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Introduction

At the latest Congress of ISEK in Sapporo, Ja-
pan, we demonstrated that there are three types
of muscle spindles in the extensor digitorum lon-
gus (EDL) muscle, and suggested that several
types of distribution patterns of the muscle spin-
dles were present in the mouse EDL muscle.

The EDL muscle of the pig is separated into
three tendonated fibers, while that of the mouse
is composed of four fibers. In this study, we spe-
cifically examined muscle spindles in the middle
branches of the EDL muscle from three pigs.

Materials and Methods

Six pieces of the middle branch of the EDL
muscle from three normal pigs (6 months old,
male) were used in this study. An example of the

Fig. 1

comparison of the Pig EDL and
mouse EDL muscle.

Types of Muscle spindle, distribution of muscle spindle, branches of EDL muscle spindle, pig

pig EDL muscle and its three branches are shown
in Fig. 1, with those of the mouse for compari-
son. The average weight and length of the six
pieces were 13.6+3.1 g and 93.7£14.0 mm re-
spectively.

Isolation of muscle spindles from the middle
branches of the EDL muscles was performed us-
ing two of the six pieces. Each sample was fixed
in 10% buffered formalin and cut into 15 parts
under a stereo-microscope as shown in Fig. 2.
Muscle spindles were isolated from each part and
photographed. The longitudinal length, the length
of the equatorial region and the maximum diame-
ter of the equatorial region of each spindle were
measured. The muscle spindles were classified
into three groups by longitudinal length. The ra-
tios of the maximum diameter to the whole longi-

Fig. 2 15 sections of the middle branch of
the EDL muscle.
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tudinal length were compared by between the 3
groups Mann-Whitney test (p<0.05).

The other four middle branches of the EDL
muscle were prepared for serial horizontal sec-
tions. After fixation in 10% buffered formalin,
the middle branches were mounted in agar and
cut into a series of 200 ¢ m-thick sections at 3-4
mm intervals by a microslicer (DTK-1500, D. S.
K.). Spindles in those sections were examined by
a stereo-microscopy.

Results

Seventy-four muscle spindles were isolated
from the two pieces of the middle branch. The
spindles were classified into three groups by lon-
gitudinal length, namely, standard, long and short
types (Fig. 3). Table 1 shows the numbers of iso-
lated muscle spindles found within each group.

Table 2 shows the ratio of the maximum diameter
to the whole longitudinal length. The ratios of the
three types were compared by Mann-Whitney
test (p<0.05).

One hundred and two pieces of muscle spin-
dles were found in the serial sections from four
middle branches of the EDL muscles. In total,
176 spindles were found from six pieces of the
middle branch. Table 3 and Fig. 4 show the distri-
bution of 176 muscle spindles found from six
middle branches of the EDL muscles.

Discussion

Three types of muscle spindles were found in
the pig EDL muscle. This is similar to those in
the mouse EDL muscle”. The percentage of each
type in the pig was nearly equal to that in the
mouse (Table 4: comparison between the present

1. Standard type 2. Long type 3. Short type
1 mm 1 mm 1 mm
L] - O o
Fig.3 Three types of the muscle spindle.
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Table 1 Size of muscle spindles. Table 2 The ratio between maximum
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Table 3 Distribution of muscle spindles in
the middle branch of EDL muscle

Observation of serial sections —102 of muscle spindles were
found.

Isolation of muscle spindles — 74 were found.

In total 175muscle spindles were found fro 6 pieces of the mid-
dle branches.

above : numbers of muscle spindles

below - percentage Types of muscle spindles

mouse standard long short
% 58% 36 6

pig standard long short
% 62% 30 8

Table 4 The ratio of the three types between
the mouse and the pig.

and our previous studies”. It is further suggested
that the mammal may have morphologically dif-
ferent types of muscle spindles in the EDL
muscle.

The distribution of muscle spindles in the pig
EDL muscle is such that about 70 % of the spin-
dles were found in the proximal portion of the
middle part of the middle branch. Give the both
proximal and distal tendons terminate in the
proximal of the middle part of the middle branch;
it is reasonable to assume that muscle spindles
are located more densely in the region most sensi-
tive to the tension of muscles (Table 3 and Fig.

4). Among the three types, the standard type was
most common. Many of the standard type ap-
peared in proximal portion of the middle part of
the middle branch, which would be the most sen-
sitive region to changes in length and tension of
the muscles. Therefore of the this types, it may
be the standard type that plays the most impor-
tant role in the stretch reflex. The long type was
evenly distributed throughout all regions of the
middle branch. This type may be less sensitive,
and bauo the function of detecting more grass
ouerall changes in laugth and tension of the mus-
cle. Conversly, the short type was rare, making it
difficult to suggest their function at the present.

Further electrophysiological studies will be
needed to verify the individual function of the
three types of muscle spindles.””"*

Conclusion
Three conclusions can be drawn from the pre-
sent study.

1. Three types of muscle spindles were found
in the middle branch of the pig EDL muscle,
as we had previously demonstrated in the
mouse".

2. The distribution of muscle spindles was not
even in the middle branch of the EDL mus-
cle.

Fig. 4 Distribution of muscle spindles in the
middle of the EDL muscle.
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3. Each type of muscle spindles showed a dif-
ferent distribution, and will probably have
different roles.
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