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Changes in the intramuscular oxygen hemodynamics of the trapezius
muscle during water exercises

R WG

Akiharu SUDO

Abstract

Water pressure is known to increase venous return and decrease heart rate. The
heart rate measured when standing up to the xiphoid process in water at a
temperature of 36 C is known to be almost the same as that measured when lying
on one’s back on land. Such a position in water helps to promote atrial natriuretic
peptide secretion and control renin secretion. Furthermore, it also helps to control
vasopressin secretion. Such a position promotes the regulatory action of the renin-
angiotensin system, controlling angiotensin II and aldosterone secretion. Blood
pressure may fall as a result of an eventual decrease in total peripheral resistance.
Therefore, this study examined the changes in the intramuscular oxygen
hemodynamics of the right trapezius muscle during water exercises. Circulation in
the right trapezius muscle was observed with a laser tissue blood-oxygen monitor
(BOM-L1TR, OMEGAWAVE; Tokyo) in order to measure several indices (tissue
oxygen saturation (StO;) level, tissue total hemoglobin (HbT) level, tissue
deoxygenated hemoglobin (HbD) level, and tissue oxygenated hemoglobin (HbOs)
level) and blood flow in the trapezius muscle. Subjects were 5 males. Measurements
were made with the subject performing 1 of 10 water exercises in 4 positions. The
first measurement was made with the subject standing on dry land before entering
the water (PRE). Measurements were then made as subjects performed 5 water
exercises in a standing position while immersed in water up to the xiphoid process
(D-@®) and 5 water exercises in a supine position on the surface of the water (&
—10). Measurements were then made with the subject in a supine position on the
surface of the water after water exercises (LYING POST), in a standing position
immersed up to the xiphoid process after water exercises (STANDING POST), and
once again standing on dry land after water exercises (POST). Circulation in the
right trapezius muscle was observed with a laser tissue blood-oxygen monitor

[+ 4E K2R E 223 (Faculty of Physical Education, Kokushikan University)



66

Rk

during water exercises with subjects in a standing position immersed in water up to
the xiphoid process and in a supine position on the surface of the water.

Results indicated that the trapezius muscle had significantly greater blood flow
during water exercises than when standing on dry land before entry into the water
(PRE), and the StO, level during 5 water exercises in a supine position on the
surface of the water (6)—10) was significantly higher than when standing on dry
land before entry into the water (PRE). The StO: level was calculated from the
tissue oxygenated hemoglobin level/tissue total hemoglobin level. The StO, level
appeared to increase due to the decrease in tissue deoxygenated hemoglobin. The
tissue total hemoglobin appeared to increase due to the pressure of milking action to
cause blood to flow during 5 water exercises in a supine position on the surface of
the water, or water pressure may have increased venous reflux.

Water exercises in a supine position on the surface of water increase the blood
flow volume in muscles around the shoulder.

Key words; water exercises, intramuscular oxygen hemodynamics, blood flow, shoulder.
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Table.1 Physical characteristics of the subjects
(n=5)
Age (years) 52.4£11.5
Height (cm) 169.8+4.6
Weight (kg) 71.8%38.0
Systolic Blood pressure (mmHg) 146.0+7.8
Diastolic Blood pressure (mmHg) 94.8+8.0
Heart Rate (beats/min) 71.8%+10.8
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Values are means and S.D.
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Table.2-1 Water Exercise Pattern

PRE is in a sitting on the ground before into the water

5 water exercises in standing position

@ Exercise for upper
limbs, neck region and
around shoulders

Arm list VFlap Forearms ST  Deltoid ST Tri‘;:e s ST Neck T ‘
(U- ST) (10sec) "

F A T

R by Ll

Leg list flap ~ Deep hip Standlng oblique, Calf St Hamstring St~ Quadriceps St
flexor ST tensor
& Hip abductor St

@ Exercise of lower limb
and lumbar region

(L-ST) (10sec)

®Flexion & extension of <4
: upper and lower

( F&E) (10times)

Flex and extend the legs stating

with the hips bent at an angle of 90 degrees

! @Arm pendulum

Pivot the shoulders so that the hands can move a distance
between 10cm and 15¢m in a pendulum motion

i (AP) (L&R 10times)

®Arm curl [Q

: (AC) (L&R 10times)

Flex and extend the elbow joint
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Table.2-2 Water Exercise Pattern

5 water exercises in lying supine position on the water

®Face upward bicycle

.

‘) Rotate the legs as if pedaling a bicycle
(UP-B) (30times) =

@ Face upward squat
(UP-Q) (30times)

(®Face upward shears
(UP-S) (30times)

@Face upward cross
shears
(UP-CS) (30times)

Cross the legs and then return
to the start position.

(0Face upward back flap

=
*) Move up and down stretching the knees

'f"/;

(UP-BF) (30times)

&

In lying supine position on the water after water exercises

(LYING POST)

In standing position when subjects were immersed to the
xiphoid process after water exercises

(STANDING POST)

In a standing on the ground after the water exerciess

(POST)
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Fig.1

HbO,(10000/mm?)

HbO:2

Changes in skin blood flow of the trapezius muscle in various patterns. (*; p<0.05, **; p<0.01 VS on the PRE.)

(n=5)

Fig.2 Changes of Oxygenated hemoglobin (HbO») levels in various patterns. (* ; p<0.05,

@ ® ® @ ® © ©® I

POST
STANDING POST
LYING POST

**-p<0.01 VS on the PRE.)
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Fig.3 Changes of deoxygenated hemoglobin (HbD) levels in various patterns.
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Fig.4 Changes of total hemoglobin (HbT) levels in various patterns. (* ; p<0.05, **; p<0.01, ns ; not significant)
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Fig.5 Changes of tissue oxygen saturation (StO2) levels in various patterns. (* ; p<0.05,
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