development decreased (10%).

The results of the post hoc LSD test showed that in the hamstring group, stretching the agonist and antagonist muscles
led to a statistically significant difference compared to the state without stretching (P = 0.016 and 0.017, respectively).
But there was no statistically significant difference in the rate of force development of hamstring muscles after stretching
between agonist and antagonist muscles (P = 0.229). As a result, it can be stated that an acute PNF stretching has a
significant effect on the rate of force development of hamstring muscles in athletes with dynamic knee valgus. But in the
quadriceps muscle group, the process was completely different and no statistically significant difference was observed
between any of the three stretching modes (no stretching, agonist stretching and antagonist stretching). Based on this, an
acute PNF stretching has no significant effect on the rate of force development of quadriceps muscle in athletes with
dynamic knee valgus.

Conclusion

According to the results, it can be stated that in the hamstring group, stretching the agonist and antagonist muscles has
led to a statistically significant difference compared to the without stretching. Although there is no statistically significant
difference in the rate of force development of the hamstring muscle group after stretching the agonist and antagonist
muscles. According to the results of this section, it can be stated that an acute PNF stretching has a significant effect on
the rate of force development of hamstring muscles in athletes with dynamic knee valgus.

In general, the result obtained from the current research is that an acute PNF stretching can be useful for the hamstring
muscles to improve the rate of force development, and as a result, it can be said that for athletes with dynamic knee
valgus, the acute PNF stretching can be used to develop hamstring muscle strength. However, although most studies have
shown a significant reduction in force production following stretching, more research is needed, particularly focusing on
different PNF stretching methods.
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