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| Abstract |

Purpose: The present study investigated how variations in diagonal exercises affect shoulder muscle activity, examining
changes in neuromuscular activation during scapular and shoulder diagonal patterns of exercises. Furthermore, we explored
whether the exercise phase affects muscle activation.

Methods: Sixteen asymptomatic male participants were recruited. Four diagonal pattern exercises (scapular anterior elevation,
posterior elevation, flexion-adduction-external rotation, flexion, abduction-external rotation), and two exercise phases
(concentric and eccentric) were administered. Surface electromyography data were collected.

Results: Upper trapezius activity was significantly higher during the concentric phase of scapular posterior elevation exercises
compared with the others (p<0.05). The serratus anterior, anterior deltoid, and infraspinatus activities were significantly higher
during shoulder diagonal pattern exercises compared with the scapular diagonal pattern exercises (p<0.05). Except for the lower
trapezius, muscular activities during the concentric phase were significantly greater compared with the eccentric phase (p<0.05).
Conclusion: The current study suggests that the diagonal pattern of exercise may contribute to selective strengthening
of the shoulder complex muscles and that the form of exercise should be tailored to the subject. It also suggests that
diagonal exercises with concentric contractions tend to be more beneficial than eccentric contractions for overall muscle

recruitment, but the effects vary for specific diagonal patterns.
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Table 1. Descriptive statistics for normalized EMG data (%MVIC) during the diagonal pattern of exercises

Exercise )
Muscle Phase Phase Exercise

AE PE Flex-Add-Ext Flex-Abd-Ext
Concentric 18.55+12.55 45.91+15.07 24.15+11.69 31.20+13.58

uT .00 .00?

Eccentric 19.13+16.14 28.13+15.14 21.47+10.40 25.84+9.00

Concentric 10.45+6.55 26.12+19.51 13.79+7.59 39.66+16.50

LT 47 .00?
Eccentric 26.55+14.06 21.59+16.73 9.244+4.33 28.30+15.99
Concentric 18.41+5.58 14.36+9.00 46.79+19.34 47.40422.23

SA .00° .00
Eccentric 16.00+6.57 16.48+10.15 30.03+18.61 39.03+19.84
Concentric 5.26+3.52 7.01£5.12 34.87+14.98 42.77+15.86

AD .00° .00
Eccentric 5.18+2.52 8.34+4.32 20.85+6.79 35.97+11.55
Concentric 15.31+10.21 12.80+9.17 38.01+13.82 33.90+11.88

IS .00 .00?
Eccentric 12.86+9.16 9.5749.13 27.25+10.33 23.86+13.20

* * significant difference in factor of the exercise (p <0.05).

b

: significant difference in factor of the phase (p <0.05).

UT: Upper trapezius, LT: Lower trapezius, SA: Serratus anterior, AD: Anterior deltoid, IS: Infraspinatus
AE: Anterior elevation, PE: Posterior elevation, Flex-Add-Ext: Flexion-Adduction-External rotation, Flex-Abd-Ext: Flexion-

Abduction-External rotation
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Upper trapezius Lower trapezius Serratus anterior

100+ *

%MVIC

Concentric Eccentric Concentric Eccentric oncentric Eccentric

EE8 Anterior elevation E== Posterior elevation & Flex-Add-Ext [ Flex-Abd-Ext
* Significant difference among exercise conditions (p < 0.05)

Fig. 1. The normalized EMG data (%MVIC) of the UT, LT, and SA during the diagonal exercise variation.
Anterior deltiod Infraspinatus

100 - * *

o e et e
g LA g rﬁ

Concentric Eccentric Concentric Eccentric

E==3 Anterior elevation E= Posterior elevation E= Flex-Add-Ext [ Flex-Abd-Ext

%MVIC

* Significant difference among exercise conditions (p < 0.05)

Fig. 2. The normalized EMG data (%MVIC) of the AD and SA during the diagonal exercise variation.
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