Comparison of the effects of intermittent weight
bearing and short duration stretching on disuse
atrophy of rat soleus muscles
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ABSTRACT

The present study was undertaken to examine whether or not there would be any
differences in the effect of suppressing muscular atrophy between intermittent weight
bearing and short duration stretching applied with controlled timing and frequency during
progressive disuse atrophy. Experimental materials selected were the soleus muscles of
male Wistar rats. The rats were divided into the control group and the experimental group.
The experimental group was subdivided into three groups : hindlimb suspension(HS)-only
group, HS+intermittent weight bearing group, and HS+short duration stretching group.
Weight bearing was induced by temporarily removing the suspension. The right soleus in
the STR group was maximally stretched by dorsiflexing the ankle joint with non-elastic
tape. Weight bearing and stretching was performed daily for one hour. The study period
was set at 2 weeks.

Short duration stretching suppressed muscular atrophy when the cross sectional area of
muscle fibers was analyzed as an indicator of atrophy. However, it exerted no evident
qualitative effects. Intermittent weight bearing had effects on all of the muscular weight,
fiber composition and cross sectional area. Under the conditions used in this study,
intermittent weight bearing was more useful in suppressing the progression of disuse atro-
phy of muscles than short duration stretching.
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Introduction to resume adequate functional weight bearing activity

Skeletal muscles of the lower extremities tend to
atrophy if people remain inactive in bed for pro-
longed periods or if their muscles are kept from
weight bearing, as in after surgery. This is called
"disuse atrophy" and it has been shown to be rela-
tively reversible. Since the lack of weight bearing is
the cause of disuse atrophy, resumption of weight
bearing is considered an appropriate clinical counter-
measure for dealing with this condition' *’. However,
depending on the patient's condition and/or the length
of the non-weight bearing period, it is often difficult

In cases where no weight bearing is permitted at all
measures such as isometric contraction and passive
muscular stretching are undertaken with instruction b;
a physical therapist’’. Often a physical therapis
supervises these measures on the basis of empirica
knowledge while monitoring the patient closely. I
such cases, an explanation of the method of treatmer
and the reasoning should be given to the patient.
The condition called "disuse atrophy of muscle
has been reported by many investigators, includin
those who have studied the adaptation of astronauts 1
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the micro-gravitational environment of space and
looked for countermeasures to take when the astro-
nauts return to earth® ?’. Pathological changes associ-
ated with disuse atrophy have been studied in depth,
using animal models in hindlimb suspension™ m
Muscular atrophy induced by hindlimb suspension
resembles muscular atrophy observed among bed-
ridden individuals in hospitals and institutions. The
authors therefore studied the effects of intermittent

2= and  short duration stretchin

weight bearing
g? " of muscles (performed under varying condi-
tions) upon the suppression of the progress of muscu-
lar atrophy using this animal model. This past study
has revealed that timing and frequency are important
factors. We came to the conclusion that clinical
efficacy at suppressing the progress of muscular atro-
phy is greater when using intermittent weight bearing
than when using short duration stretching. To date,
however, no report has clearly revealed differences in
efficacy between these two methods.

The present study was undertaken to examine
whether or not there would be any differences in the
effect of suppressing muscular atrophy between inter-
mittent weight bearing and short duration stretching
applied with controlled timing and frequency during
progressive disuse atrophy.

Methods

Experimental materials selected were the soleus
muscles of male Wistar rats (n=18, body weight ;
217+8 g). This study was conducted pursuant to the
guidelines for the care and use of laboratory animals
in Takara-machi Campus of Kanazawa University.
Disuse atrophy of muscle was induced by hindlimb
suspension using the device described in our previous
study™. The study period was set at 2 weeks.

The rats were divided into the control group (CON)
and the experimental group. The experimental group
was subdivided into three groups : hindlimb suspen-
sion-only group (HS), HS+intermittent weight bearing
group (WB), and HS + short duration stretching group
(STR). Weight bearing was induced by temporarily
removing the suspension. The right soleus in the STR
group was maximally stretched by dorsiflexing the
ankle joint with non-elastic tape®. In the WB, STR
and CON groups, the right soleus was the subject of

the experiment, and in the HS group, the left soleus
in this study. Weight bearing and stretching was per-
formed daily for one hour.

After body and muscle weight were measured, the
muscles were stored at —80°C until histochemical
analysis. Later transverse sections were prepared and
classified as to muscle fiber type (I and II) by
ATPase staining. The cross sectional area of more
than 100 muscle fibers in each muscle was measured

as described in a previous study"

. The proportion of
each type was also calculated.

For the statistical evaluation of differences among
groups, a one-way analysis of variance was per-
formed, followed by Scheffe's post hoc test (P<0.05).

Data were expressed as mean= SD.

Results

Compared with the CON, the wet weight of soleus
muscle in the experimental group was significantly
smaller. Among the experimental groups, the parame-
ter in the WB group was significantly greater than
that in the HS group. But no statistically significant
difference was observed between the other experimen-
tal groups. The relative weight in the HS and STR
group was significantly smaller than that in the CON
group. Among the experimental groups, the relative
weight in the WB group was significantly greater
than that in the HS group (Table 1).

The proportion of type I fibers in the experimental
groups tended to decrease compared with the CON
group. Among the experimental groups, type I fibers
in the WB group were significantly greater than those
in the HS group (Table 1).

The mean cross sectional area of type I fibers in
the WB group decreased to 68.6%, in the STR group
to 54.2%, and in the HS group to 49.4% of the value
for the CON group. A statistically significant differ-
ence was recognized between all groups (Fig. 1).
Figures 2 and 3 show in graphical form the distribu-
tion of the cross sectional area of all measured fibers.
For type I fibers, the distribution in the experimental
group was shifted to the left side of that in the CON
group and the range of distribution was also narrow.
The WB group was located between the HS and
CON group. The STR group showed a similar distri-
bution to the HS group, but the peak value was lower
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Table 1. Muscle mass and proportion of fiber types.

Muscle weight Relative weight Proportion
(mg) (mg/g) Type I (%) Type II (%)
CON 108£9+ 0.37%0.03¢ 73.7x1.7¢ 26.3*1.71
WB 675%1 0.33£0.031 68.1E1. 7=t 31.9+1. 7=t
STR 56 8% 0.28+0. 03x 66. 312, 2% 33.7+2. 2%
HS 50+8x% 0. 25£0. 03x% 63.9+2. 5% 36. 112, 5x

Relative weight = muscle weight/body weight, *: p<0.05 (compared with CON), t: p<0.05 (compared with HS).
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* : p<0.05 (compared with CON), t1: p<0.05 (compared with HS).
Fig. 1 Cross-sectional area of soleus muscle fibers.

than that in the HS group (Fig. 2). The mean cross
sectional area of type Il fibers in the WB group de-
creased to 68.8%, in the STR group to 54.5%, and in
the HS group to 51.1% of the value for the CON
group. A statistically significant difference was recog-
nized between all groups (Fig. 1). Typell fibers also
showed a similar distribution to type I fibers, but the
peak value of typell fibers in the STR group was
higher than that in the HS group (Fig. 3).

Discussion

In the present study, the effect in suppressing the
progression of disuse atrophy of muscles was com-
pared between two clinical methods (intermittent
weight bearing and short duration stretching), using
rat soleus muscles. The relative weight in the WB
group did not differ from that in the CON group,
indicating that progression of atrophy was prevented
by one-hour weight bearing per day. The wet weight
of the muscle was also significantly greater in the
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WB group than in the HS group, indicating the effi-
cacy of weight bearing. However, it did not differ be-
tween the STR and HS groups. Thus, stretching had
no effect on muscular weight. When the proportion of
each type of muscle fiber was analyzed, the experi-
mental groups showed a tendency for an increase in
typell fibers. The percentage of type I fiber was sig-
nificantly higher in the WB group than in the HS
group, indicating the efficacy of weight bearing. In
the STR group, neither muscular weight nor the per-
centage of type I fiber showed any difference from
the HS group. Stretching had neither quantitative nor
qualitative effects. The cross sectional area of both t
ype Il and I muscle fibers changed following weight
bearing or stretching. This parameter was significantly
higher in the WB group than in the STR group,
indicating greater efficacy with weight bearing than
with stretching. However, it was not possible to com-
pletely prevent a decrease in cross sectional area of
muscle fibers (atrophy) by one-hour intervention per
day. Thus, short duration stretching suppressed mus-
cular atrophy when the cross sectional area of muscle
fibers was analyzed as an indicator of atrophy.
However, it exerted no evident qualitative effects, i.e.,
no evident effects on muscular weight or the compo-
sition of muscle fibers (a qualitative aspect).
Intermittent weight bearing had effects on all of the
muscular weight, fiber composition and cross sec-
tional area. Thus, intermittent weight bearing seems to
be more useful in suppressing atrophy than stretching.

We previously reported the effects of anesthesia on
the efficacy of short duration stretching®'”. In the
present study, stretching was performed in unanesthe-
tized animals. It seems likely that stretching induced
stimulation of muscles as well as suppression of mus-
cular atrophy due to resistance of the rat to the
manipulation. The ankle joint position of plantar-
flexion, which is seen in long-term bed-ridden
patients, is also seen in rats during hindlimb suspen-
sion. According to Riley et al'”, the ankle joint of
rats during quiet weight bearing shows an approxi-
mately 60-degree dorsi-flexion, but hindlimb suspen-
sion gradually induces plantar-flexion, leading to
shortening of the soleus muscle and a decrease of the
range of motion to 0 degree (dorsi-flexion) —90 degrees
(plantar-flexion). Ohira et al™ reported that the

length of the soleus muscle during hindlimb suspen
sion is about 10mm shorter than that during quic
weight bearing. Passive stretching of the soleu
muscle under this condition is expected to suppres
atrophy. Intermittent weight bearing seems to stimu
late an increase in muscular work by inducing stretch
ing of the soleus muscle and supporting the bod
weight. This is probably the greatest factor explainin
the finding that intermittent weight bearing produce
more suppression of atrophy than did short duratio:
stretching. Also during hindlimb suspension, activ
movement of the ankle joint is possible. Although th
electromyographic activity decreases immediately afte
suspension, it normalizes in 7 days in the case of th
soleus muscle™. A problem with this effect is that i
is not accompanied by manifestation of muscula
tension. It appears that normal muscular activity doe
not take place during non-weight bearing, leading t
a decrease in afferent information transmission fror
muscles to the central nervous system and an inabilit
to retain normal muscular functioning. In this respec
weight bearing seems to be more favorable.

Under the conditions used in this study, intermitter
weight bearing was more useful in suppressing th
progression of disuse atrophy of muscles than shor
duration stretching. However, since the respons
differed among different types of muscle fibers, it i
required for us to devise various countermeasure
depending on the type of muscle fibers. There ar
many clinical cases where weight bearing is difficu
due to the duration of the non-weight bearing perio
or other factors. In such cases, stretching with apprc
priate timing and frequency will be a more effectiv
physical therapy.
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