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Range of motion of the knees and muscular activity during front crawl
— with a focus on genu recurvatum —
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Abstract

BACKGROUND: Genu recurvatum (GR) is a common entity that may have negative
consequences to knee structures. It is a common physical characteristic, especially in swimmers,
who sometimes experience knee pain and muscle fatigue in the legs as a result of having GR.
Some sources claim, however, that having GR is a key factor in becoming an elite swimmer.
However, to the best of our knowledge, no articles have been published dealing with GR in
swimmers. PURPOSE: To determine the difference range of motion of the knees and muscular
activity during front crawl kicking between swimmers with and without GR. METHOD: Four
well-trained collegiate swimmers (one male with GR and one male without GR, one female with
GR and one female without GR) participated in this study. The trials consisted of a 25-meter
front crawl swim. The range of motion of the knees and muscular activity were measured
using underwater sensors and surface electromyograms (EMG), respectively. Surface EMG
electrodes were placed on the following muscles: Gluteus Maximus, Rectus Femoris, Vastus
Medialis, Semitendinosus, Biceps Femoris and Gastrocnemius. EMG data were analyzed
using a root-mean-square algorithm. Maximal voluntary isometric contraction (MVC) was
established for each muscle in order to express it as a percentage of MVC and allow standardized
comparison across subjects. RESULTS: Swimmers with GR kicked down at the range of
knee hyperextension. The muscular activity of the knee extensors and flexors were ascertained
alternately in synchronization with kicking up and down. The duration time of co-contraction of
the knee extensors and flexors at terminal knee extension was very short. The muscular activity
pattern was not remarkably different between swimmers with and without GR. The %MVIC of
the Semitendinosus and Gastrocnemius of both male and female swimmers with GR was found
to be greater than that of swimmers without GR. CONCLUSIONS: Swimmers with GR are able
to kick down at the range of knee hyperextension during front crawl kicking, and that enables
them to kick more water. On the other hand, swimmers with GR suffer from muscle fatigue in the
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legs more than swimmers without GR. Joint stability during front crawl kicking for swimmers
is poor as a result of not having adequate leg co-contraction—which is an important part of
joint stability. The findings suggest that swimmers with GR face a greater risk of knee injury
and muscle fatigue in the legs. The prevention of injuries without deteriorating performance in
swimming for swimmers with GR should be discussed.
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