Japan Soci ety of Exercise and Sports Physi ol ogy

H A E B A FEAAHE R
B19EE 25 65~73, 2012

vy TR MR AE R L —Z TR D
T NS R OB DOFREE & F DR E M

= OBRT T BAERETT - AERAT - HESLZT T - RHM R

Relationship Between Tibia Bone and Plantaris muscle Muscle
Developments in Running and Jump Trained Rat.
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Summary

The exercise that bones are subjected to the load is effective in bone mass increase.
The aim of our study was to examine the relationship between tibia and plantaris muscle
developments in endurance-running-trained and jump-trained rat.

Five week-old rats were running-trained and jump-trained for 8 weeks for 6
days/week. The speed of treadmill running progressively increased to 35 m/min. The
height of jumping progressively also increased to 40 cm. Histomorphometric analyses
were performed on longitudinal sections of proximal tibial metaphyseal secondary
spongiosa. We also measured the contractile properties in plantaris muscle.

Eight weeks of endurance running and jump training increased tibial weight and
trabecular bone volume. The trainings also increased weight and maximal tension in
plantaris muscle. A trabecular bone thickness increased only jump trained rats. The bone
weight correlated with body weight (r=0689, p <0.01) and plantaris muscle weight (r=
0.909, p <0.001). The trabecular bone area ratio correlated with maximal tension of the
plantaris muscle (r=0. 486, p <0.05).

These results suggest that the quantitative and functional development of plantaris
muscle induced by jump training and endurance running training associated with a tibial
quantitative and structural development. Contractive force of the plantaris muscle
increased by training loads proximal metaphysis of tibia as mechanical stress, and
developed trabecular bone architecture.
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Table 1 Initial body weight and final body weight
in each group

Initial body weight (g) Final body weight (g)

Cont (n=8) 64.423.0 165.027. 1
~ 64.822. 1 181, 5260

Run (n=4) (+0. 6%) (+10.0%)
fum (he) 64.6=2. 3 162,08, 4"
P (+0.3%) (- 1.8%)

Data are the means =+ SD, with % changes to age-matched
Cont group in parentheses.

Cont: control group Run: run trained group Jump: jump
trained group

Initial body weights are data at the 5 week-old

Final body weights are data at the 13 week-old

**p <0.01 compared with Cont.

""p <0.01 compared with Run.
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72 (p<0.05). BREMWEL, KE HEERUVEK
FERIOWITNEL S FELHBEERT RE Lo
7z,

Table 2 Muscle weight and tibia weight in each group at the 13 week-old

MW (mg) MW/BW (mg/g) Tibia weight (mg) Tibia weight/BW (mg/g)
Cont (n=8) 152.9+15.1 0.930. 10 369.8+13.2 2.24+0.09
Run (aed) 208, 312, 4*** 1.15+0. 04** 420. 8=11. 0%** 2.32+0. 04
= (+36. 2%) (+23. 6%) (+13.8%) (+3.4%)
Jump (m=5) 181.6+ 7.1%**1 1.12+0. 05** 392.2+10. 2% 2.43+0.12*
p = (+18. 8%) (+21. 0%) (+ 6.1%) (+8.1%)

Data are the means + SD, with % changes to age-matched Cont group in parentheses.
Cont: control group Run: run trained group Jump: jump trained group

BW: final body weight MW: plantaris muscle weight
*p <0.05; **p <0.01; ***p <0.001 compared with Cont.
"p<0.05 ""p<0.01; """p <0.001 compared with Run.
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Fig. 1 Maximum tetanic tension in each group
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The maximum tension was measured in
plantaris muscles by the nerve stimulation.
Data are the means + SD. * p <0.05,
compared with the Cont group.

Table 3 Correlation coefficients of changes in
bone volume and trabecular bone (Tb)
architecture parameters with changes in
body weight, muscle volume, and muscle
force at the 13 week-old

Bone weight Tb area ratio Tb thickness

Body weight 0.689** 0.030 -0.263
Muscle weight 0.909*** 0.474 0.129
Maximum tension  0.472 0.486* 0.293

Muscle weight: plantaris muscle weight
Maximum tension: tension of the plantaris muscle
Bone weight: tibia bone weight

*p <0.05; **p <0.01; ***p <0.001

-

n t"\\‘“
| N4 ‘o
N "kt ‘

]

T PN ¢ VR

Trabecular area ratio = 7.4 %

*
*
*

o ®
S &
—t

[ o]
(=

(=4

Cont Run Jump

=123 %* =154 %***

~ 400 |
Run

Cont

w
(=3
S

(=
S

Trabecular length
s 8
S

(=]

Jump

Fig. 2 Trabecular bone architecture parameter in each group

Light-micrographs of proximal tibial metaphysis in the analysis area from the trained and untrained rats
(A). Specimens stained with Azocarmin G and Aniline blue-orange G (Azan). White and black area
showed bone marrow and trabecular bone area, respectively. BAR=500 um. Trabecular bone thickness (B)
and length (C) in the proximal tibial metaphysis from the trained and untrained rats. Data are the means

+ SD.

*p <0.05; *** p <0.001 compared with Cont.

"p <0.05 compared with Run.
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B L 72 LRI RREER T & OBRMEL 5
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WA B R AER DI 5 Z LA E ST
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BREICEELRMEEIAON Lo/ DFMA L
2R T D EROIBEIHIICL > TRR D720,
BIRAETE % T L 7B DS B RS D AT H o
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Lo R WRENEZ BN Sk~ (70
CT RV ZWITER T — 7 b & ISEE
FHElAATH T & T, A N L AT A ERE
ICERZLIENEFRLEEZ SN UL, &
By E, B OWEAK - BESE
EWMMERL, FEEEERL ML - EEO
BEWIZEBBEANDNEHA N L ZADRE ZDE DD
FREEOTEET L I EPRERP LB H
Lanre.
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