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EFFECT OF LINEAR POLARIZED NEAR-INFRARED LIGHT IRRADIATION ON THE
RECOVERY OF ISOKINETIC MUSCLE EXERTION AFTER STRENUOUS EXERCISE

SHINICHI DEMURA, SHUNSUKE YAMAJI, YOSHINORI NAGASAWA, HIDETSUGU KOBAYASHI,
MASAKI MINAMI and YOSHIO TOYOSHIMA

Abstract

This study aimed to examine the effect of linear polarized near-infrared light (PL) irradiation
on the recovery of isokinetic muscle exertion and subjective fatigue sensation in muscles after stre-
nuous exercise. Eighteen healthy college students participated in the experiment for all conditions of
meridian point irradiation (MPI), femurs muscles irradiation (FMI), and no irradiation (NI). They
all took isokinetic knee extension and flexion tests (IK test) before and after strenuous exercise up
to exhaustion. Each subject was irradiated at the meridian point or in femurs muscles after the
second IK test. The third IK test was carried out after ten-minutes rest.

The effects of PL irradiation were confirmed on the recovery rate of muscle fatigue in knee
extension motion with high load intensity (PT60d/s and TW 60d/s : MPI, FMI>NI, p<0.05 ;
16.2%, 13.4%>8.5%, and 16.1%, 14.1% > 8.3%, respectively). Also, in flexion motion, significant
differences in the recovery-degree for each condition were found, and the effect of PL irradiation
was suggested. There was no difference between the effect of MPI and FMI. In addition, subjective
fatigue sensation in muscles after rest decreased significantly in MPI as compared with NI (MPI :
52.1%>NI: 36.6%, p<0.05). From the above, it was suggested that PL irradiation is effective on
recovery in muscle fatigue after strenuous exercise regardless of irradiation conditions, MPI or FMIL.

(Jpn. J. Phys. Fitness Sports Med. 2000, 49 : 459~468)
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Crossover design

a. Control condition (No irradiation); NI n=18
b. Meridian point irradiation; MPI

c. Femurs muscle irradiation; FM |

n=18
n=18

Experiment procedure

First IK test (pre-exercise period):
Test protocol; Speed (d/s) 60 180 240
Repetition 4 4 10 (each rest 90 sec)

Strenuous exercise

Exercise protocol; Speed (d/s) 60 180 60 180--*
Repetition 1020 10 20---
*Repeated exertion up to exhaustion.

I Second IK test (post-exercise period) I

=~ =

Rest (10 minutes)

NI: No irradiation (sit or lie in a comfortable position)
MPI and FMI: Polarized light irradiation

N~

Third IK test (recovery period)

Fig. 1. Experimental design and procedure.
Note) The protocols in the second and third IK tests were the same as in the first IK test.
The same subjects participated in the 3 IK tests.
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Fig. 2. Irradiation points in condition of meridian point.
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DTHAH. HMEIZBITAPT60d/s R TW60

Mean and SD of each parameter for NI, MPI and FMI conditions, respectively

in pre-and post-strenuous exercises and ecovery period. (n=18)

Parameters NI MPI M
_____(frlbs) PRE POST REC | PRE POST REC | PRE POST REC
Flaxion
PT 60d/s 809 612 708| 81.1 614 747|792 611 719
212 138 172| 194 129 17.4| 201 136 17.0
PT 180d/s 681 60.7 63.4| 680 587 63.6| 68.1 606 620
187 165 17.3| 19.6 123 158 | 205 14.6 16.4
PT 240d/s 566 51.3 535 568 51.1 6537 | 571 51.0 53.9
15.8 143 131|162 107 15.1 | 168 129 13.2
TW 60d/s 999 687 845 |1029 67.6 889 1004 69.2 87.1
286 182 247 | 249 153 216|272 155 19.9
TW180d/s 812 66.4 727 826 632 716| 835 66.4 71.4
245 197 239|260 135 20.6| 251 175 179
TW240d/s 719 607 653 | 733 599 663 | 73.9 588 66.6
227 193 202|223 122 192 221 158 158
WS240d/s 629.6 537.7 585.9 |641.7 529.7 601.9 |657.9 524.3 599.0
— 203.0 162.6 182.0 |195.7 111.1 171.2 |190.2 139.1 141.6
Extension
PT 60d/s 147.3 114.7 128.8 |146.2 1156 139.2 |149.8 1182 138.7
332 200 287|315 182 286 31.8 23.7 30.0
PT 180d/s 107.1 92.7 96.8 1054 922 99.3 1075 922 100.9
277 166 229|239 157 21.2| 303 187 222
PT 240d/s 882 765 819 | 87.0 79.0 828 86.7 773 826
238 159 207|219 159 20.1 | 235 153 184
TW 60d/s 148.3 110.6 125.3 |1459 1109 136.8 |151.3 115.8 138.0
37.0 181 315|316 188 286 | 344 195 26.3
TW180d/s 1083 88.1 96.1 (1075 89.9 99.1 |109.8 89.7 102.2
31.0 168 262|271 159 232 315 189 266
TW240d/s 974 811 895| 963 819 903 | 96.8 81.7 907
299 201 263|272 195 233 28.0 165 21.1
WS240d/s 865.3 723.3 804.8 |847.3 744.4 821.2 |875.8 733.0 823.2
264.0 171.4 231.1 |219.7 167.8 211.0 |254.0 149.9 180.3

Note) PRE, POST and REC mean pre- and post-strenuous exercises and recovery period,
respecively. SD means standard deviation.
NI, MPI and FMI mean no irradiation, meridian point irradiation and femurs muscles

irradiation condition, respectively.

PT : Peak torque=maximal torque during four muscle exertions.

TW : Total work=work when exerted PT (area enveloped under the torque curve).
WS : 10 total work=sum of total work during 10 muscle exertions at 240 d/s.
Upper figure in each parameter shows the mean value and the lower one SD.
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Table 2.

PT60

*

PT60

L Flexion

mm

WA, WK, &&,

PT180

[<%) Extension

PT240

*: MPLFMI>NI

+: FMI>NI

| PP

PT180
Repeated one-way ANOVA among recovery rates of muscle exertion in 3 conditions.
Note) Parameters are the same as those in table 1.
Recovery rates of muscle exertion ;
IKtest1 ; IK test in pre-strenuous exerise (SE), IK test 2 ; IK test in post-SE.
IK test 3 ; IK test in post-recovery period.
FMI> NI : Recovery rate of FMI is significantly greater than that in NI.
*7:p<0.05

PT240

TW60

TW60

1.

R, T, BE

]
ON EBMPI EBFMI

TW240

*: MPLFMI>NI

TW180

1: FMI>NI
+
TW180 TW240 WS240

[(IK test 3—IK test 2) /IK test 1] X 100

The results of repeated two-way ANOVA in each parameter of IK test.

Parameter

two-way ANOVA

A

B

Inter-
actio

NI

A B
MPI FMI REC

Flexion

PT 60d/s
PT 180d/s
PT 240d/s
TW 60d/s
TW 180d/s
TW 240d/s
WS240d/s
Extension
PT 60d/s
PT 180d/s
PT 240d/s
TW 60d/s
TW 180d/s
TW 240d/s
WS240d/s

* ¥ ¥ ¥ X O ¥

* ¥ X * X *

*

tlorsirenipost:
pra>postires
pre>post

predrecopost

FMLMPIDNI

ost | FMLMPID>NI

Note) A : main factor A (NI, MPI, and FMI conditions).
B : main factor B (3 conditions of pre- and post-strenuous exercise and recovery
period). pre>post : value of pre-strenuous exercise is significantly greater than that
of post one. Shaded portions mean that significant difference was found between NI

and irradiation conditions.

PT, TW, WS, MPI, FMI and NI correspond to those in Table 1.

* : p<0.05
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Repeated ANOVA among decrease-degrees in subjective fatigue sensation

Note) MPI>NI : decrease-degree of MPI is significantly greater than that in NI.
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