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Effects of Tower Climbing Exercise on Bone Mass,
Strength, and Turnover in Growing Rats
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ABSTRACT

To determine the effects of tower climbing exercise on mass, strength, and local turnover of bone, 50
Sprague—Dawley rats, 10 weeks of age, were assigned to five groups: a baseline control and two groups of
sedentary and exercise rats. Rats voluntarily climbed the 200-cm tower to drink water from the bottle set at
the top of it. In 4 weeks, the trabecular bone formation rate (BFR/bone surface [BS]), bone volume (BV/TV),
and trabecular thickness (Th.Th) of both the lumbar vertebra and tibia and the bone mineral density (BMD)

of the tibia increased, while the osteoclast surface (Oc.S) decreased. The parameter values in the midfemur,
such as the total cross-sectional area, the moment of inertia, the periosteal mineralizing surface (MS/BS),
mineral apposition rate (MAR), BFR/BS, and bending load increased, while the endosteal MAR decreased. In

8 weeks, the increases in the bone mineral content (BMC), BMD of the femur and tibia, and the bending load
values of the femur were significant, but the climbing exercise did not increase BMC, BMD, or the compres-
sion load of the lumbar vertebra. Although the periosteal MS/BS, MAR, and BFR/BS increased, the endosteal
MS/BS, MAR, and BFR/BS decreased. These results show that climbing exercise has a beneficial effect on the
femoral cortex and tibia trabecular, rather than the vertebral trabecular. In the midfemur, effects on bone
formation are site specific, supporting accelerated cortical drift by mechanical stimulation. (J Bone Miner Res
2001;16:166-174)
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INTRODUCTION In rodent studies, aerobic exercises, including running

and swimming on a nonvoluntary basis, were applied

WIDELY accepted rationale for the positive effects ofo study the effects of exercise on bone morphology
exercise on bone is that mechanical strain plays and metabolisfi~—" but rarely was resistance training
important role in the maintenance of bone mass arapplied*>** These studies examined the effects of resis-

strength®? and a variety of exercise interventions havéance exercise induced by electric stimulation on the floor of

been successful in increasing bone mineral densiéymetal cage and found an increase in the femoral cortical
(BMD).®* Cross-sectional data in a human study sudpone strength® and trabecular bone mass of the proximal

gested that resistance-trained athletes have greater btha.*® The effects of resistance exercise on local bone

mass than endurance-trained athletes or sedentary contuohover and mechanical properties of bone have yet to be
subjects®" However, the mechanisms by which exercisstudied in detaif*>*® The rat training models do not seem
leads to changes in bone metabolism and morphology dce exclude the effects from electrical stimulus and/or a

not fully understood. nonvoluntary training regimefi=*%
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We modified the resistance exercise models, such as

rat climbing reported by Yarasheski et'& and Duncan et e 20em —
al.*® who estimated skeletal muscle. In our model, ra Water yaN
voluntarily climbed the 200-cm tower to drink water from g bottle T

bottle set at the top of it. The purpose of this study was
find out the effects of voluntary resistance exercise on t

mass, strength, and local turnover of bone in growing raf e

_f'

20cm

MATERIALS AND METHODS

i
. 7777 7777
Animals fe— soem >

Male Sprague—Dawley rats were purchased from Japan
CLEA, Inc. (Tokyo, Japan) and were acclimatized for FIG. 1. Diagram illustrating the resistance exercise appa-
week under standard laboratory conditions (22°C, 60% ratus.
humidity). The light/dark cycle was 12 h with lights on from
6:00 a.m. to 6:00 p.m. All rats were housed in metal cages.

Drinking water was available at all times. The amount of

food taken was equalized among the groups. All rats wetgird, fourth, and fifth lumbar vertebra (L3, L4, and L5) and
fed commercial rat chow (Japan CLEA; calcium, 120bilateral tibias and femora were harvested. The L3, L4, right
mg/100 g; phosphorus, 1080 mg/100 g). The body weight &mur (RF), and bilateral tibias were fixed immediately with
the rats was measured weekly. All rats remained health§?% paraformaldehyde in a 0.1 M phosphate buffer contain-
The protocol was approved by The University of Tsukuba®g 2% sucrose and stored at 4°C. L5 and the left femur (LF)
Institutional Animal Care and Use Committee. were stored at—80°C until the mechanical tests. Bone

Fifty rats, 10 weeks of age, were randomized by bodgbeling of rats with a subcutaneous injection of calcein (8
weight to five groups. Group C was the baseline contrdng/kg body weight) was performed 7 days and 3 days
killed at the start. Groups 4S and 4E were the sedentary dpgfore death.
the exercise groups, respectively, killed after 4 weeks of the
experiment. Groups 8S and 8E were killed after 8 weekgesistance exercise
Mean body weight at 10 weeks of age in groups C, 4S, 4E,
8S, and 8E was 24% 7 g, 250+ 3 g, 252+ 3 g, 256=* The groups of exercise rats were housed in metal cages
4 g, and 255+ 3 g, respectively. No significant differenceswith a wire meshed tower with two water bottles set at the
were found among these values (Tukey’s honestly signifep (Fig. 1). At the beginning, the bottles were set at a height
cant difference after one-way analysis of variancef 20 cm. The set point of the drink bottles was elevated
[ANOVA]). In the preliminary experiment, 20 male gradually to 200 cm over a week. The rats were monitored
Sprague—Dawley rats, 10 weeks of age, were assigned réat-24 h/day every 2 weeks during the experimental period,
domly to the sedentary and exercise groups by body weighging a charge-coupled device (CCD) camera (CCD-
At 4 weeks, body weight in the sedentary and exerciseRV95; Sony, Tokyo, Japan). The daily distances and times
groups was 34@ 3 g and 337+ 4 g, respectively, and food of climbing activity were obtained from the monitoring
intake during the 4 weeks was 97224 g and 964+ 31 g, records.
respectively. No significant differences in body weight and
food intake values between the sedentary and exe_rc'ggne mineral measurement
groups were found (Studenttstest after f test). To avoid
any difference in food intake, the sedentary and exerciseBMD (mg/cnt) and bone mineral content (BMC; mg)
groups were given the same amount of food, using the samere measured on the LF and right tibia (RT) using dual-
methods of feeding as in our previous repétts® We energy X-ray absorptiometry (DXA; DCS-3000; Aloka, To-
measured the minimum amount of food consumed by tho, Japan). The L5 body was prepared by removing the
groups, and the amount of food was then reduced to thesterior segment and bone mineral measurements were
minimum amount on the next day. If the food was conperformed. The mineralization profiles of the specimens
sumed completely, the amount of food was increased yere stored with the monitoring images, and the BMD and
4—6 g/day. Therefore, at 4 weeks and 8 weeks, the amol¥C values for the lumbar body, the femur mid-diaphyseal
of food consumed by the sedentary and exercise groups weagion (12 mm in length), and the tibia proximal region (12
equal. mm in length) were obtained.

At the end of the experiments, rats were killed by exsan-
g_uina_ltion under ether anesthes_ia. Soon afFer the death’_m@chanical testing
hindlimb muscles (gastrocnemius, plantaris, soleus, tibia,
and extensor digitorum longus) and abdominal fats (epididy- Femur: A three-point bending test was performed as
mal fat, perigastric fat, mesenteric fat, and abdominal supreviously describé®2? using a load tester (Tensilon
cutaneous fat) were isolated. The combined weight of théTA-1T; Orientec, Tokyo, Japan). The LF specimen was
hindlimb muscles and abdominal fats was measured. Thiaced on a holding device with supports located at a
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distance of 12 mm, with the lesser trochanter proximal @nd LT, the osteoclast surface (Ocu®n) and trabecular BS
and in contact with the proximal transverse bar. The midum) were measured?2% TRAP-positive cells that
point served as the anterior (upper) loading point. A bendirfgrmed resorption lacunae at the surface of the trabeculae
force was applied by the crosshead at a speed of 10 mamd contained one or more nuclei were identified as os-
minute until fracture occurred. The maximum load (N) anteoclast$?®
structural stiffness (N/mm) were obtained directly from the Femoral midshaftAn undecalcified section was obtained
load-deformation curves that were recorded continually finom the site of the middiaphysis of the RF. The specimen
the computerized monitor linked to the load tester. was embedded in MMA without staining to yield a -

Lumbar vertebral bodyThe L5 body specimen was thick crosscut ground section. Measurements were made on
fixed with a clamp at the bases of the transverse processesathode-ray tube monitor with a CCD camera (CCD High
in the holder of a diamond band saw (Exakt, Norderstedgain Camera-1600A; Flovel Co., Tokyo, Japan) setting on
Germany). By removing the cranial and caudal ends tfie microscope using a semiautomatic image-analyzing pro-
the specimens, the planoparallel ends at a height of 33gam (Mac Scope; Mitani Corp., Fukui, Japan) on a com-
mm were obtaine®® The cylinder samples were placedputer®® The total cross-sectional area (fjprcortical bone
centrally on the smooth surface of a steel disk attacheddoea (mm), and bone marrow area (nfjrwere obtained.
the load tester. A craniocaudal compression force wd®e endocortical surface was approximated as a regular,
applied to the specimen via a steel disk at a nominabntinuous line. The moment of inertia (ryof the cortical
deformation rate of 2 mm/minute. The maximum loadone area for the medial-lateral axis was calculated directly
(N) and structural stiffness (N/mm) were obtained, asy the image-analyzing computéf) Kinetic parameters
were those of the femur specimens. such as dLS/BS, sLS/BS, MS/BS, MAR, and BFR/BS were

measured in the periosteal and endocortical envelopes. The
Bone histomorphometry erode(_j surfaqe (ES/BS; %) also was measured in the en-
docortical perimeter.

Lumbar vertebral body and proximal tibialhe L4 and
RT specimen_s were embedded_ ?n methylmetha_crylaéqatisticm analysis
(MMA) after Villanueva’'s bone staining. From the middle
portion of the specimen, 1@m-thick undecalcified sagittal ~All values are expressed as mean and SEM. One-way
sections were cut on a microtome (Reichert Jung SuperdiOVA with repeated measurement was used to examine
2050; Reichert Jung, Heidelberg, Germany). The L3 and ldfte significance of changes in the climbing distances and
tibia (LT) specimens were embedded in a mixture of MMAtime. Data were assessed by two-way ANOVA for the time
hydroxyglycol methacrylate, and 2-hydroxyethylacrylatand treatment. When the treatment was found to have a
polymerized at 4°C. Sixem-thick specimens of the L3 and significant overall effect, the difference between the exer-
LT were obtained as described for those of L4 and RT. Thase and sedentary groups was assessed by Studeess
L3 and LT sections were then stained for tartrate-resistafior each time period:*2® The analysis of covariance (AN
acid phosphatase (TRABY Histomorphometry of L3, L4, COVA) was done to examine the significance of changes in
and bilateral tibia specimens was performed with a semiabene mass and strength, using the hindlimb muscles or the
tomatic image-analyzing system linked to a light microabdominal adipose tissue values as covariate. Statistical
scope (Cosmozone 1S; Nikon, Tokyo, Japan). For eastgnificance was set at less than 0.05. All the analyses were
section, the area of the secondary spongiosa was measupedformed with a commercially available statistical package
but the region within 1.0 mm of the growth plate/(SPSS Ver 9.0; SPSS, Tokyo, Japan).
metaphyseal junction and one cortical shell width of the
endocortical surface was not measured, to exclude the pri-
mary spongiosa. RESULTS

For the2 structure parameters, the trabecular bone V°'”'@‘ﬁmbing distances and time periods
(BV; wm?), trabecular tissue volume (T\Vam?), and tra
becular bone surface (Bam) were measured. The trabec- The daily climbing distances in the exercise group after 2,
ular thickness (Tb.Th;um), trabecular number (Tb.N; 4, 6, and 8 weeks were 141 1.6 m/day, 148t 2.6 m/day,
1/mm), and trabecular bone separation (Th.gp1) were 151 = 3.9 m/day, and 137 2.4 m/day, respectively. The
calculated by a parallel plate model assuming constarespective time periods for the activity were 26:21.2
geometry?>2% For the bone formation parameters of L4minutes/day, 25.3 0.2 minutes/day, 26.5 0.9 minutes/
and RT, the single-labeled surface (sL®m), double- day, and 24.5- 0.8 minutes/day. No significant differences
labeled surface (dLSpm), trabecular bone surface (B.S:were found among these values.
um), and the mean distance between double labels (Ir.L.th;
Mmadwe)re measnljreld. Tdhe mwerf‘lLaF;]pOSitli‘?”l_rztew(df’\"AFﬁody weight, hindlimb muscles, abdominal fats, and
mwm/day) was calculated as the Ir.L.th multiplie . ;
The mineralizing surface per BS (MS/BS; %) was obtaine%One mineral measurements
by adding the values of the dLS/BS and half of the sLS/BS Body weights did not significantly differ between the
value. The surface referent bone formation rate (BFR/B8xercise and sedentary groups throughout the experimental
um%/day), was calculated by multiplying the MS/BS valugeriod (Table 1). The hindlimb muscles value in the exer-
by the MAR #2-2YFor the bone resorption parameters of LZise group was significantly higher than that in the sedentary
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TaBLE 1. ExerciSE TIME, Boby CoNDITION, AND BONE MASsS OF THEMIDFEMUR, THE LUMBAR VERTEBRA, AND THE PROXIMAL TIBIA OF SEDENTARY AND EXERCISED RATS

Proximal tibia

Lumbar vertebra

Midfemur

BMC BMD BMC BMD
(mglcnd) (mglcn?)

BMD
(mg/cnd)

Abdominal BMC
1195+ 1.6

Exercise time Body Hindlimb

Age of rats

(mg)

(mg)

muscles (mg) fats (mg) (mg)

(minutes/day) weight (g)

(weeks)

Group

96.8+ 1.0
138.7+ 2.7

70.5+ 1.0

68.1+ 1.8

21.7£ 0.4
325+x1.4

4.92+ 0.08 9.8+ 0.9 79.9+x 1.4
21.0+14 104.6+ 1.6

249+ 7

10

C. Control

101.6+= 2.4

90.6+ 1.3

156.6+ 2.8

6.14+ 0.09

3279

3325

14

4S. Sed (4 weeks)
4E. Ex (4 weeks)

148.6+ 2.3*

141+ 1.2** 115.0* 7.8 161.1+ 3.0 35614 947+27 105314

32.0+ 2.0

6.54+ 0.09*

25.6:0.4

160.6+ 1.3

38.0£21 97.2+16 1154+1.2

40.0=1.4

162.7+ 3.7

107.1+= 1.3

6.91+ 0.13

38014
364+ 14

18

8S. Sed (8 weeks)

8E. Ex (8 weeks)
Two-way ANOVA

171.8+ 1.8**

124.3+ 1.7*

99.7+ 1.8

213+ 1.6%  117.9x2.5* 177.0% 1.4**

7.04+ 0.10

245 0.8
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<0.01

NS <0.01

<0.01 <0.05 <0.01 NS

<0.05

NS

Exercise time in each of the groups; body weight at time of death.

Values are meart SEM.

*p < 0.05; **p < 0.01; significantly different from the corresponding sedentary group (Studetg'st after two-way ANOVA).

group after 4 weeks but not after 8 weeks. The abdominal
fats value in the exercise group was lower than those in the
sedentary group after both 4 weeks and 8 weEksept for

the BMD value of the proximal tibia after 4 weeks, no
difference was found between the two groups for these
parameters. However, after 8 weeks the BMC and BMD
values of the midfemur and the proximal tibia in the exer-
cise group were significantly higher than the values in the
sedentary group. After 4 weeks or 8 weeks, the parameters
of BMC and BMD in the lumbar vertebra did not signifi-
cantly differ between the exercise and sedentary groups.
The test of regression in ANCOVA showed no significance
in all the BMC or BMD values, using the hindlimb muscles
or abdominal fats values as covariate.

Mechanical properties of the midfemur and lumbar
vertebra, and the geometry of the femoral cortex

After 4 weeks, the values of the maximum load of the
midfemur, total cross-sectional area, and moment of inertia
in the exercise group were significantly higher than those in
the sedentary group (Table 2). After 8 weeks, the maximum
load and structural stiffness of the midfemur and total
cross-sectional area, cortical bone area, and moment of
inertia values in the exercise group were higher than those
in the sedentary group. The maximum load or structural
stiffness values of the lumbar vertebra did not significantly
differ throughout the experimental period. The test of re-
gression in ANCOVA showed no significance in all the
maximum load or structural stiffness values, using the hind-
limb muscles or abdominal fats values as covariate.

Kinetic parameters of the periosteal and endosteal
surfaces

Periosteal surfaceAfter both 4 weeks and 8 weeks, the
values of MS/BS, MAR, and BFR/BS in the exercise group
were significantly higher than those in the sedentary group
(Table 3).

Endosteal surfaceAfter 4 weeks, the MAR values in the
exercise group were significantly lower in the sedentary
group. However, after 8 weeks the MS/BS, MAR, and
BFR/BS values in the exercise group were significantly
lower than the values in the sedentary group. The ES/BS
values did not significantly differ throughout the experimen-
tal period.

Structural and kinetic parameters of the lumbar
vertebra

Structural indices:After both 4 weeks and 8 weeks, the
parameters of BV/TV and Th.Th in the exercise group were
significantly higher than those in the sedentary group (Table
4). The Th.N or Th.Sp values did not significantly differ in
either period.

Bone formation and resorptiorifter 4 weeks, the value
of BFR/BS in the exercise group was significantly higher
and the Oc.S/BS value was significantly lower than those in
the sedentary groups. However, after 8 weeks the values of
MS/BS, MAR, and BFR/BS in the exercise groups were
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TaABLE 4. STRUCTURAL AND KINETIC PARAMETERS OF THELUMBAR VERTEBRA OF SEDENTARY AND EXERCISED RATS

Oc.S/BS

BFR/BS
(nm-%/day)

64.1+ 2.2

Tb.Th Th.N Th.Sp MS/BS MAR
(2/mm) (nm/day)
1.88= 0.04

BVITV

Age of rats

(%)

(um) (%)

214.4+ 4.8

(em)
60.7+ 0.4

(%)

(weeks)

Group

5.23+ 0.15

341+ 1.1

3.65+ 0.06

22.2: 0.4

10

C. Control

3.42+ 0.10

209.7 7.4 24.0+ 1.4 1.19+ 0.04 28.7+ 2.2

3.61+ 0.11

68.9+ 1.4

2480.6
27.8 0.8**

14

4S. Sed (4 weeks)
4E. Ex (4 weeks)

3.00=* 0.09**

1.31*+ 0.06 36.3£ 2.7*

274+ 1.3

193.5£ 9.5
176.9+ 5.4
165.5+ 3.6

3.79+0.14

73.6 = 1.0*
74.8+ 0.5

1.14+ 0.03 21.3+ 15 248+ 0.13

18.8+ 1.5

3.98+ 0.08

2980.7
33.5 0.4**

18

8S. Sed (8 weeks)

8E. Ex (8 weeks)
Two-way ANOVA

1.31+ 0.05* 29.7+ 1.5%* 2.07 = 0.09*

22.7*+ 0.9*

4.03+ 0.07

83.4 = 1.0**

<0.05 <0.05 <0.01

<0.05

<0.01 NS NS

<0.01

Values are meart SEM.

*p < 0.05; **p < 0.01;significantly different from the corresponding sedentary group (Studeig'st after two-way ANOVA).

significantly larger, and the Oc.S/BS values were signifi-
cantly lower, than those in the sedentary groups.

Structural and kinetic parameters of the tibia

Structural indices:After both 4 weeks and 8 weeks, the
parameters of BV/TV and Th.Th in the exercise group were
significantly higher than those in the sedentary group (Table
5). The Tb.N or Th.Sp values did not significantly differ in
either period.

Bone formation and resorptiorExcept for the MS/BS
value after 4 weeks, the values of MS/BS, MAR, and
BFR/BS in the exercise groups were significantly higher
and the Oc.S/BS values were significantly lower, compared
with those values in the sedentary groups after both 4 weeks
and 8 weeks.

DISCUSSION

This study showed that voluntary climbing exercise for
24-27 minutes/day accelerates age-dependent increases in
mass and strength of the femur and trabecular bone mass of
the lumbar vertebra and tibia in growing rats. After 4 weeks,
the parameters of trabecular and periosteal bone formation
increased and those of trabecular osteoclasts decreased.
Although the increases in the BMC and BMD values of the
femur and tibia and the bending load values of the femur
were significant, exercise did not significantly increase the
BMC, BMD, or compressive load of the lumbar vertebra.
Climbing exercise had a beneficial effect on femoral cortex
and tibia trabecular, rather than the vertebral trabecular. In
the femur, the parameters of cortical bone structure and
bending load values both significantly increased after 4
weeks. The endocortical BSs were less sensitive to exercise.

It has been suggested that treadmill-running exercise in-
creases trabecular bone formation and decreases resorption
in the tibia®®”?® Our present findings on the local turnovers
of the lumbar vertebra and tibia are consistent with these
findings. Because the parameters of osteoclasts were re-
duced, resistance exercise seems to increase bone mass by
both increasing bone formation and reducing bone resorp-
tion in the trabecular bone. However, in the femoral cortex,
the ES at the endocortical surface did not change after
exercise. Thus, the effects of climbing exercise on the
cortical envelopes were mainly on periosteal bone forma-
tion. Because the cortical bone structure and the bending
load increased together after 4 weeks, the parameters of
cortical bone structure seem to be sensitive enough to detect
the morphological changes induced by climbing exercise in
the early stages.

The climbing exercise increased the total cross-sectional
area and cortical area of the midfemur. The data are con-
sistent with previous reports on the effect of electrically
stimulated jumping exercise on the femur in growing and
mature rat§>~*In mature rats, there was a trend toward a
greater value in both the total cross-sectional area and the
cortical area in the exercise group, with a significant in-
crease in osteocalcin messenger RNA (mRNA) content in
the bone matrix*® Thus, resistance exercises such as jump
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b ) ing and climbing seem to be potent for stimulating perios-
%)) <M< oW f . .
o B I o B K e teal bone formation. In our experiment, although neither the
S i i ‘fl fl fl P femoral BMC nor the BMD significantly increased, the
'e) OINT < v parameters of total cross-sectional area, moment of inertia,
o0 15 ﬁ o & and bending load increased after 4 weeks. These observa-
ions are in agreement with previous observations that the
t t with b t that th
= N N biomechanical properties of the femur were improved de-
AT oS i spite a lack of increase in BME#2°:30)
TS :: : ‘+\‘| :: :: p The BMC, BMD, and compressive load values of the
5 < 2 3 © E © V lumbar vertebra did not seem to be caused by the trabecular
E|INs > bone mass and structure, because the parameters of BV/TV,
Th.Th significantly increased after both 4 weeks and 8
» % . weeks. The relationship between mechanical stress and
5 1888834 structure is not a one to one simple correspondétcé’
c|£3|cocooo S The lumbar vertebrae are likely to receive less mechanical
h|= Elda88dv stress than the tibia during climbing exercise, because the
% —1ee%e s < BMD values of the proximal tibia were significantly in-
0 5 creased after both 4 weeks and 8 weeks. Changes in the
a Z thickness of the cortical shell, which we did not measure,
z _ < ibilitg®
2w Raded, > could be another possibilif§"
z % 9 fl 14 4] 4 g S Bone formation was augmented in the early stages of
gls= 2 $ g : g v g exercise in both the cortical and the trabecular bones, as was
E ONNNN c suggested in previous studi€s#*3The resistance exercise
& = significantly increased the parameters of periosteal bone
n NN % formation in the midfemur. However, endocortical bone
<|g~|3258a9 g formation parameters decreased. Thus, the effects of climb-
E 2 EldHE Y2 E] ing exercise on bone formation were site specific in the
W =~ ‘3 rg)’ Foi 83' 35 2 femoral cortex, supporting accelerated cortical drift by me-
= SOMANN = chanical stimulation. It has been shown that treadmill-
6 % running exercise significantly increased the endocortical
@ IRYxQ = BFR of the tibial shaft® Our findings are inconsistent with
E zE|Sccoco 0 g a previous report. One putative explanation is that different
S|oE|HHHOHZ @ mechanical thresholds exist on cortical envelopes, as pro-
I F2|38g8g 2 )
x TIddnd@ 3 posed by Frost:
o N A o Concerning exercise and bone, most animal studies have
2 S used treadmill exercise on a nonvoluntary b&is27-2834
= ~ O & w5 2 Some studies found a beneficial effect on femoral and tibial
i Ef|codcco3d 4 bone, but not vertebrd®!® or a beneficial effect on those
224848889 S bone&* with a training regimen including daily running of
2 SRR B @ approximately 1.4—1.5 km for 12 weef®$1.0-1.1 km for
x s © = 16 week<!? and 2.0—2.1 km for 24 week¥” Our volun
5 S) tary exercise included the daily climbing of approximately
2 oo & = 0.12—0.16 km for 4 weeks and 8 weeks and had beneficial
% E ~|ocococo b= g effects on bone in growing rats. These data suggest that the
w | = S| HBnTy iV £ effect of exercise on bone mass and strength does not
g R > depend on the distance or duration of the exercise, but may
= ‘g depend on the magnitude of the workload on bone while
" £ exercising. It also has been suggested that increased bone
®© 0 < o 5 formation after exercise is not caused by simply the inten-
S - - o sity and/or duration of the exercise, but rather to the change
S < = in the exercise level that is necessary to stimulate bone
< oe formation®®® Therefore, the greater mechanical load in

- ‘Q \ duced by resistance exercise affected bone in this study,

2520 7,?<>£ e more than that of treadmill running.

] é § § | E Body weight did not differ between the sedentary and
2| _ fr 253 <Z,: % =} exercise groups. However, the lean body mass in the exer-
elegEoex|»” cise group would be increased, because the exercise in-
15 FSSE S ERd creased muscle mass and decreased abdominal adipose tis-

S i I sue. In this experiment, the test of regression in ANCOVA
-ouwnw s
O <0 ®©F

showed no differences in the bone mass and strength, using
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muscle or fat mass as covariate. These results suggested tBaBourrin S, Ghaemmaghami F, Vico L, Chappard D, Gharib C,

the increased bone mass and strength mainly were causedAlexandre C 1992 Effect of a five-week swimming program

by the loading by the exercise, but not the secondary effects gglrg; bfz{]ze: A histomorphometric study. Calcif Tissue Int

of an increase in mus_CIe mass (_)rnlea_n body mass .(LBM)'Q. Iwémoto J,'Yeh JK, Aloia JF 1999 Differential effect of
In human study, resistance training is more effective than

. L : ) 552 . treadmill exercise on three cancellous bone sites in the young
aerobic training for increasing the bone mass. Resis growing rat. Bone24:163-169.

tance training increases bone formation and decreases 1@- Yeh JK, Aloia JF, Chen M 1994 Growth hormone adminis-
sorption in young males as assessed from serum osteocalcintration potentiates the effect of treadmill exercise on long bone
and urinary deoxypyridinoline, as we previously repor‘ﬁ%d. formation but not vertebrae in middle-aged rats. Calcif Tissue
The local turnover of the lumbar and femur in rat are Nt 54:38—-43. _

consistent with these findings. Although the studies ugé- Eg\‘/‘é;g‘e Se’ffScetgt)ész,trPeerlllileouss' g(i?git;e-c’AAlieeXr?s?gr?we(t:riclgfrfd
d|ff¢_rent species, thl_s exercise model has_the potentlal_to histomorphometric study in the rat. J Appl Phys@:1999—
facilitate understanding of the role that resistance exercise

: ’ : - - 2005.
might have in preventing bone loss and potentially to int2. Umemura Y, Toshihiro 1, Takeshi Y, Masashi K, Shoji M
crease bone gain.

1997 Five jumps per day increase bone mass and breaking
In conclusion, voluntary climbing exercise accelerated force in rats. J Bone Miner Rek2:1480-1485.

the radial cortical growth of the midfemur by stimulatingl3. Westerlind KC, Fluckey JD, Gordon ST, Kraemer WJ, Farrell
the periosteal bone formation. The cortical bone formation PA, Turner RT 1998 Effect of resistance exercise training on
induced by the climbing exercise seemed to strengthen the gi’&'gg' i%i cancellous bone in mature rats. J Appl Physiol
structure of the midfemur. The incrgqse in trabecular bong thomi_T, Lee SJ, Okimoto N, Okazaki Y, Takamoto T,
mass of the lumbar vertebrae and tibia was caused by both Nakamura T, Suzuki M 2000 Effects of resistance exercise
increased bone formation and reduced bone resorption. The
effect of the exercise was site specific on the cortical enve-

training on mass, strength, and turnover of bone in growing
rats. Eur J Appl PhysioB2:268—-274.

lope in the midfemur, supporting accelerated cortical drift5.

by mechanical stimulation.

Yarasheski KE, Lemon WR, Gilloteaux 1990 Effect of heavy-
resistance exercise training on muscle fiber composition in
young rats. J Appl Physid®#9:434-437.

Duncan ND, Williams DA, Lynch GS 1998 Adaptation in rat
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ing. Eur J Appl Physiol77:372—-378.
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