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Immobilization of the rat hind limb

A new model for the immobilization
of the rat hind limb
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Abstract

An alternative device for the immobilization of the hind limb of the rat

was developed to study the effects of chronic disuse on the soleus and

tibialis anterior muscles, maintained for 3 weeks in the shortening and

the stretching positions, respectively. The proposed device is made of

steel mesh and cotton materials, and has some advantages when

compared to cast or plaster cast: it is cheaper, lighter (12 g or 4% of the

body weight of the rat) and the same unit can be easily adjusted and

used several times in the same animal or in animals of similar size.

Immobilization is also useful to restrain the movements of the hip,

knee, and ankle joints. Male rats (291 ± 35 g and aged 14 ± 2 weeks)

were used to develop and test the model. The soleus muscle of 18 rats

was maintained in a shortened position for 21 consecutive days and

lost 19 ± 7% of its length (P = 0.008) and 44 ± 6% of its weight (P =

0.002) compared to the contralateral intact muscle. No difference (P =

0.67) was found in the stretched tibialis anterior of the same hind limb

when compared to the contralateral muscle. No ulcer, sore or foot

swelling was observed in the animals. Immobilization was effective in

producing chronic muscle disuse in the hind limbs of rats and is an

acceptable alternative to the traditional methods of immobilization

such as cast or plaster cast.
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The immobilization of the rat hind limb is

frequently used to study the adaptation of

skeletal muscle to chronic disuse and also to

evaluate the effect of the muscle positions

(shortened or stretched) during the disuse

period.

One of the most widely used methods for

the immobilization of animals is the plaster

cast (1-7), but it is very expensive to be

frequently used in studies, especially in coun-

tries which import it.

The cast is also a popular and inexpen-

sive alternative for the immobilization. Our

tests showed that the immobilization made

of cast is too heavy, corresponding to about

40-60% of the body weight of the rat. In

addition, this procedure was effective only

when the hip joint was immobilized too.

Other kinds of difficulties were also found,

i.e., some animals showed skin ulceration

probably due to the retention of urine by the

cast; there was a severe decrease in body

weight; as the immobilization is fixed, it is

not possible to look at the restricted area

frequently to check the possible presence of

ulceration or swelling; some rats were able to

slip out of the immobilization. Similar diffi-

culties were also described in previous stud-
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ies using cast immobilization (1,8).

After several tests trying to find an alter-

native device for immobilization to avoid

the problems caused by a cast, we developed

the model described here, which permitted

later studies of the adaptation of the skeletal

muscle of hind limbs submitted to disuse in

shortened and stretched positions.

The material used to produce the immo-

bilization device is light (12 g or 4% of the

body weight of the rat) and inexpensive. For

each immobilization unit we used 21 cm of

steel mesh (number 6), 15 cm of cotton

cloth, adhesive tape and a stapler (Figures 1

and 2). The device is easily fitted and fixed

to the animal. Other advantages are that it is

reusable, i.e., the same device can be used

several times, and can be rapidly removed

from the animals.

Eighteen male albino rats weighing 291

± 35 g and aged 14 ± 2 weeks were used to

test this immobilization device. The animals

were housed in plastic cages in an animal

room under controlled environmental condi-

tions, with free access to standard food and

water. The study was conducted in accor-

dance to the Guide for Care and Use of

Laboratory Animals (9).

Rats were anesthetized by intraperito-

neal injection of xylazine (12 mg/kg) and

ketamine (95 mg/kg) before the immobiliza-

tion procedure. The detailed sequence of the

immobilization of the left hind limb of the rat

is described in Figure 1. Note that the ankle

joint is fixed in full plantar flexion, which

maintains the soleus and tibialis anterior

muscles in the shortened and stretched posi-

tions, respectively (Figure 1E,F). The meas-

urements of the upper and lower parts of the

immobilization device are also described in

Figure 2.

The upper part of the immobilization de-

vice is similar to a T-shirt made of cotton

cloth (Figure 1A), which permits free move-

ments of the head and forelimbs of the ani-

mal (Figure 1E,F).

Before fixing the immobilization device

Figure 1. Sequence of hind limb immobilization. A, The upper part is similar to a T-shirt
made of cotton. B, The lower part, made of steel mesh, has its borders protected with
adhesive tape and is then divided into two parts (anterior and posterior). C, Next, the two
parts are stapled to the anterior and posterior parts of the T-shirt, respectively. To protect
the anterior region of the leg, a cotton pad was fixed on the anterior part of the immobiliza-
tion (asterisk). D, The device is ready to be applied to the rat. E, After the rat is dressed with
the T-shirt, the left ankle joint is immobilized in full plantar flexion with tape. F, Finally, both
the anterior and posterior parts are fitted around the body of the rat and fixed with tape. The
detail shows the final shape of the immobilization on the ankle joint.

Figure 2. The mold for hind limb
immobilization for rats weighing
291 ± 35 g. A, Measurements of
the upper part (T-shirt), which is
made of cotton. B, Measure-
ments of the lower part of the
mold, made of steel mesh. All
the measurements are in cm.

Superior part
(T-shirt)

Inferior part
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to the hind limb, a small cotton pad is placed

around the hip and knee joints to prevent

possible skin ulceration. Before final immo-

bilization, the ankle (Figure 1) was wrapped

with micropore and later fixed in full plantar

flexion with adhesive tape (Figure 1E).

Despite the light weight of the immobili-

zation device, the body weight of the ani-

mals decreased significantly (12 ± 6%) dur-

ing 21 consecutive days of immobilization.

The weight of the left soleus muscles,

immobilized in the shortened position dur-

ing the same period of time, was also re-

duced by 44 ± 6% when compared to the

contralateral intact soleus (0.13 ± 0.04 vs

0.19 ± 0.3 g, respectively; P = 0.002, paired

Student t-test). The immobilized soleus lost

19 ± 7% of its length (11.4 ± 1 vs 14 ± 1.5

mm, respectively; P = 0.008, paired Student

t-test) and 23 ± 15% of the number of serial

sarcomeres (5748 ± 1103 vs 7517 ± 797,

respectively; P = 0.01, paired Student t-test),

when compared to the contralateral muscles.

The shortened soleus also presented muscle

fiber atrophy.

Our data are similar to those reported by

different investigators using skeletal muscle

immobilization with plaster of Paris and plas-

ter casts. For example, Tabary et al. (10)

found a 40% decrease in the number of serial

sarcomeres in the soleus muscle fibers of

cats immobilized with a plaster cast in the

shortened position for 4 weeks. Williams

and Goldspink (2,11,12) also observed

muscle fiber atrophy, a decrease in fiber

length and a loss of about 40% of serial

sarcomeres in the soleus muscle of mice

immobilized in the shortened position for 4

weeks with a plaster cast or plaster of Paris

cast. It is also known that several weeks of

immobilization contribute to decreasing both

the body weight and the weight of skeletal

muscles maintained in the shortened posi-

tion, as observed for the soleus muscle of

rats (13).

In contrast, immobilized and stretched

tibialis anterior muscles showed discrete at-

rophy but no difference in weight when com-

pared to the contralateral muscle (0.57 ±

0.06 vs 0.56 ± 0.09 g; P = 0.6, paired Student

t-test). This result is also similar to data

reported in previous studies in which tibialis

anterior muscle was immobilized in the

stretched position using a plaster cast (14).

Since muscle stretching is due to bone growth

it is considered an important stimulus for the

normal postnatal increase in the serial sar-

comere number. Several studies carried out

on animal models reported that skeletal

muscles of mammals immobilized with a

plaster cast or plaster of Paris cast in a maxi-

mal stretch position increase muscle protein

synthesis and the number of serial sarco-

meres (for a review, see Ref. 14).

No skin ulceration or foot swelling was

found in the animals when the immobiliza-

tion was removed.

The immobilization device proposed here

was effective in producing chronic muscle

disuse in the hind limbs of rats and is a good

alternative to the traditional methods of im-

mobilization.
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