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MR No. 21, 1993

Assessment of Stimulated Single — Fiber

Electromyography in Paralytic Muscles of Patients with

Spinal Cord Injury

Chein-Wei Chang and |-Nan Lien

Neuronal dropout accompanied with axonal degeneration may occur below the level of

cord lesion after spinal cord injury (SCI). By using a sensitive electrodiagnostic method of

stimulated single fiber electromyography (SFEMG), it is possible to assess the functional in-

tegrity of neuromuscular transmission in paralytic muscles of SCI. Neuromuscular jitter and

fiber density were measured in 21 anterior tibial muscles of 18 patients with SCI and 11

muscles in 11 normal controls. The results showed an increased mean jitter value but without

increased fiber density in SCI patients. There is a positive correlation between the increased

jitter and the disease duration from the onset of cord lesion to the time of SFEMG test. This

provides an electrophysiological evidence of axonal degeneration and dysfunction of neuromus-

cular transmission below the level of cord lesion in S8CI. Also the neural degeneration may

become prominent in the later course of the disease.

Key words: Stimulated single fiber electromyography, jitter, fiber density, spinal cord injury

NTRODUCTION

Degeneration of motor neurons occurring in the
spinal cord following upper level of cord injury has
been approved anatomically [1,2} and electrophysi-
ologically [3-6]. Denervation of the peripheral nerve
leading to unstable neuromuscular transmission was
recognized while chronic ongoing changes in neu-
rologic examinations as patients progressed from
spinal shock to the spastic phase in spinal cord ini-
ury (SCI).

The measurement of neuromuscular jitter by

single fiber electromyography (SFEMG) is a sensi-

tive clinical method to assess the functional integ-
rity of neurological function of anterior horn cells
caudal to the lesion site and signify the degrada-
tion of the neuwromuscular function in spinal cord
lesion. The originally described SFEMG is based
on recording from muscle fibers of voluntarily ac-
tivated motor units [1}. This however, is not al-
ways practical, for example in unco-operative or
unconscious patients, young children and even in
severely paretic muscles, whether there is an upper
motor neuron lesion or weakness due to some pe-
ripheral pathology. Electrical stimulation of motor

axons has been suggested for such cases and re-
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cently become increasingly used as an alternative
way of activation [8-11].

The present study was undertaken by stimulated
SFEMG to assess the integrity of the neuromuscu-

lar function of the paralytic muscles in patients with
SCI.

SUBJECTS AND METHODS

Eighteen patients with SCI between neurologi-
cal level at C6 and Tl participated in this study.
Their age were between 19 and 44 years, mean 30.5
years. There were 13 males and 5 females, all in
good health and without evidence of past history
of a neurological disease. The duration from onset
of the cord injury to the SFEMG examination was
2 to 28 months.

According to Frankel's classification for neuro-
logical function in SCI [12],12 patients were cate-
gorized as scale A with complete loss of both mo-
tor and sensory functions below the segmental level
involved. Three patients were categorized as scale
B with some sensation present below the level of
the lesion, but the motor paralysis was complete at
that level. The other 3 patients were scale C with
some muscle power present below the lesion, but it
was of no practical use to the patient.

Stimulated SFEMG was performed in the ante-
rior tibial muscle of the patients and 11 age-matched
normal persons (mean age, 28.1 years). A teflon
coated monopolar needle electrode with a bared tip
of 1 mm was inserted into the motor point of the
muscle, while 2 SFEMG needle elecirode was in-
serted 2 to 2.5 cm distal to the stimulating elec-
trode. A surface electrode with 1 c¢m diameter of
stlver plate was placed 2 cm proximally for refer-
ence. It was advanced slowly to locate the stimu-
lated fibers by observing sharp potentials with a
rise time fess than 300 ps and an amplitude greater
than 200 pV. The stimulus frequency was raised
from 5 to 10 Hz and the intensity was adjusted to
about 10 to 30 V above the threshold for the stud-

ied motor unit. Skin temperature measured at knee

2

was between 32° and 35°C,

The recording equipment was a Medelec MS60
electromyograph. The filters were set to 500 Hz
for the high pass and 16 KHz for the low pass fil-
ter. The mean consecutive difference (MCD) was
calculated as the mean of the absolute differences
of more than 50 consecutive interpotential intervals
between stimuli and single-fiber potentials. The
resolution of time measurement is 0.1 ps. We use
an MCD limit of 5 us to identify low jitter which
may suffice to recognize direct muscle fiber stimu-
lation and do not rely on visual impression, nor on
the size of jitter at threshold stimulaton.

Fiber density was measured as the mean value
of the number of spiky components in the single-

fiber action potentials recorded at more than 10 sites.

" 'RESULTS

On supraliminal stimulaton, the mean MCD
obtained from 21 anterior tibial muscles in 18 SCI
patients was 36.4+15.5 (mean + SD) its. This is
significantly higher than the result of 24.2+8.4 is
obtained from 11 anterior tibial muscles in 11 nor-
mal controls (t-test. p<0.05). The fiber density of
3.020.4 (mean * SD) measured from anterior tibial
muscles in SCI patients was not different to the
findings of 2.6£0.3 obtained in normal controls
(p=0.1).

In patients with SCI, mean MCD value was
positively correlated to the disease duration from
the onest of iniury to the stimulated SFEMG test.
The linear correlation was shown in Figure 1 (r=0.57,
d.f. = 19, p<0.01}. The mean MCD values in dif-
ferent groups as presented by the scale of Frankel’s
functional classification were shown in Table 1.
There is no significant difference of mean MCD
among these three groups of SCI patients (one-way
ANOVA, p>0.1).

The assessment of SFEMG with measurement
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Fig. 1. The positive correlation between MCD (mean consecutive difference) and disease duration from
cord injury to the time of test in 21 paralytic anterior tibial muscles of 18 patients with spinal cord

injury. (r=0.57, d.f. =19, p<0.01).

Table 1. The mean consecutive difference (MCD) values (mean * SD) obtained in 18
patients with different scales of Frankel's classiffcation for spinal cord injury.

Frankel’s scale [12] A B C
Number of patient 12 3 3
MCD 32.1+19.3 38.4114.9 35.3%11.7

of neuromuscular jitter is a sensitive clinical method
to assess the functional integrity of neeromuscular
transmission [7]. Usually the jitter is measured be-
tween action potentials of two muscle fibers of the
same motor units firing in voluntarily activated
muscle. The magnitude of jitter is correlated to the
safety factor of neuromuscular transmission [7,13].
Stimulated SFEMG with electrical stimulation of
intramuscular axons has been recognized as a prac-
ticable method of studying the motor end-plate jit-
ter with the following advantages: 1) the stimula-
tion rate can be controlled, 2) it is applicable in

severely paralytic muscles, 3) there is little need

for patient cooperaton, 4) it is easy to stimulate
the selected axon with a low stimulation intensity,
and, 5) it may also be useful in animal studies.

The jitter in muscle fibers measured in our nor-
mal controlled group is lower than the published
normal material by voluntary activity [9]. The ex-
pected jitter on axonal stimulaton should thus be
mean MCD obtained by voluntary activity divided
by v 2 [91. This result was possibly related to the
differences of electrical threshold of the individual
axons for their respective order of recruitment in
the elicited response. The findings are also com-

patible with our results in control groups by using



stimulated SFEMG and normal data obtained by
volitional SFEMG [7]. Voluntary contraction pref-
erentially activates low threshold small motor units,
while electrical stimulation most likely activates
both small and large motor axons.

In the previously electrophysiclogical and ana-
tomical studies of SCI, Rosen and his colleagues
[3] have found positive sharp waves and fibrilla-
tion potentials in 6 of 7 patients studied during spi-
nal shock, which largely resolved after the spastic
phase developed. These findings suggested that drop-
out of anterior horn cell occurred when spinal shock
resolved. Aisen et al [6] used a serial EMG studies
on paraspinal muscles and lower extremities in 8
young patients commencing 2 to 9 weeks after acute
cervical cord injury and found a strong evidence of
trans-synaptic distal end dysfunction following SCL
Van Alphen and his colleagues [1] found anterior
horn cells loss well below the site of cord injury at
posimortem in 3 quadriplegic patients. Brown et al
[2] demonstrated that hemisection of the macaque
spinal cord in the thoracic region resulted in a 20%
loss of anterior horn cells in the lumbosacral cord.
These findings indicate that anterior horn cell de-
generation may progress after SCI.

In stimulated SFEMG findings, the increased
jitter in patients with SCI may signify evolving the
unstability of neuromuscular transmission. These
findings may correlate to the dropout of motor neu-
rons and their proceeding collateral reinnervation.
It rises the possibility that distant neuronal degen-
eration may occur in upper motor neuron lesion as
it provides evidence of reinnervation and reorgani-
zation of motor unit during the chronic phase of
SCI. The positive correlation between jitter and the
disease duration after onset of injury in our study
may strongly reflect a prominent evidence of drop-
out motor neurons with axonal neuropathy in the
later course of the disease. Although the long-term
follow-up study has not done. the degradation of
nerve may persist for several years and then lead

to a progressive fade-out of the neuron and the dis-

tal nerves.

The fiber density obtained in anterior tibial
muscles from SCI patients is somewhat higher than
the normal controls, but there is no difference sta-
tistically. This is possibly related to a small num-
ber of the data base, or its obtaining value is Hm-
ited in differentiation by supraliminal stimulation
with near-threshold stimulation of other axons. The
reinnervation process was expected to be less in
SCI with some groups of motor neuron degenera-
tion.

To summarise, the stimulated SFEMG by ax-
onal stimulation is a valuable and convenient method
to study neuromuscular tranmission and apply in
paralytic muscles of SCI patients. The increased
mean jitter value suggested an evolving motor neu-
ron degeneration as its providing evidence of rein-
nervation and reorganizaton of the motor unit dur-
ing the chronic phase of SCI. Also, the increasing
jitter is good correspondence to the longer duration
of the disease. This suggests a degradation of neu-
romuscular transmission may progress in the later

course of SCIL.
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