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Abstract

PURPOSE : To determine the patterns of electromyographic (EMG) responses and torques of up-
per extremity muscles in overhead throwers during maximal, eccentric muscle action for shoulder
flexion (Flexg..), abduction (Abdge.) and diagonal activities (Diag..) with full glenohumeral in-
ternal rotation, at 60, 120, and 180°/s on the dynamometer.
METHODS : Seven asymptomatic subjects (7 men, 4 women) who participate in overhead sports
at least three days a week volunteered to participate in this study. Subjects were randomly per-
formed with the test procedure which consisted of at least 5 grade maximal-effort repetitions on
the three different testing conditions, at 60, 120, and 180°/s on the dynamometer, while we asses-
sed muscle activation of the anterior deltoid (AD), middle deltoid (MD), posterior deltoid (PD),
upper trapezius (UT), middle trapezius (MT), lower trapezius (LT), and biceps brachii (BB)
muscles by surface electromyography. EMG data was expressed as a percentage of maximum
voluntary isometric contraction (%MVIC) that was obtained from the highest root mean square
(RMS, 50 ms) of each muscle and was normalized and averaged.
RESULT : AD muscle elicited lower muscle activity during Diage. than Flexg.. and Abdge, (P<
0.05) while the MD, PD, UT, MT, and LT muscles elicited overall greater muscle activities during
Diage.. MD and MT muscle activities were significantly greater for the faster speed than for the
slower speed as 60°/s during Abdge. (P<0.05). Peak torque generated greater muscle strength
for Diage. than Flexg,, and Abdge., and it was significantly greater for the faster speed than
slower speed during Diag.. (P<0.05).
CONCLUSION : Posterior upper extremity muscle activities and peak torque values were found
to be dependent on eccentric muscle action for diagonal shoulder activity at the faster speed. This
study provided evidence that isokinetic eccentric muscle strength testing of the posterior upper
extremity muscle was effective to develop of a proper program for overhead sports athletes re-
quire forceful stability during deceleration phase.

(Jpn. I. Phys. Fitness Sports Med. 2009, 58 : 143~154)
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. les namely agonists, such as a decelerator from
I. Introduction

forceful repetitive movementz). Previous studies

Injuries to the shoulder joint and muscles are
common in overhead sports that require overhand

arm motionsl)

. The dynamic action in overhead
sports generates a forceful activity of eccentric
load on posterior upper extremity muscles located
from scapula and may lose the ability to maintain

balanced relation with posterior rotator cuff musc-

agree that many of the throwing injuries occur dur-
ing the follow-through phase in which muscles of
the shoulder are contracting eccentrically to deceler-
ate the limb after the ball has been released®® .
Furthermore, Fleisig et 31.5) noted that the shoulder
joint to generate forceful activity for horizontal

adduction, internal rotation, and superior translation
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of the abducted humerus may cause compulsory sub-
acromial impingement after ball release.

Although, in overhead sports, rotator cuff muscles
with the flexion, abduction and external rotation
movements of the shoulder joint during the wind-up
and cocking phases are required dynamic mobiliza-

tion to maintain humeral head congruency5~7)

, post-
erior upper extremity muscles which require repeti-
tive bouts of high-velocity arm movement have not
only to decelerate the arm, but also to mobilize
dynamic stabilization of the shoulder joint during a
sudden change as deceleration phase4’8‘9>. Previous
studies noted that the shoulder joint continued inter-
nal rotation and horizontal adduction during
follow-through phases in throwing while the deltoid,
trapezius and biceps brachii muscles act eccentrical-
ly to decelerate the arm6’8).

Consequently, many authorslo~17) have advocated
emphasis on coordination of shoulder muscle during
rehabilitation or athletic conditioning programs to
enhance muscular strength and endurance in over-
head athletes by using electromyography (EMG) to
obtain sufficient data. Cools et al.'® demonstrated
the stabilizing role of upper extremity muscles by
using muscle latency times for the temporal recruit-

ment pattern. Anders et al.”)

reported activation
characteristics of shoulder muscles during isometric
exercises at four different angular positions in fron-
tal, sagittal, and horizontal planes. Furthermore, a
number of studies have estimated the relationship
between EMG and isokinetic muscle strength tests to
analyze the function of shoulder muscleslg~20).
Isokinetic muscle strength testing has been used
by researchers to assess concentric and eccentric
peak torque as to the injury ratio of shoulder musc-
les in overhead athlete39’21~25). Furthermore,
Milesky et 31.23) suggested that eccentric strength
required for posterior upper extremity muscles dur-
ing the follow-through phase might be the most cri-
tical to injury. Accurate muscular activity like this
would have provided the efficient information to
athletic trainers, coaches, and athletes, in addition to

providing a valid approach to assist in rehabilitation

after injury and injury prevention for throwers. In
the overhead athlete, an accurate data of eccentric
antagonist muscle strength is critical for dynamic
stability and optimal function. Park et al‘zo) demons-
trated the role of eccentric upper extremity muscle
action throughout maximal eccentric muscle action

for shoulder joint activity with various positions

~and two speeds in neutral rotation of glenohumeral.

Although several studies have investigated the
muscle strength of the shoulder and arm muscles in
overhead throwers as to analyze eccentric muscle
strength of the shoulder muscle in an abduction and

diagonal patternszo’zz'%’m)

, investigations in this
area have lacked statistical analysis among eccentric
shoulder muscle action with various shoulder posi-
tion and velocities, such as the flexion, abduction
and diagonal patterns with particularly glenohumer-
al internal rotation. Therefore, our study would
have selected testing in various shoulder position
and velocities for choosing appropriate rehabilita-
tion or athletic conditioning programs, as emphasis
on coordination of shoulder muscle. These results
may be contribute to athletes engaged in sports like
overhead throwing, as an efficient data of the muscle
strength and activity for posterior upper extremity
muscles during eccentric muscle strength testing.
The purpose of this study was to examine the pat-
tern of EMG responses and torque during maximal,
eccentric muscle action for shoulder flexion, abduc-
tion and diagonal activities with full glenohumeral
internal rotation, at 60, 120, and 180°/s on the dyna-
mometer. In this paper, we hypothesized the follow-
ing : 1) upper extremity muscles will show different
muscle activity patterns for eccentric muscle action ;
2) EMG values will change due to different position
and velocities ; 3) peak torques will show different

patterns due to specific position and velocities.
I. Methods

A. Subjects
Seven men (mean age, 24.6 = 1.8years ; mean
height, 177.1+2.2 cm ; mean body mass, 70.6+4.4

kg) and four women (mean age, 21.3+0.8years ;
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TABLE 1. Characteristics of subjects.

Ve e g P Do,
1782 75.5 23 Javelin throw 7 Right Male
175.1 75.5 27 Javelin throw 10 Right Male
174 68.2 22 Javelin throw 6 Right Male
179.7 74.1 26 Handball 10 Right Male
175 71.2 25 Handball 9 Right Male
178.2 65.5 23 Volleyball 8 Right Male
179.7 64.1 26 Volleyball 11 Right Male
158 56 22 Handball 7 Right Female
158.2 524 21 Handball 9 Right Female
162.4 : 55 22 Javelin throw 6 Right Female
163.1 54.5 20 Javelin throw 6 Right Female

mean height, 160.4+2.3 ¢cm ; mean body mass, 54.5
+ 1.3kg) subjects who participate in overhead
sports at least three days a week volunteered to par-
ticipate in this study (Table 1). All subjects were
tested to a dominant arm being defined as the arm
used to throw or spike. Subjects gave informed con-
sent prior to participating in the study. The study
protocol was approved by the Human Research
Ethics Committee of the University of Tsukuba.

All subjects were asymptomatic and free from
musculoskeletal shoulder injuries at the time of test-
ing. None of the subjects included had shoulder pain,

discomfort, or any prior shoulder surgery.

B. Isokinetic testing

[sokinetic eccentric measures on the shoulder joint
were performed on a System 3 isokinetic device
(Biodex, New York, USA) with the upper body exer-
cise and testing table. Prior to isokinetic testing,
each subject underwent warm-up using an upper-
body ergometer for approximately 5-min after
stretching the major shoulder muscle groups. After a
brief explanation of the testing procedures, subjects
performed practice sessions for 3 submaximal trials
to familiarize themselves with eccentric muscle ac-
tion at a velocity of 60, 120, and 180°/s, respective-
ly. Passive shoulder movement occurred after each

eccentric muscle action at a speed of 30°/s. During

testing, subjects were seated on System 3 device
with 90° hip flexion, and restraining straps were
placed across the waist and chest in addition to a
rigid sternal stabilizer. Subject was allowed a
Z-minute rest period between exercises to control
for any fatigue effect, and were asked to exert them-
selves to the fullest extent possible.

Isokinetic eccentric muscle action for shoulder fle-
xion activity (Flexp..) was performed eccentrically
at 130° of shoulder flexion and 70° of horizontal
adduction with full glenohumeral internal rotation,
and the ending position was placed at 30° of shoul-

der flexion (Fig. 1). Isokinetic eccentric muscle ac-

Start position, 130°

End position 30°

A, Horizontal view

FIGURE 1.  Eccentric muscle action with shoulder fle-
xion activity (Flexgee). A. Horizontal plan, starting
position with full glenohumeral internal rotation in
70° of horizontal adduction ; B. Sagittal plan, start-
ing position at 130° of shoulder flexion. Data were
collected for specific muscle during eccentric muscle
action at a velocity of 60, 120, and 180°/s, respec-
tively.

B. Sagittal plane

NI | -El ectronic Library Service



The Japanese Soci ety of Physical

Fitness and Sport Medicin

146

Start position, 130°

End position 30"

A. Horizontal view

FIGURE 2.

respectively.

Start position, 130° ‘\%
\ 3o Bl
A}

End position

e

B. Frontal plane

A. Horizontal view

FIGURE 3.

Eccentric muscle action with diagonal shoulder
activity (flexion/abduction/external rotation, Diage.). A.
Horizontal view, starting position in 0° of horizontal adduc-
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180°/s, with the order randomly selected
for accuracy of data.

Each eccentric muscle action was fol-
lowed by a passive shoulder movement.
During the isokinetic test, the peak torque
(in Nm) for each condition was obtained
from the dynamometer’s dedicated soft-
ware. The average peak torque of the five

maximal repeated contractions in each

Eccentric muscle action with shoulder abduction
activity (Abdgee). A. Horizontal plan, starting position with
full glenohumeral internal rotation in 30° of horizontal adduc-
tion ; B. Frontal plan, starting position at 130° of shoulder
abduction. Data were collected for specific muscle during
eccentric muscle action at a velocity of 60, 120, and 180°/s,

testing condition was calculated and used
for computing the dynamic muscle activity
namely the eccentric strength of the fle-
xion, abduction, and diagonal at each

angular velocity.

C. EMG procedures

Prior to isokinetic testing, subjects per-
formed a 5-s maximal voluntary isometric
) contraction (MVIC) for each muscle to en-
sure correct placement of the electrodes,
and to assess for the purposes of EMG

trial normalizationm‘lg’zs). The positions

B. Frontal plane

for MVIC performance were chosen based
on standard muscle strength testing posi-

tionszg). EMG activity at the sector of mo-

tion ; B. Frontal plan, 130° of shoulder abduction (with a

light elbow flexion) in a total range of motion of 100° with
full glenohumeral internal rotation. Data were collected for
specific muscle during eccentric muscle action at 60, 120, and

180°/s.

tion for shoulder abduction activity (Abdge.) was
performed eccentrically in a range from 130° to 30°
of shoulder abduction and 30° of horizontal adduc-
tion (scapula plane) with full glenohumeral internal
rotation (Fig. 2). Isokinetic eccentric muscle action
for diagonal shoulder activity (flexion/abduction/
external rotation, Diag..) were performed from 130°
of shoulder abduction (with a light elbow flexion) in
a total range of motion of 100° with full glenchumer-
al internal rotation (Fig. 3). Subjects were familia-
rized with the test procedure which consisted of at
least 5 grade maximal-effort repetitions at each of
the three different testing conditions : 1) Flexgec, 2)
Abdge., and 3) Diag,. at a velocity of 60, 120, and

tion containing the peak torque was simul-
taneously determined visually and identi-
fied using cursors.

EMG activity was recorded individually
from the anterior deltoid (AD), middle deltoid (MD),
posterior deltoid (PD), upper trapezius (UT), mid-
dle trapezius (MT), lower trapezius (LT), and
biceps brachii (BB) muscles. The AD muscle elec-
trode was placed 1 finger-width distal and anterior
to the acromion, and the MD muscle electrode was
placed to a major protuberance from the acromion to
the lateral epicondyle of the elbow. For PD muscle,
the electrode was placed about 2 finger-widths post-
erior to the acromion. The UT muscle with supraspi-
natus electrode was placed midway between the spi-
nous process of the seventh cervical vertebra and
the posterior tip of the acromion process along the

line of the trapezius muscle, and the MT muscle
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electrode was placed midway on a horizontal line be-
tween the root of the spine of the scapula and the
third thoracic spine. LT muscle electrode was placed
at 2/3 on the line from the trigonum spinea to the
8™ thoracic vertebra. The BB muscle electrode was
placed on a line between the medial acromion at 1/3
at the distance from the cubital fossa®®®". A refer-
ence electrode was placed over the seventh cervical

spine process.

D. Signal processing

Electrodes were connected to a WEB-5000 8-
channel frequency-modulation transmitter (Nihon
Kohden, Tokyo, JAPAN). Accuracy of the differen-
tial amplifier was measured using a Common Mode
Rejection Ratio (CMRR) of 110 dB at 60 Hz, a gain of
1000, and noise<0.2 #V (EMG 100, BIOPAC Sys-
tem, Santa Barbara, USA). Amplitude of the raw
EMG signal from the receiver was interfaced with a
computer using 16 channels through a 16-bit A/D
card (UIM 100 ; BIOPAC System). During the test,
the System 3 device and Biopac system were con-
nected to accurately determine range of motion
simultaneous with EMG. Acetabuliform Ag/AgCl
bipolar surface electrodes (5-mm diameter recording
surface, NT-511G, Nihon Kohden, Tokyo, Japan)
were placed along the main direction of muscle
fibers with an inter-electrode center-to-center dis-
tance of 20 mm. All data were stored on a personal
computer and Acknowledge 3.7.3 software (BIOPAC
System) was used for data processing and analysis.
Sampling rate was set at 1000 Hz per channel. The
EMG signal was band-pass filtered at 10~500 Hz.
EMG data was recorded individually from each mus-
cle, and peak torque values were extracted for each
test from torque curves once.

Root mean square (RMS) values were calculated for
consecutive segments of 50 ms!®16:32) order to
allow comparison of the activity in subject’s dif-
ferent muscles and the activity in specific muscles
among different individual RMS data were normal-
ized to the highest recorded value, and were ex-

pressed as a percentage of maximum voluntary con-

traction (%MVIC) produced by the muscle activity,
and the mean and standard deviation of %MVIC
were determined for each muscle during the dif-

ferent tasks.

E. Data analysis

To determine differences for normalized value be-
tween different tasks within each testing speed, one-
way repeated-measure analysis of variance (one-
way ANOVA) was used, and to test the relationship
between different speeds within each task selected
for eccentric muscle action. An a level of 0.05 with
a confidence interval of 95% was used in determin-
ing significant differences (P<0.05). Post hoc
analyses were performed using a Bonferroni proce-
dure when significant differences were found with
analysis of variance. Bonferroni corrections were
applied to t test to maintain type I error rate at<<5%
(P<0.05). Threshold for significance was set at P
<0.017 for post hoc testing. All statistical analyses
were performed using the statistical package for the
social sciences, version 11.0 (SPSS, Chicago, Illi-
nois, USA).

M. Result

Mean and standard deviations of EMG activity for
each muscle during eccentric muscle action with
shoulder flexion, abduction, and diagonal activity

were displayed in Table 2.

A. Specific muscle activity by different speeds

EMG activity for specific muscle during the
Flexge. and Diag,. was not statistically significant
between different speeds, but for the MD, MT, and
BB muscles, EMG activities during the Abdg.. were
statistically significant between different speeds
(MD, F=8.24, P<0.05; MT, F=5.96, P<0.05 ;
BB, F=13.82, P<0.001). Post hoc analyses for the
MD, and MT muscles data revealed that muscle acti-
vities were significantly greater for the 180°/s than
for 120°/s (both, P<<0.05), but BB muscle activity
was significantly greater for the 60°/s than for
120°/s and 180°/s (P<0.001, and P<0.05, respec-
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TABLE 2. Means (standard deviation) expressed of as %MVIC for electromyography activity
of eccentric muscle action with various shoulder tasks.
Tk SpeedsC) el Dagc Dl Toeows Tapeis Toeews bt
60 88.5(22.9) 59.4(13.7) 51.7(15.6) 60.2(15.5) 130.5(41.2) 42.9(6.2) 34.3(15.8)
Flexg,, 120 85.9(28.1) 82.5(27.0) 57.0(26.7) 105.8(65.8) 106.3(46.0) 69.4(33.6) 357(15.0)
180 73.0(16.2) 76.5(24.8) 75.7(34.0) 100.1(42.6) 93.1(33.8) 58.9(37.0) 45.3(15.0)
60 64.3(11.0) 97.1(32.9)° 43.5(17.3) 107.5(47.9) 67.1(23.87° 36.1(11.0) 3'7.3(10,8)"‘b
Abdg,, 120 79.7(17.4) 1129317 354(8.7) 122.1(60.3) 78.8(18.8) 56.6(23.5) 22.3(6.6)
180 75.0(16.9) 143.7(34.3)" 45.9(5.3) 102.4(32.4) 98.7(22.1)? 56.2(22.0) 2544(10.1)b
60 52.0(22.9) 99.7(16.2) 98.6(23.7) 130.6(63.0) 181.8(63.5) 52.2(18.1) 46.7(27.1)
Diag,, 120 73.1(35.7) 103.3(26.8) 84.9(22.4) 125.5(74.5) 150.8(47.8) 65.5(21.8) 22.8(11.4)
180 47.7(17.1) 94.1(30.3) 83.0(27.0) 142.6(43.4) 123.3(47.4) 44.0(20.1) 33.4(19.7)

Task : Flex, Fiexion ; Adb, Adbuction ; Dia, Diagonal ; Ecc, Eccentric ;
abp (.05, significant difference between different speeds within task for each muscle activity (by Bonferroni

post-hoc analysis).

tively).

B. Muscle activity by individual task

AD muscle activity was statistically significant
between different tasks at 60°/s and 180°/s (F=
11.98, P<0.001, and F=8.37, P<0.05, respective-
ly). Post hoc analyses for AD muscle data revealed
that in the 60°/s, the muscle activity was significant-
ly greater for the Flexg, than for Abdg.. and
Diage. (P<0.05, and P<0.001, respectively), and
in the 180°/s, the muscle activity was significantly
greater for the Flexpe, and Abdg., than for Diag.,
(both, P<0.05) (Fig. 4).

MD muscle activity was statistically significant
between different tasks at 60°/s and 180°/s (F=
1.11, P<0.05, and F=17.69, P<0.001, respective-

ly). Post hoc analyses for MD muscle data revealed

200 B FlexEce

that in the 60°/s, the muscle activity was significant-
ly greater for the Abdg.. and Diag. than for
Flexg. (both, P<0.05), and in the 180°/s, the mus-
cle activity was significantly greater for the Abdg,
than for Flexpe and Diag, (P<0.001, and P <
0.05, respectively) (Fig. 5).

PD muscle activity was statistically significant be-
tween different tasks at 60°/s and 120°/s (F=26.64,
P<0.001, and F=16.00, P<0.001, respectively).
Post hoc analyses for PD muscle data revealed that
in the 60°/s, the muscle activity was significantly
greater for the Diage. than for Flexg.. and Abdg.
(both, P<0.001), and in the 120°/s, the muscle
activity was significantly greater for the Diag.. than
for Flexge. and Abdge, (P<0.05, and P<0.001, re-
spectively) (Fig. 6).

UT muscle activity was statistically significant

k& *

200 1

180 . . AbdEce 180 O FlexEcc

160 l———‘ ) 160 8 AbdEce
= 3‘2‘8 1 * @ Diake o :gg [ r DiaEcc
= 100 f Z 100
= 80/ = 80 I

80 r 60 1

40 40

20 20 |

0 0

60
Test speeds (°/s) Test speeds (°/s)

FIGURE 4. EMG activity of anterior deltoid muscle FIGURE 5. EMG activity of middle deltoid muscle

during eccentric muscle action with various shoulder
activities at 60, 120, and 180°/s. *P<0.05, **p<
0.001, significant differences by Bonferroni post hoc
analysis.

during eccentric muscle action with various shoulder
activities at 60, 120, and 180°/s. *P<0.05, **P<
0.001, significant differences by Bonferroni post hoc
analysis.

NI | -El ectronic Library Service



The Japanese Soci ety of Physical

Fitness and Sport Medicine

UPPER EXTREMITY MUSCLE ACTIVITIY AND STRENGTH 149

O FlexEce
B AbdEce
DiaEcc

% MVIC
>
33

Test speeds (°/s)

FIGURE 6. EMG activity of posterior deltoid muscle
during eccentric muscle action with various shoulder
activities at 60, 120, and 180°/s. *P<0.05, **P<
0.001, significant differences by Bonferroni post hoc
analysis.

0 FlexEce
AbdEcc
B DiaEcc

60 120 180
Test speeds (*/s)

FIGURE 8. EMG activity of middle trapezius muscle
during eccentric muscle action with various shoulder
activities at 60, 120, and 180°/s. *P<0.05, **p<
0.001, significant differences by Bonferroni post hoc
analysis.

between different tasks at 60°/s(F=5.34, P<0.05).
Post hoc analysis for UT muscle data revealed that
the muscle activity was significantly greater for the
Diag,. than for Flexg.. (P<0.05) (Fig. 7).

MT muscle activity was statistically significant
between different tasks at 60°/s and 120°/s (F=
13.38, P<0.001, and F=12.91, P<0.001, respec-
tively). Post hoc analyses for MT muscle data re-
vealed that in the 60°/s, the muscle activity was sig-

nificantly greater for the Diagc. than for Abdg.. (P

200 ¢
180
160 F
140 r
120 F
100 f
80 r
60
40 r
20
0

% MVIC

A FlexEce
AbdEcc
DiaEce

% MVIC
N
(=)

60 120 180
Test speeds (°/s)

FIGURE 7. EMG activity of upper trapezius muscle
during eccentric muscle action with various shoulder
activities at 60, 120, and 180°/s. >"P<O.05, signifi-
cant differences by Bonferroni post hoc analysis.

160 £ FlexEcc
I AbdEcc
@ DiaEcc

% MVIC

Test speeds (°/s)

FIGURE 9. EMG activity of lower trapezius muscle
during eccentric muscle action with various shoulder
activities at 60, 120, and 180°/s.

<0.001), and in the 120°/s, the muscle activity was
significantly greater for the Diag., than for Flexg,.
and Abdg.. (P<0.05, and P<0.001, respectively)
(Fig. 8).

LT muscle activity among 3 speeds was not statis-
tically significant between different tasks (Fig. 9).

BB muscle activity was statistically significant be-
tween different tasks at 120°/s (F=6.41, P<0.05).
Post hoc analysis for BB muscle data revealed that

the muscle activity was significantly greater for the

O FlexEcc
5 AbdEcc

Test speeds (°/s)

FIGURE 10.

EMG activity of biceps brachii muscle during eccentric muscle action with

various shoulder activities at 60, 120, and 180°/s. *P<0.05, significant differences by

Bonferroni post hoc analysis.
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Flexg,. than for Abdg.. (P<0.05) (Fig. 10).

C. Muscle strength by different speeds

Peak torque value for muscle strength during the
Flexge, and Abdg.. was not statistically significant
between different speeds, but for muscle strength,
peak torque value during the Diag., was statistically
significant between different speeds (F=6.25, P<
0.05). Post hoc analysis of the muscle strength data
revealed that peak torque value was statistically
greater for the 180°/s than for 120°/s (P <0.05)
(Table 3).

D. Muscle strength by individual task

Peak torque value was statistically significant be-
tween different tasks at 60°/s, 120°/s, and 180°/s (F
=16.79, P<0.001, F=13.26, P<0.001, and F =
20.51, P<0.001, respectively). Post hoc analyses
for peak torque data revealed that the muscle
strength was significantly greater for the Flexg,
and Diape. than for Abdg. in the 60°/s (P<0.05,
and P<0.001, respectively) and 120°/s (P<0.001,

TABLE 3. Peak torque value during eccentric muscle
action with various shoulder tasks.
Speeds (° /s)  Flexg, Abde,, Diag,,
60 52.3(8.2) 47.8(10.4) 54.9(10.4)
120 52.5(13.2) 45.4(11.8) 50.1(12.1)
180 51.5(11.5) 46.7(15.1) 60.4(17.6)

8P <0.05, significant difference between different speeds
within each task (by Bonferroni post-hoc analysis).

tl FlexEce
AbdEcc
DiaEcc

o
o
T

Peak torque (Nm)
w
Q

60 120 180
Test speeds (°/s)

FIGURE 11. Peak torque values of muscle strength
during eccentric muscle action with various shoulder
activities at 60, 120, and 180°/s. *P<0.05, **pP<
0.001, significant differences by Bonferroni post hoc
analysis.

and P<0.05, respectively), and in the 180°/s, the
muscle strength was significantly greater for the
Diage. than for Flexpe and Abdg.. (P<0.05, and P
< 0.001, respectively), for the Flexg. than for
Abdge. (P<0.05) (Fig. 11).

V. Discussion

Eccentric muscle action for overhead thrower is
crucially act that uses upper extremity muscles of
shoulder joint during the deceleration phase of the
throw. Our study was to specifically describe
whether EMG activity of upper extremity muscles
were affected with the various testing velocities
among the maximum-effort eccentric muscle actions
in three different shoulder positions with gleno-
humeral internal rotation, including a functional pat-
tern performing in the rehabilitation or training of
shoulder. The results of the present study indicate
that upper extremity muscle strength is differently
generated to decelerate the arm during eccentric
muscle action with various position and velocities.
The goal of our study was to examine how specific
muscles are being activated among eccentric muscle
action in isokinetic device, and which tasks are most
effective in facilitating activation to depend on the
quality of upper extremity muscles believed to be
important among the deceleration phase for

throwers.

A. Muscle activities for various speeds and
positions

Our study for accurate data, normalization of the
EMG variable with respect to a reference value
obtained in the individual shoulder muscle which
estimated the manual muscie testing, and processing
data, used the %MVIC of each muscle to compare
various muscle activities of different subjects during
several activities. Our results for the EMG variable
indicate that the RMS is for normalization of muscle
voluntary contraction data for dynamic muscle activ-
ity such as to provide a better understanding of spe-
cific muscle firing patterns. Results of data proces-

sing for the RMS in the present study have resem-
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bled patterns from previous studies by Myers et
al.15) and Illyes et al.sz).

Jobe et al.G) described that three part of deltoid
muscle (anterior, middle, and posterior) displayed
similar patterns with peak activity in the early cock-
ing and follow-through stages. Illyes et al.gz) re-
ported that both of the anterior and middle deltoid
muscles elicited maximal muscle activity by the jave-
lin thrower group during fast overhead throw and
elevation movement. Myers et a1,15) showed that the
anterior deltoid muscle resulted in at least moderate
activation (29%MVIC) during a diagonal activity
pattern believed to be important to the deceleration
phase of throwing using the tubing, while other post-
erior upper extremity muscles elicited greater mus-
cle activities by then. Although, their studies re-
vealed each other result, these indicate that three
part of deltoid muscle activity plays a significant
role as forces generated during fast speed motion, as
to overhead throw for a muscle activation with
shoulder flexion/abduction/external rotation.

In the present study, the anterior deltoid muscle
activity was not statistically significant between dif-
ferent speeds for each eccentric muscle action with
full glenohumeral internal rotation on isokinetic de-
vice. However, the anterior deltoid muscle activity
was statistically significant between different posi-
tions within each speed. Despite the various speeds,
the anterior deltoid muscle activity showed overall
greater muscle activity for shoulder flexion than for
abduction and diagonal activity. These results indi-
cate that coordination in the anterior deltoid muscle
contraction plays a significant role in overhead
athletes during eccentric muscle action for shoulder
flexion than abduction and diagonal activity at full
glenohumeral internal rotation.

Ekstrom et al.?® examined the evidence that the
highest mean levels of EMG activity were generated
in middle trapezius muscle fivers with resistance ap-
plied while the shoulder was horizontally abducted
with external rotation (94%MVIC), and with the arm
raised overhead in line with the lower trapezius
muscle fibers (87%MVIC). In the present study, the

middle trapezius muscle was overall greater muscle
activity for shoulder diagonal activity than for fle-
xion and abduction activity, while middle deltoid
muscle activity was overall greater muscle activity
for shoulder abduction than for flexion and diagonal
activity. However, two studies are what they tested
in different speeds each other.

In the present study, the middle deltoid and
trapezius, and biceps brachii muscle activities was
statistically significant between different speeds
during eccentric muscle action for shoulder abduc-
tion activity. However, both of the middle deltoid
and trapezius muscle activities were significantly
greater for the faster speed than for the slower
speed, while the biceps brachii muscle activity was
significantly greater for the slower speed than for
the faster speed. On the basis of the results, the mid-
dle deltoid and trapezius muscles could be deter-
mined the peak muscle activity is significantly
greater during the faster speed as above 180°/s.

Illyes et a1.32)

reported that in the javelin throw
group the posterior deltoid muscle elicited the
greatest muscle activity during fast overhead throw-
ing, but it elicited the moderate muscle activity (40
~74.9%MVIC) during elevation phase. Park et
al.zo) reported that the posterior deltoid muscle
activity during eccentric muscle action was greater
muscle activity for diagonal activity than for shoul-
der abduction activity with various positions. In the
present study, the posterior deltoid muscle activity
was not statistically significant between different
speeds for each eccentric muscle action with full gle-
nohumeral internal rotation on isokinetic device.
However, this muscle showed overall greater muscle
activity for shoulder diagonal activity within each
speed, while the anterior and middle deltoid muscles
showed greater muscle activity for shoulder flexion
and abduction than for diagonal activity. Furth-
ermore, the posterior deltoid muscle in the slower
speed showed the greatest muscle activity during
eccentric muscle action for shoulder diagonal activ-
ity.

On the basis of above results, the posterior de-
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Itoid muscle may not to be significant role during
deceleration phase like the decelerator muscles
generate forceful eccentric muscle activity for shoul-
der stability. Because the posterior deltoid muscle
has a little muscle volume and activity compared
with the other decelerator muscles, it may have fati-
gued the other decelerator muscles to the point of
not providing a significant contraction at the fast
speed.

In the present study, the upper and lower
trapezius muscle activities were not statistically sig-
nificant between different speeds for eccentric mus-
cle action with full glenohumeral internal rotation on
isokinetic device. The lower trapezius muscle
showed no significant difference at all the tasks,
while the upper trapezius muscle was overall
greater muscle activity during eccentric muscle ac-
tion for shoulder diagonal activity. However, as is
typical with EMG data, substantial inter-subject
variation was seen in EMG activity of the lower
trapezius muscle selected during eccentric muscle
testing. Furthermore, in the slower speed the upper
trapezius muscle were significantly greater for
shoulder diagonal activity than for flexion and
abduction activity.

Although, our results could not prove the availa-
bility of posterior upper extremity muscles, we post-
ulate that these results are explained by differing
upper extremity muscle activity due to various exer-
cise patterns with full glenohumeral internal rota-
tion. Therefore, the EMG results of our study sug-
gested the muscle activity by using the full gleno-
humeral internal rotation exercise for greater muscle
activity of posterior upper extremity muscle because
it produced minimal muscle activity by using the

. . . . 20,22,
neutral rotation exercise by previous studies

26,27)

B. Shoulder muscle strength

22) mentioned that below 60°/s in iso-

Page et al.
kinetic muscle action is still much slower than
actual angular velocity of the pitching arm, but

above 180°/s is much faster than would be comfort-

able for subjects in the diagonal pattern. Therefore,
our study was displayed angular velocities for pre-
sent study, based on 60, 120, and 180°/s may have
been more appropriate to eccentric contraction by
consideration of safety.

24,26 . Ca
) have determined isokinetic

Previous studies
muscle strength testing with various positions and
velocities, offering numerous implications regarding
shoulder injuries, including preventive strengthening
and evaluation for overhead athletes. Previous stu-
dies have branched different sports athletes to ev-
aluate isokinetic strength in throwers at different

arm positionsg?”%)

and compare strength to pitching
Velocity”). On the basis of this definition our study
could be only use for eccentric muscle action of up-
per extremity muscles with shoulder flexion, abduc-
tion and diagonal activity, and determined accurate
muscle activities, when maximal voluntary contrac-
tion (MVC) occurred during eccentric muscle action
with full glenohumeral internal rotation. The present
study demonstrated that peak torque overall gener-
ated greater muscle strength during diagonal than
eccentric muscle action with shoulder flexion activ-
ity. The muscle strength only generated greater mus-
cle strength due to the fast speed at diagonal activ-
ity while unchanged by different speeds during
eccentric muscle action with flexion and abduction
activities. These findings have showed that eccentric
muscle strength overall generated greater muscle
strength by the faster speed which is similar to find-

ings of earlier studyzz).

V. Conclusion

This study provided evidence that isokinetic
eccentric muscle strength testing of the posterior up-
per extremity muscle was effective to develop of a
proper program for overhead sports athletes require
forceful stability during deceleration phase. Furth-
ermore, the present results demonstrated that post-
erior upper extremity muscle activities and peak tor-
que values were found to be dependent on eccentric
muscle action for diagonal shoulder activity at the

faster speed. In other words, these results demons-
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trate that eccentric muscle action for full gleno-
humeral internal rotation may strain posterior upper
extremity muscles by the faster speed. However,
these findings can be used to substantiate some
claims of strength gains by using isokinetic device
for posterior upper extremity muscles adapt to the
faster speeds, as the decelerator muscles generate
forceful eccentric muscle activity for shoulder stabil-
ity during deceleration phase. These results reveal
that there are muscle-specific motor controls as well
as specifically muscle strength patterns during
eccentric muscle action for various positions and

speeds.
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