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INTRODUCTION: Very few scientific studies have dealt with shoulder problems in
gymnasts. A review of the pertinent literature up to 1987 (9) found only one study
(12) which reported shoulder problems in gymnasts. In other sports with overhead
activities shoulder injuries are very common (1,6). A few recent case reports deal
with shoulder problems in gymnasts (4,5,13). In our unit we have recently treated
five competitive gymnasts with severe shoulder problems. They were all found to
have so called SLAP-lesions (Superior Labrum Anterior Posterior) or other labral
pathologies of the shoulder when examined with arthroscopy (2), even though they
had never dislocated their shoulders. Since four of them became aware of their
acute shoulder problems during ring exercises in suspension, we decided to make
an EMG study of the shoulder musculature during exercises on the parallel bars
and rings.
METHODS: Three 19-year-old Italian elite gymnasts without any shoulder
problems volunteered to participate in an EMG study on parallel bars and rings
exercises. Surface electrodes (Blue Sensors, Meditest DN, type 55-00) were
applied over the following six muscles: Pectoralis Major, Deltoid, Biceps Brachii,
Triceps Brachii, Trapezius, and Latissimus Dorsi. Prior to applying the surface
EMG electrodes on the appropriate positions of the muscles, the skin was shaved
and cleaned with alcohol. Six of the 16 channel telemetric bio-amplifiers (Telemyo
16, Noraxon, OY Finland) were used to transmit the EMG signal to a PC Pentiumbased data acquisition system (Myosoft Research Software, Noraxon Inc. Arizona
USA). The low-noise raw EMG signals were acquired at 1000 samples/s,
converted and saved on the hard disk of the computer for later processing.
The EMG data were RMS-converted with a time constant of 20 ms. From the RMS
EMG data, the peak activity (###V) were recorded for different phases of the
exercises.
RESULTS: The EMG recordings showed that pectoralis major, biceps brachii and
deltoid showed the highest and longest activity during the exercises when the
athletes were pushing with their arms. When the athletes were performing the socalled "giant swing," that is letting their bodies fall from an upside down standing
position in the rings until hanging in their outstretched arms, we found that the
EMG activity of the studied muscles, which was high during the beginning of the
fall, dropped to low values (about 10% of their max. activity) towards the latter part
of the fall. The load on the shoulder at the moment the athletes reached the lowest
point and their arms were stretched out must, however, have been very large. The
EMG activity then rapidly rose to high levels– peak value (see Table 1).
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Table 1 Average EMG values (in ###V) from the shoulder muscles of the three
normal competitive gymnasts during the last part of the "giant swing" (peak) and
from the "critical phase“ just before reaching vertical hanging position.
Peak activity
during giant
swing
Pectoralis major

763 ###V

Critical phase just
before reaching
vertical position
74 ###V

Biceps brachii

698###V

67###V

Triceps brachii

520###V

53###V

Deltoid

702###V

70###V

Trapezius

713 ###V

72###V

Latissimus dorsi

465 ###V

41 ###V

DISCUSSION: It is easy to understand why the high angular velocities in sports
like baseball can lead to shoulder problems. In gymnastics the angular velocities
are not as high, but the shoulder can be exposed to considerable loads, especially
during the giant swing. In a study of Italian elite gymnasts we found a 46%
incidence of shoulder problems. They all reported pain during the ring exercises.
Of the five gymnasts with labral pathology, four had SLAP-lesions. This is
interesting, since none of them had had any shoulder dislocations or were found to
be lax. The high loads, 6.5-9.2 times body weight (3) on the arms at the end of the
giant swing and the fact that the muscles seem to be "unprepared" for a load of
many times body weight can explain why the long biceps tendon pulled out its
insertion into and of the superior labrum from the glenoid and caused a SLAPlesion. Further biomechanical studies are planned to explain and if possible to
prevent this injury. It should also be pointed out that since we only used surface
electrodes, we could not record the activities in, i.e., the rotator cuff muscles.
We have also talked with advanced gymnastic trainers about modifications of the
rings in order to make them somewhat more elastic. This might be able to prevent
SLAP-lesions. Another possibility might be proprioceptive training. We
demonstrated earlier (10) that the labrum has free and corpusculated nerve fibers.
Others (7,8) have also stressed the importance of proprioception for the stability
and normal function of the shoulder. A proprioceptive training program for the
shoulders might therefore be another way of trying to prevent SLAP lesions in elite
gymnasts.
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