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c1
c2
c3
ca

A CERVICAL
REGION

C5 Elbow flexors: Partial upper extremity function
C6 Wrist extensors: Standing with stander/orthotics
C7 Elbow extensors
C8 Finger flexors
T

T2 C upper ity

T3-T8 Standing with stander/orthotics
T4 Possible exercise ambulation

5

T6

T7 Partial function of frunk muscles
T8

T9-T12 Exercise ambulation
T10-L2 Bladder: Sympathetic input from hypogastric nerve
T11 Some function of trunk muscles

T12-S85 Sexual function varies

1 C trunk function: exercise ion, i h hold ambulati
L2 Hip flexor les p exercise ion, he
L3 Knee extensors or Quadri p h hold

L4 Medial knee flexors present. Ankle dorsiflexors, 3/5 strength
L4-S5 Community ambulation
L5 May walk with or without crutches in home

$1 Hip abductors, 3/5 strength
§2 Hip extensors, 4/5 strength. Ankle, plantarflexors, 3/5 strength. May walk with

or without crutches

§2-S4 Bowel and bladder function varies. Bladder: parasympathetic input from the
pelvic nerve. S ic input from pudendal nerve to urethral sphi

S§3 Al muscle activity may be within normal limits

S4

S5 and above Be aware of signs and sy of shunt ion and
spinal cord

http://www.spinabifidaassociation.org/site/c.evKRI70X10J8H/b.8290049/k.88E0/SB_and_the_Spine.htm
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Intemeuron

€) INTEGRATING CENTER
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nerve impulses)

http:/



) el ola usls, o
ya N

(=15 SIS glgsl o

b S35 (5 2.0 G

Hlas Pl Sl (Soalos

Soalod yo b gbo,lae il

(Ll ST B 9 (635 10 (5 1> slagle B Sl
LS o Condd jo (Fos o sl sl ool
S35 30 las] phus 45 ol

)

EERGENC O O O



Yv

SR S sl &1

(Stretch reflex) ivis wsds, o
(Tendon reflex) Sgusl wsdd; ©

(Flexor/withdrawal reflex) cuscis g/ susssS o wSlé, ©
(Crossed-extensor reflex) sblize gouiss b wSlé, ©



Stretch Reflex

YA

To brain

@ stretching stimuiates
SENSORY RECEPTOR

SENSORY
(muscle spindie)

NEURON

© crrecTor
(same muscle)
contracts and o MOTOR

relieves the NEURON
stretching

© Within INTEGRATING

CENTER (spinal cord), Inhibitory
sensory neuron activates  interneuron
5 motor neuron
-
S
B
Antagonistic kY
muscles relax %

+—— Motor neuron to
d antagonistic muscles
is inhibited
"/
v s

http:/



Y4

Stretch Reflex spkd




Stretch Reflex spkd

P s 0 b3
SRS zews gl |y polysynaptic response s monosynaptic response pwslio | 7 |



Jlio pouas g

AR
Dorsal
= — root ganglion
m‘ ., ’ .“- '.'»wl-l fle muscles
contracts in- 4 |
Motor neuron
3. Antagonist P
Motor neuron
(inhibited)

http:/



Yy

http:/

Inhibitory
interneuron
EFFECTOR
Ot Owen
to same tendon) o SENSORY
relaxes and - — e
relieves excess e Stees,,, ~oxcited
tension s 0 Increased tension “*s,,
.

Tendon Reflex

- stimulates SENSORY
s RECEPTOR (tendon

Excitatory

© within INTEGRATING :
interneuron

CENTER (spinal cord),
sensory neuron activates
inhibitory interneuron

contract Motor neuron to
antagonistic
muscles is excited

AN K



Tendon Reflex spkd




Y¥f

http:/

Flexor (withdrawal) Reflex

© EFFECTORS )
(flexor muscles) Dy 9
contract and interneuron
withdraw leg

o Within INTEGRATING CENTER
(spinal cord), sensory neuron
activates interneurons in several
spinal cord segments

© Stepping on tack stimulates
SENSORY RECEPTOR (dendrites
of pain-sensitive neuron)



Flexor-withdrawal Reflex splé




A4

http:/

Crossed-extensor Reflex

© Witin INTEGRATING CENTER
{spinal cord), sensory neuron

LS N\, RECEPTOR (dendrites of
> TSNy pain-sensitve neuron) in
Withdrawal of right leg right foot Extension of left leg
{fexor redex) (crossed extensor reflex)



Crossed-extensor Reflex spksd




) el slausls, ¥
ya "~

= uSls, glgil
oSS 5 (5 204 Gass O
) Hac plisl sbeSI Soalor ©
oolod o £l sbyylowe W56 O
L (il 3 9 (635 0 (5> slapled pSU ©
S o Condd jo (Foe o oSS Coal ©
55 30 Plas! g & ool O



Y¥a

W s 5 (5 3 Gl
N Jlo e
Y Jbo °
¥ Jlo °



f.

Figure 35- 1 Reflex responses are often
complex and can change depending on the
task.

A. Perturbation of one arm causes an
excitatory reflex response in the contralateral
elbow extensor muscle when the
contralateral limb is used to prevent the body
from moving forward by grasping a table.
The same stimulus produces an inhibitory
response in the muscle when the contralateral
hand holds a filled cup. (Adapted, with
permission, from Marsden et al. 1981)

Average EMG

elbow extensor

Table support

Perturbation

Perturbation

) Jbeo

Hold cup

Perturbation

Table support
\ P Hold cup
L L 1 1 1 1 1
-50 0 50 100 150 200

Time (ms)
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B
Tendon to
finger flexor
Tendon to
thumb flexor Loading
Movements EMG responses
Finger
T10mm
Figure 35- 1 Reflex responses are often complex and can
change depending on the task.
B. Loading the thumb during a rhythmic sequence of finger to
thumb pinching movements produces a reflex response in the Thumb
finger muscle as well as the thumb muscle. The additional | Load
movement of the finger ensures that the pinching movement
remains accurate. The blue area in the electromyogram (EMG) 15 mm
records indicates the reflex response. (Adapted, with
permission, from Cole et al. 1984.) —

50 ms
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Figure 35- 2 Spinal reflexes involve coordinated contractions
of numerous muscles in the limbs.

A. Polysynaptic pathways in the spinal cord mediate flexion and
crossed-extension reflexes. One excitatory pathway activates
motor neurons that innervate ipsilateral flexor muscles, which
withdraw the limb from noxious stimuli. Another pathway
simultaneously excites motor neurons that innervate contralateral
extensor muscles, providing support during withdrawal of the
limb. Inhibitory interneurons ensure that the motor neurons
supplying antagonist muscles are inactive during the reflex
response. (Adapted, with permission, from Schmidt 1983.)
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B Monosynaptic pathways (stretch reflex)
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Synergist length _/

Figure 35- 2 Spinal reflexes involve coordinated contractions of numerous muscles in the limbs.

B. Monosynaptic pathways mediate stretch reflexes. Afferent axons from muscle spindles make excitatory connections on two sets
of motor neurons: alpha motor neurons that innervate the same (homonymous) muscle from which they arise and motor neurons
that innervate synergist muscles. They also act through interneurons to inhibit the motor neurons that innervate antagonist muscles.
When a muscle is stretched by a tap with a reflex hammer, the firing rate in the afferent fiber from the spindle increases. This
leads to contraction of the same muscle and its synergists and relaxation of the antagonist. The reflex therefore tends to counteract
the stretch, enhancing the spring-like properties of the muscles. The records on the right demonstrate the reflex nature of
contractions produced by muscle stretch in a decerebrate cat. When an extensor muscle is stretched it normally produces a large
force, but it produces a very small force (dashed line) after the sensory afferents in the dorsal roots have been severed. (Adapted,
with permission, from Liddell and Sherrington 1924.)




SNhas I g8 0w jlw (g1 321 g JUSLw 3 549TSL

¥5

tlas Sgo ol gl
SS90 S5 1 Mac g, o
O‘)ST e LSUM.;L;.L; J
olyly &5 sbably

Figure 35- 3 The muscle spindle detects changes in muscle length.

A. The main components of the muscle spindle are intrafusal muscle fibers, afferent sensory
endings, and efferent motor endings. The intrafusal fibers are specialized muscle fibers with
central regions that are not contractile. Gamma motor neurons innervate the contractile polar
regions of the intrafusal fibers. Contraction of the polar regions pulls on the central regions
of the intrafusal fiber from both ends. The sensory endings spiral around the central regions

of the intrafusal fibers and are responsive to stretch of these fibers. (Adapted, with
permission, from Hulliger 1984.)
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Figure 35- 3 The muscle spindle detects changes in muscle length.

B. The muscle spindle contains three types of intrafusal fibers: dynamic
nuclear bag, static nuclear bag, and nuclear chain fibers. A single la
sensory axon innervates all three types of fibers, forming a primary
sensory ending. Type Il sensory axons innervate the nuclear chain fibers
and static bag fibers, forming a secondary sensory ending. Two types of
motor neurons innervate different intrafusal fibers. Dynamic gamma
motor neurons innervate only dynamic bag fibers; static gamma motor
neurons innervate various combinations of chain and static bag fibers.
(Adapted, with permission, from Boyd 1980.)
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C Response of Ia sensory fiber to selective
FA activation of gamma motor neurons
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" _ _ 1Steady state response
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S
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Stimulate static gamma motor neurons

Figure 35- 3 The muscle spindle detects changes in muscle length. 200
C. Selective stimulation of the two types of gamma motor neurons has

different effects on the firing of the la fibers from the spindle. Without 2
gamma stimulation the la fiber shows a small dynamic response to Rl
muscle stretch and a modest increase in steady-state firing. When a

static gamma motor neuron is stimulated, the steady-state response of 0~

) . . . . i n r
the la fiber increases, but there is a decrease in the dynamic response. Stimulate dynamic gamma motor neurons

When a dynamic gamma motor neuron is stimulated, the dynamic
response of the la fiber is markedly enhanced, but the steady-state
response gradually returns to its original level. (Adapted, with

permission, from Brown and Matthews 1966.) _
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Table 35-1 Classification of Sensory Fibers from Muscle

Type Axon Receptor Sensitive to

Ia 12-20 pm myelinated Primary spindle ending Muscle length and rate of change of length

Ib 12-20 um myelinated Golgi tendon organ Muscle tension

I 6~12 um myelinated Secondary spindle ending Muscle length (little rate sensitivity)

II 6~12 um myelinated Nonspindle endings Deep pressure

111 2-6 um myelinated Free nerve endings Pain, chemical stimuli, and temperature
(important for physiological responses to
exercise)

v 0.5-2 pm nonmyelinated Free nerve endings Pain, chemical stimuli, and temperature

Table 35-1 Classification of Sensory Fibers from Muscle.
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Figure 35- 4 The number of synapses in a reflex
pathway can be inferred from intracellular
recordings.

A. An intracellular recording electrode is inserted
into the cell body of a spinal motor neuron that
innervates an extensor muscle. Stimulation of la
sensory fibers from flexor or extensor muscles
produces a volley of action potentials at the dorsal
root.

B. Left: When la fibers from an extensor muscle
are stimulated, the latency between the recording of
the afferent volley and the excitatory postsynaptic
potential in the motor neuron is only 0.7 ms.
Because this is approximately equal to the duration
of signal transmission across a single synapse, it can
be inferred that the excitatory action of the stretch
reflex pathway is monosynaptic. Right: When la
fibers from an antagonist flexor muscle are
stimulated, the latency between the recording of the
afferent volley and the inhibitory postsynaptic
potential in the motor neuron is 1.6 ms. Because
this is approximately twice the duration of signal
transmission across a single synapse, it can be
inferred that the inhibitory action of the stretch
reflex pathway is disynaptic.
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Figure 35-5 Inhibitory spinal interneurons coordinate reflex actions.

A. The la inhibitory interneuron regulates contraction in antagonist muscles
in stretch-reflex circuits through its divergent contacts with motor neurons.
In addition. the interneuron receives excitatory and inhibitory inputs from
corticospinal and other descending pathways. A change in the balance of
these supraspinal signals allows the interneuron to coordinate cocontractions
in antagonist muscles at a joint.

A Ia inhibitory interneuron
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pathway
Other inhibi
descending i[r?t::rt:\lgggx
pathways
Iz afferent —
fiber
Motor
neurons
Extensor
muscle
Muscle
spindle
Flexor
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B Renshaw cell
oy

Descending

Renshaw cell pathways

3 la inhibitory
(interneuron)

interneuron

Motor
Neurons

Extensor
& muscle
Figure 35-5 Inhibitory spinal interneurons coordinate reflex actions.

B. Left: Renshaw cells are spinal interneurons that produce recurrent inhibition
of motor neurons. These interneurons are excited by collaterals from motor
neurons and inhibit those same motor neurons. This negative feedback system
regulates motor neuron excitability and stabilizes firing rates. Renshaw cells also
send collaterals to synergist motor neurons (not shown) and la inhibitory
interneurons that synapse on antagonist motor neurons. Thus, descending inputs
that modulate the excitability of the Renshaw cells adjust the excitability of all
the motor neurons around a joint.
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Figure 35-6

A. When the Golgi tendon organ is stretched (usually because of
contraction of the muscle). the Ib afferent axon is compressed by
collagen fibers (see inset) and its rate of firing increases.
(Adapted, with permission, from Schmidt 1983; inset adapted,
with permission, from Swett and Schoultz 1975.)
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7 — Muscle
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Figure 35-6

B. The discharge rate of a population of Golgi tendon organs
signals the force in a muscle. Linear regression lines show
the relationship between discharge rate and force for Golgi
tendon organs of the soleus muscle of the cat. (Adapted, with
permission, from Crago et al. 1982.)
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Figure 35-7 The reflex actions of Ib afferent fibers from Golgi tendon

organs.

A. The Ib inhibitory interneuron receives input from tendon organs, muscle
spindles (not shown), joint and cutaneous receptors, and descending pathways.
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QA B Reversal of action of Ib afferents

Resting

Ib afferent
\

Intracellular recording from
ankle extensor motor neuron

{I}inhibitgry
interneuron
To extensor
Figure 35-7 The reflex actions of Ib afferent muscle
fibers from Golgi tendon organs.
B. The action of Ib sensory fibers on extensor
motor neurons is reversed from inhibition to
excitation when walking is initiated. \When the
animal is resting, stimulation of Ib fibers from 1b afferent
the ankle extensor muscle inhibits ankle
extensor motor neurons through Ib inhibitory
interneurons, as shown by the hyperpolarization  Excitatory
in the record. During walking the Ib inhibitory interneuron
interneurons are inhibited while excitatory
interneurons that receive input from b sensory
fibers are facilitated by the command system for
walking, thus opening a Ib excitatory pathway T aibariace
from the Golgi tendon organs to motor neurons.  muscle

Locomotion

100 ms

Stimulate Ib afferents
at 200 Hz
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A
Afferent
Figure 35-8 The strength of a spinal reflex can be modulated by
Alpha changes in synaptic transmission in the reflex pathway.
motor A. A reflex pathway can be modified at three sites: alpha motor neurons
rauron (1), interneurons in polysynaptic pathways (2), and afferent axon
terminals (3). Transmitter release from the primary afferent fibers is
B regulated by presynaptic inhibition (see Figure 12-16).

B. An increase in tonic
(background) excitatory input to a
motor neuron depolarizes the neuron
to a level that enables an otherwise
ineffective reflex input (left) to

| Increase due nitiate action potentials. The reflex

I totonieinput jnnyt is represented by a series of

t i i j t i f f excitatory postsynaptic potentials.

Reflex input Reflex input (Vi threshold voltage; v,
membrane potential.)

Tonic excitatory input
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Figure 35- 9 Activation of gamma motor neurons during active muscle contraction maintains muscle spindle sensitivity to

muscle length. (Adapted, with permission, from Hunt and Kuffler 1951.)
A. Sustained tension elicits steady firing in the la sensory fiber from the muscle spindle (the two muscle fibers are shown

separately for illustration only).
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Figure 35- 9 Activation of gamma motor neurons during active muscle contraction maintains muscle spindle sensitivity to
muscle length. (Adapted, with permission, from Hunt and Kuffler 1951.)

B. A characteristic pause occurs in the discharge of the la fiber when the alpha motor neuron is stimulated, causing a brief
contraction of the muscle. The la fiber stops firing because the spindle is unloaded by the contraction.
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Figure 35- 9 Activation of gamma motor neurons during active muscle contraction maintains muscle spindle sensitivity to

muscle length. (Adapted, with permission, from Hunt and Kuffler 1951.)

C. Gamma motor neurons innervate the contractile polar regions of the intrafusal fibers of muscle spindles (see Figure 35-3A). If a
gamma motor neuron is stimulated at the same time as the alpha motor neuron, the spindle is not unloaded during the contraction.
As a result, the pause in discharge of the la sensory fiber that occurs when only the alpha motor neuron is stimulated is "filled in"

by the response of the fiber to stimulation of the gamma motor neuron.
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The task conditions under
which independent control of
alpha and gamma motor
neurons occurs in humans have

not yet been clearly
established.
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Figure 35- 10 The level of activity in the fusimotor system varies with the type of behavior.

Only static gamma motor neurons are active during activities in which muscle length changes slowly and predictably. Dynamic
gamma motor neurons are activated during behaviors in which muscle length may change rapidly and unpredictably. (Adapted,
with permission, from Prochazka et al. 1988.)
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Figure 35-11 Reflexes of the limbs are mediated by spinal reflex pathways and long-loop pathways that involve the motor

cortex. (Adapted, with permission, from Matthews 1991.)

A. In normal individuals a brief stretch of a thumb muscle produces a response that has two components. A short-latency response
(M1) in the stretched muscle is controlled by the spinal reflex pathway, the monosynaptic connection between muscle spindle
afferents and spinal motor neurons. This is followed by a long-latency response (M2) controlled by a pathway that loops through

the motor cortex.
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Figure 35-11 Reflexes of the limbs are mediated by spinal reflex pathways and long-loop pathways that involve the motor
cortex. (Adapted, with permission, from Matthews 1991.)

B. In individuals with Klippel-Feil syndrome the M2 response is evoked bilaterally because neurons in the motor cortex activate
motor neurons bilaterally.
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Figure 35-12 Alpha and gamma motor neurons are Spindle
coactivated during voluntary movements.

A. Co-activation of alpha and gamma motor neurons by a
cortical motor command allows feedback from muscle Y
spindles to reinforce activation in the alpha motor neurons. +:
Because any disturbance during a movement alters the
length of the muscle and changes the activity in the muscle
spindles, altering the spindle input to the alpha motor +

neuron compensates for the disturbance. Length

A+
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Figure 35-12 Alpha and gamma motor neurons are
coactivated during voluntary movements.

B. The discharge rate in the la sensory fiber of a spindle
increases during slow flexion of a finger. This increase
depends on alpha-gamma co-activation. If the gamma motor
neurons were not active, the spindle would slacken, and its
discharge rate would decrease as the muscle shortened (see
Figure 35-9C). (Adapted, with permission, from Vallbo
1981.)

B Spindle activity increases during muscle shortening
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Figure 35-13 The Hoffmann reflex.

A. The Hoffmann reflex (H-reflex) is evoked by

electrically stimulating la sensory fibers from muscle B

spindles in mixed nerves. The sensory fibers excite alpha M-wave H-reflex
motor neurons, which in turn activate the muscle. Muscle

activation is detected by the electromyogram (EMG).

B. At intermediate stimulus strengths motor axons in the
mixed nerve are excited in addition to the spindle afferents. . t
Excitation of the motor neurons produces an M-wave that Stimulus 10 ms

precedes the H-wave (H-reflex) in the EMG.
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Figure 35-13 The Hoffmann reflex.

C. At low stimulus strengths only an H-wave is produced because only the spindle afferents are excited. As the stimulus
strength increases, the magnitude of the H-reflex also increases, then declines, because the orthodromic motor signals generated
reflexively by the spindle afferents are cancelled by antidromic signals initiated by the electrical stimulus in the same motor
axons. At very high stimulus strengths only an M-wave is evoked. (Adapted, with permission, from Schieppati 1987)
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