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Development of muscle sensory neurons and
monosynaptic stretch reflex circuit

Sik-Hyun Kim, P.T., MS.

Department of Physical Therapy, Sunlin College

{Abstract>

This review discusses the development of muscle receptors, in particular, that of muscle sensory
neurons and monosynaptic stretch reflex circuit. The development of muscle sensory neurons
and monosynaptic stretch reflex requires a series of steps including expression of neurotrophic
transcriptional factors and their receptor. The monosynaptic stretch reflex circuit is unique
neuronal circuit system, and highly precise synaptic connection systems. Thus, coordination of
sensory—motor function in muscle receptors depend on the expression of distinct classes of
molecular cues, and on the formation of selective synaptic connections between sensory-motor
neurons and their target muscle. Recent neurotrophic and transcription factor expression studies
have expanded our knowledge on how muscle sensory neuron is formed, and how

sensory—motor system is developed.
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SFE A g 7IAH 8 (stretch-
sensitive mechanoreceptor)°]®, HAHozw w
= T AR W EAlEle 549 25 784
(muscle receptor)Z Mg 53 TAE L9
WA Z(intrinsic muscle)®} 22 Z4H Wl &2
AT s A, JAAY 5 AHE #Ee ¢
A&t A 9] FAE A% 25 Y T8 FHO
AZE SA3hA 53] 5 ZFA 21 2d=7t A9
2 AoE 4EA UthE D(TE 1. webA o]
£ 29FE 7 713 (tendon organ)¥ TlEo] &
1% As 5o AFTE F4 =Wl A)AE Jocal
feedback system) &3l TFZ T4 HEE A
3K Proske, 1997).
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3% 1. Structure and mechano—electrical properties of intrafusal muscle fibers

(Modified from Boyd, 1981a)
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in muscle spindle.

Dynamic Bag-1 fiber

Static Bag-2 fiber Chain fibers

Length Intermediate (8mm)
Diameter Large (20um)
ATPase activity Low

Glycogen content Low/medium
Elastic fibers at pole Scarce

Rate of atrophy when

denervated Slow

- 1 S i
Motor innervation Dynamic y-(£8)

axons
Sensory innervation Group Ia afferent
Contraction when axon

stimulated Smooth

at 10 Hz

Maximal e>.<tension of 904 ~89%

sensory spirals

Electrical response at Local response,
motor nerve endings non-propagated
Sstimulation fi fi

Stimulation frequency for 75-100/s

maximal contraction

Long (9mm)
Large (25pum)
Medium/high
Medium

Prominent

Slow

Static y—axons

Group la/lI
afferent

Small, smooth

1296 ~30%

Local response,
non-propagated

100/s

Short (4mm)
Small (12pm)
High

High

Present

Fast

Static y-(+B) axons
Group la/II afferent

(prominent group II
afferent)

Oscillatory

15%6~20%

Propagated
action potential

150-200/s

58

g 1 o L W

RUNN:}



Gamma motor neuron
(Dynamic)

(Static)

Primary ending

Gamma motor neuron

Ia afferent

11 afferent

Nuclear bag 2 fiber

Nuclear chain fiber

Secondary ending

1% 1. Schematic view of the sensory and motor innervation of the mammalian muscle
spindle. Ia primary afferents convey information to the CNS from all three intrafusal
muscle fibers. Secondary (II) afferents convey information from nuclear bag—2 fiber
and nuclear chain fiber. Nuclear bag—1 fiber is innervated by gamma—dynamic motor

axon, whereas nuclear bag—2

and nuclear

chain fibers are innervated by

gamma—static motor axon. (Modified from Hulliger, 1984)
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A 02 Bag-2 A7 €Ak 2l
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AtHWalro9} Kucera, 1999).
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cription factor)® 471¢] Egrit(early growth
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¥ X3 o ErbB2= EGF-4-83|(epidermal
growth factor-receptor)e] YFEo 2 Z7F Fol+
% njo]3) 2 B(avian erythroblastosis virus B)ol|
A #gelddet (Down- ward 5, 1984).
NRG o] &A(isoform)= ErbBe 4S8 53
AESHH &5s Adsly QX I e %
71 B3l AAAHQ] 9TS  FSH(Burder®
Yarden, 1996). ErbB2 & A FUl Aol

=
=

dHEn ZFAZOA o]E ErbB2 AARIAE A
oz AAL A 4% 2HF A I/

8719 N7 222

(Andrechek 5, 2002).

Hippenmeyer & (2002)2 NRGs$} ErbB <
EAo] E sl dis) wg T EE 74
HE BUSEHIY 2). o5 AFEHE F4,
A8 e IS ATEY v guile
ARs 1T 5 Utk 2" 1A-1BE [a +

oWlske Ao Felsirt

1A

| =

A Al F5E St AR ol AA
o

JEH(<E14), °]A7]o] FuUlos Z9loe
Aoz WEks] PHsly)lE olgrh 1Y 2A-2B

Ia T4 AFFD FU Ahsk At

i Hr oo



[1-a

Neuregulin-1

ErbB8 ErbB

Arrival (<E14) 2-A Induction (E14.5) 3-A Maturation (E15.5-18.5) [|4=A Maintenance (P0-P7)
ﬁf“ la afferent la afferent la afferent
| —— —
— [ —
-, Ct:.-_ ——
Unspecified Myotybe | Unspecified Myotube Muscle spindle Muscle spindle
1-B 2-B 4-B

Egr3 Pea3 Erm X

Egr3 Pea3 Erm Er81 X

1% 2. Summary diagrams of the developmental transition of the muscle spindle. 1A—4A depict an

unspecified myotube to a fully differentiated muscle spindles,
molecular signals involved in specification of intrafusal muscle fibers.
2002, Neuron, Vol. 36, 1035—1049)
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and 1B—4B summarized
(Reproduced from
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Zd(primary afferent neuron, Group Ia afferent
fiber)® o1& T4
neuron, Group II afferent fiber)®] ¥ £F=2 &
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secondary sensory afferent ending)® Z%3s}
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Dorsal root ganglion

Dorsal Horn

Spinal cord

Ventral Horn Motor neuron

Primary afferent neuron (la)

(2)
(;‘;‘ N

Intrafusal muscle fiber

Extrafusal muscle fiber

-

—

1% 3. Summary diagrams of the major steps in the development of primary afferents and

their axonal projection.
Neurobiology. Vol. 9, 405—409)
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(Sommer 5, 1996).
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(Modified from Chen and Frank, 1999, Current Opinion in
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