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Histochemical Study of the Sensory Endings of Muscle Spindles in Rat Longissimus Muscles

Makoto Takamatsu

Division of Comparative Morphology, Postgraduate School of Nippon Medical School

Abstract

Most studies concerning the structure and function of muscle spindles have utilized the
hind limbs of experimental animals. However, little is known about muscle spindles of the back
muscles. The purpose of this study was to investigate the sensory innervation of muscle
spindles of the paravertebral muscle in the rat. The subjects were 10 normal male rats. The
longissimus muscles were isolated and frozen in cooled isopentanel 0 16000 J and serial
transverse sections were made with a cryostat. Histochemical preparations were then made
using nicotinamide adenine dinucleotide tetrazolium reductasel] NADH-TRO stain and modified
Gomori-trichrome stain. The muscle spindles in each segment were identified microscopically
by observing the equatorial and polar regions. NADH-TR staining was employed to distinguish
nuclear bag 1, nuclear bag 2, and nuclear chain intrafusal muscle fibers. A total of 20 spindle
poles were surveyed. The mean polar length of intrafusal fibers as well as that of each region
O A, B, and CO were measured. NADH-TR staining also demonstrated the terminal sites of
sensory fibers along intrafusal fibers. All spindle poles surveyed were innervated by secondary
sensory fibers in addition to primary sensory fibers. Eight spindle poles were intermediate
type muscle spindles that were innervated by one primary sensory fiber and one secondary
sensory fiber. Twelve spindle poles were complex type muscle spindles that were innervated
by one primary sensory fiber and multiple socondary sensory fibers. The mean length of the A
region was 223.1+ 37.9 umd n0 80for intermediate type spindles and 493.8+ 157.0 umd nO 1200
for complex type spindles. The length of the A region was significantly longer in the complex
type spindles than in the intermediate type spindles] p(J 0.00100 The results suggest that the
innervations of secondary sensory fibers were well developed in the longissimus muscle
spindles in the rat. The morphological features of muscle spindles of the longissimus muscle
may represent the structural basis for qualitatively different afferent discharges that relate to
the characteristic types of locomotion served by paravertebral muscles.
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Fig. 1 Schema illustrating the structure and innervation of a muscle spindle in the rat longissimus
muscle. Intrafusal muscle fibers that constitutes the spindle are encapsulated. The
equatorial region region A[] one of the polesd regions B and C[J and sensory innervations
O primary and secondary endings( are illustrated.

1. the center of the equator; 2: the end of periaxial sheeth; 3: the end of the capsule; 4: the
end of spindle pole;5: periaxial space; bl: nuclear bag 1 fiber; b2: nuclear bag 2 fiber;c:
nuclear chain fiber; p: length of the grouped primary sensory endings;s:length of the
grouped secondary sensory endings; thick spiral line on the intrafusal fiber at the equator:
primary sensory ending; thin spiral line and bar on the intrafusal fiber at the juxtaequator:

secondary sensory ending.
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Fig. 2 Transverse sections of rat longissimus
muscle spindles stained with NADH-TR at
the region A. A: the equatrial sensory region;
B: the juxtaequatrial sensory region. Primary
and secondary sensory nerve endings
appears as dense bands of NADH-TR
precipitate arrow  headsdJ in A and B,
respectively. bl nuclear bag 1 fiber; b2:
nuclear bag 2 fiber; c: nuclear chain fiber. Bar
020 um
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Table 1 Features of intrafusal fiber poles and regional length of longissimus muscle spindles in rats

Total Intermediate type Complex type Level of
spindle spindle Significance

polar length! ¢ mQO 1,729+ 694 1,185.6+ 489.4 2,091.3+ 567.6 PO 0.005
O NO 200 ONCO8d ONDO 120

region Al um0 3855+ 1825 — 2231+ 379 — 4938+ 157.0 — PO 0.001
O NO 200 ONDO 80 ONO 120

region Bl ym0 5225+ 2914 o 336.3+ 196.8 o 646.7+ 282.8 o PO 0.01
O NO 200 ]u ONO 8O ]u ONDO 120 ]u

region € pymQd 821.0+ 3535 — - 626.3+ 289.7 - - 950.8+ 3414 - - PO 0.05
O NDO 200 O NCO8d O NO 120

b0 pum0O 1534+ 669 — 995.0+ 4503 — 18933+ 5413 — PO 0.005
0O nO 200 OnO80 0OnO 120

b2l pmO 1,729+ 694 o 1,185.6+ 489.4 o 2,091.3+ 567.6 o PO 0.005
0O nO 200 ]u OnO80 ]u OnO 120 ]u

€ ym0d 936+ 462 - 644.7+ 2068 - - 1,261.4+ 306.0 - PO 0.001
O nO370 0O n0O 150 0 n0O 220

Data are given as means + S.D. Sample sizes are given in parentheses. Results of comparison of features among
different regions or types of intrafusal fiber within each groupl intermediate type muscle spindle, complex type
muscle spindle and totalCare shown. Asterisk indicates significant differences among three different regions or three
typed intrafusal fibers. Bartlet test for homogeneity of variances and multiple range testsC] Kruskal-Wallis test,
Bonferroni testCwvith significance level of 0.05. Results of comparison of features in intermediate and complex muscle
spindles are also shown. There were statistically significant differences between intermediate type muscle spindle
and the complex type muscle spindle in all items at p O 0.05 analyzed by Wilcoxon Rank Sum W test. b1l nuclear bag
1 fiber; b2: nuclear bag 2 fiber; c: nuclear chain fiber

Table 2 Comparison of features of primary and secondary sensory fibers in longissimus muscles of rats

Number of sensory fibers Length of sensory domains
0 n/spindle poled O ymQO

A. Primary afferents
intermediate type spindle 1.0+ 0.00 NO 80 107.5+ 41.00 NOJ 80
complex type spindle 1.0+ 0.00 NO 1200 150.4+ 6740 NO 1200
total 1.0+ 0.0 NO 200 133.3+ 60.90 N[O 200

B. Secondary afferents
intermediate type spindle 1.0+ 0.00 NO 80 79.4+ 2040 NO 80 ]D
complex type spindle 2.1+ 081 NO 120 2483+ 93.00 N[O 1200
total 1.7+ 0.6 NO 200 180.8+ 111.81 N 200

C. Secondary sensory fibers Number of secondary sensory fibers[] n/each intrafusal fiber polel]
nuclear bag 1 fiberd b10 0.4+ 0.6l nO 200,
nuclear bag 2 fiberd b20] 1.3+ 0.1 nO 2000 ﬂ§
nuclear chain fiber cOJ 1.1+ 0.8 nO0 370

Values are expressed as means + S.D. Sample sizes are noted in parentheses. Asterisk indicates a significant
difference at p O 0.05 analyzed by Wilcoxon Rank Sum W test. Double asterisk indicates a significant
difference among three typed intrafusal fibers. Bartlet test for homogeneity of variances and multiple
range tests[] Kruskal-Wallis test, Bonferroni test(] with significance level of 0.05.
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Table 3 Incidense of cross-terminals of
primary and secondary afferents
in 20 spindle poles from longis-
simus muscles of rats

bl b2 [
bl N/A 3000 oo o
b2 3000 N/A 0020
C 00 o0 00 20 1050

Cross-terminals of secondary afferents
denoted by parentheses. N/A, not applica-
ble to this study. bl nuclear bag 1 fiber; b2:
nuclear bag 2 fiber; c: nuclear chain fiber
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Fig. 3 Correlation between length of primary
sensory ending zone and length of region A
in longissimus muscle spindles of rats. There
is a positive correlation between length of
the grouped primary sensory endings and
length of region Alr0056;pC0.0107 A:
intermediate  type muscle spindle; o :
complex type muscle spindled
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Fig. 5 A transverse section at the equatorial zone
of the spindle stained by toluidine blue.
Sensory nerve endings appear as dense
bands. Note the region occupied by primary
sensory nerve terminals(] arrow heads] b1l
nuclear bag 1 fiber; b2: nuclear bag 2 fiber; c
nuclear chain fiber; ps: myelinated primary
sensory  fiber; ss. myelinated secondary
sensory fiber; m: motor fiber; arrow:
intramuscular nerve trunk. Bard 20 um
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