Experimental Studies on the Spinal Cord Evoked
Potentials in Compression Injury of the Cervical
Spinal Cord
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Abbreviations : HRP, horseradish peroxidase ; Ncl, the first negative component of spinal
cord evoked potential ; Nc2, the second negative component of spinal cord evoked potential ;
NEP, nerve evoked potential ; Nrl, the first negative component of radial nerve evoked
potential ; Nr2, the second negative component of radial nerve evoked potential ; Pcl, the
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Fig. 1. Block diagram of the spinal cord monitor-
ing system.
1, Reference electrode; 2. Recording electrode
for ascending SEP; 3, Stimulating electrode for
ascending SEP; 4, Stimulating electrode for
radial NEP; 5, Recording electrode for radial
NEP ; 6, Reference electrode for radial NEP ; 7,
Ground electrode ; 8, DISA 1500 EMG system.
Ascending SEP, ascending spinal evoked poten-
tial by stimulation of the spinal cord at T8;
Radial NEP, radial nerve evoked potential by
stimulation of the spinal cord at C1-2.

first positive component of spinal cord evoked potential ; Prl, the first positive component of
radial nerve evoked potential ; Pr2, the second positive component of radial nerve evoked
potential ; SEP, spinal cord evoked potential ; TMB, tetramethylbenzidine.
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Fig.2. X-ray photograph and schema indicating compression
device and recording sites. Both stimulating and recording
electrodes were placed on the posterior midline epidural
space. R1, 1.0cm rostral to the compression site ; R3,
compression site ; R5, 1.0 cm caudal to the compression site.
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Fig.3. Photograph of the dual screw, A, outer

screw ; B, inner screw compressing the spinal Fig.4. Lateral roentogenogram of the cervical
cord. The pitches of the outer and inner screws spine equipped with a dual screw. A, the antero-
are 1.0 mm and 0.5 mm, respectively. The head posterior diameter of the spinal canal; B, the
of the inner screw is semi-spherical and the screw depth of the tip of the screw. Compression ratio

head is 3.0 mm in diameter. is expressed as B/A X 100(%).
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Fig.5. Distribution of motoneurons projecting to
the radial nerve. HRP was injected into the
deep branch of the radial nerve and the number
of labeled motoneurons was examined after 96
hrs in 9 experiments. Each column at a given
spinal cord level shows the percentage of labeled
motoneurons at the level observed in one experi-
ment.
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Fig. 6. Typical wave forms of evoked potentials.
Upper trace (I) shows the ascending SEP
recorded on the posterior midline epidural sur-
face. It is constituted by short latency responses
(Pcl, Ncl) and long latency responses (Nc2).
Lower trace (II) shows the radial NEP recorded
on deep branch of the radial nerve. It is consti-
tuted by short latency responses (Prl, Nrl) and
long latency responses (Pr2, Nr2). A, Stimula-
tion artifact ; potentials were recorded with the
negativity upward. For the amplitudes and
conduction velocities, see Table 1. Rectangular
pulse of 0.2 msec duration was used for stimula-
tion. Frequency, 20 Hz ; Bandpass filter, 10 Hz-
2000 Hz ; average, 64.

Table 1. Amplitudes and conduction velocities of each component of evoked potentials.

Component Ascendsing SEP Radial NEP
Pcl Necl Nc¢2 Prl Nrl (Pr2-)Nr2
Amplitude 153.7%21.2 130.2+18.5 42.5£6.8 64.7+11.3 94.8+25.7 26.0+6.8°
c.(\’z‘,v) (67.5+10.1°°)
(m/sec) 114.6+£10.3 88.8+7.5 43.6%6.4 72.6+3.3 62.3%+5.3 55.6%6.7

A scending SEP; ascending spinal cord evoked potential (n=30); Radial NEP, radial nerve evoked potential
recorded on deep branch of the radial nerve by stimulation of the spinal cord at Cl/2 (n=13);C.V., conduc-
tion velocity. Each value represents mean+SD. <, 20 Hz stimulation; o¢, 3 Hz stimulation.
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Fig.7. Changes in the ascending SEP at various compression degrees. For R1, R3
and R5, see Fig. 2 and 8.
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Fig.8. Changes in the amplitude of the ascending
SEP during graded ventral compression. RI (a),
1.0 cm rostral to the compression site; R3 (®),
compression site; R5 (0), 1.0 cm caudal to the

10
Depth of the tip of the screw

. . compression site. Each value represents meant
15 20 25 30 35 40mm S.D. n=28). *, p<0.05 by ANOVA followed by
Dunnett’s multiple comparison with control.
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Table 2. Changes in the amplitude and latency increases of the SEP Ncl and Pel component during graded ventral compression at the 5th or 7th

cervical vertebrae.

D.S. (mm) 0.5

1.0 1.5

2.0 2.5 3.0 3.5 4.0
Rl Nel Amp. (%) 95.817.7  100.0%16.3  99.2%+18.1 9914305 86.7t34.1  73.2%35.6° 62.1%35.0° 15.3%32.4°
LL(10%sec) | 0.80.7 2.4% 2.0 4.3%2.0 6.42.5 9.0%£2.0 13.0%2.0  19.0%9.0 -
Pc1 Amp. (%) | 100.8t5.2 996+ 6.2  99.147.9  99.8F10.8  99.0%12.4  95.8+13.2  89.4%17.9° 60.3%18.5°%
LL (0% sec) | 0.800.7 2.0% 1.4 38124 5.4%3.6 5.8+2.9 9.7£6.0  10.0%5.8  12.4%7.9
“RY Nel Amp. (%) 99.758.3  99.1%14.5  96.6£17.3 87.9€27.1  76.2%28.1° 53.7524.7° 14.8225.8°  3.3£6.7°
LL (105 sec) 0.940.6 2.0+ 0.8 3.3t1.5 4.9%2.0 8.042.0  10.0¥3.0  14.0%7.6 -
Pe 1 Amp. (%) | 95.6t8.6 936502  @.5+11.Y  98.3t11.3  99.0%13.4 103.8%14.1 106.3418.6 108.020.3
L.L (10 7 sec) 1009 2.0%2.0 3.312.5 4.6X4.0  5.8+3.0  8.0+4.0  12.045.5  12.5%6.7
R5 Nel Amp | (%) 038554 108.6%6.7 1123294 117.9%18.9  124.3%25.0° 127.8224.5° 130.8432.1° 133.6+33.2°
L.L (105 sec) 1.020.5 2.422.0 3.0t2.0 . 3.7il}.3 . 11_:;‘{;3:»4/_7 5.8%3.5 7.614.4 9.5%£5.2
Pel  Amp. (%) C98.076.1  97.9€4.9  97.4%8.3  07.6413.2  97.9T13.7 100.1T18.6 105.1219.0 106.8420.7
o LL (10 5 sec) 1.3+1.0 1.242.0 2.972.0  3.0%29  3.0%17 3.8%2.0 1.642.0 52421

R, recorded at 1.0 cm rostral to the compression site ; R3, recorded at the compression site; RS, recorded at 1.0 cm caudal site. Amp., amplitude
as percentage of the control value. L.I, latency increase from the control value. D.S., depth of screw inserted. Each value represents mean + S.D.
(n=28). *, p<0.05 by ANOVA followed by Dunett's multiple comparison with control.

Table 3. The compression ratios in three groups classified depending upon amplitude
decrease ratios of Ncl component of the ascening SEP.

Group Amplitude decrease ratio (%) Compression ratio (%)

A 0~30 10.7~55.6
(n=12) (27.1+14.1)

B 30~50 20.8~59.5
(n=10) (36.5+11.6)

C 50~100 24.3~63.5*
(n=10) (41.8+12.5)

The value in () represents mean+S.D. * p<0.05 compared to group A by Tukey’s ¢-test.
Refer to Fig. 4 for calculation of the compression ratio.
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Fig.9. Changes in the amplitude of the ascending
SEP after removal of the inner screw. A’ group
whose amplitude decrease of Ncl component was
within 309% of precompression control value (n=
5); B” and C, groups whose amplitude decrease
was in 30-50% (n=6) and more than 50% (n=5).
o, 1.0 cm rostral site; ®, compression site; O,
1.0 cm caudal site.  *, p<0.05 vs. control value by
Student’s #-test.
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Fig.10. Changes in the ascending SEP after removal of the inner screw in group B'.

Table 4. Changes in the amplitude of Pc 1 and Nc 1 components of the ascending SEP in three
groups classified by the amplitude decrease after removal of the inner screw.

Amplitude (%) of control value)

Group eleﬁ‘;gﬁ Be:(}’{e I;r}?;‘sd‘gg"y 30 min 60 min 90 min 120 min

RI | Pcl [105.3£7.0 | 101.8+10.3| 99.349.1 | 101.0+10.6| 99.0£8.2 | 95.8+10.1

Group A Nel | 126.8%20.6 | 115.3+13.8 | 118.3%426.4 | 119.5%18.5 | 119.3+26.9 | 110.3+23.5
s Pcl | 96.8+10.9| 99.8%11.7 | 94.3+11.8| 98.0+2.2 | 93.0£10.2| 93.818.8

Nel | 79.04£9.9 | 94.5%10.1| 97.8+8.8 | 97.3%19.2 97.8+17.4| 95.5+15.7

R5 | Pcl [100.0+6.1 | 98.5+3.7 | 97.0412.2| 92.5%11.4| 95.5+12.2| 92.5+12.9

Nel | 108.3£17.0 | 109.8+15.6 1 106.0+17.6 | 107.0+21.2 | 102.3+17.6 | 102.3416.1

RI | Pel [ 112.0422.7 | 115.3426.1 | 121.3424.6 | 118.8+26.8 | 117.8526.0 | 119.5+25.3

Nel | 96.3+18.4 | 103.0124.0 | 103.3433.8 | 100.8+31.7 | 102.5+32.8 | 102.5+32.8

Group B' R3 [Pl [ 110.3+18.8 | 110.8422.1 | 107.8£16.5 | 109.8%15.1] 107.5+19.2 | 105.5 + 18.5
n=6) Nel'| 62.5+9.9 | 68.5129.7 | 88.3422.3| 85.5+19.5| 87.3420.6 | 89.5+24.5

R5 | Pel | 110.0£14.2 | 103.8423.0 | 107.3+20.6 | 109.8 £19.2 | 111.5£20.0 | 110.8+20.8

- Nel | 135.0548.1 | 134.3438.2 [ 133.8%424.6 | 131.0+30.7 | 133.3427.9 | 131.0%26.4*
© RL | Pel | 80.0+21.8| 85.5%24.7| 90.0+16.8| 82.3+26.5| 81.5517.5| 81.0420.5

Nel | 56.0435.0 | 57.5+38.5| 73.8+35.4| 57.5427.1| 64.5%27.9 61.8+26.1

Group € R3 [ Pcl [108.0% 11.2 | 114.049.0 | 95.8+14.3| 83.524.5, 84.3+30.9] 85.0+35.7
(n=5) | Nel| 19.3+12.9 | 19.3428.5| 47.5+33.7| 46.8%25.2| 37.3+15.8 | 31.8+11.3*

R5 | Pcl [101.3£11.9| 95.3+5.9 | 86.5+17.9| 83.3132.0| 79.8+32.4| 73.0+25.9

o | Nel | 123.0429.1 | 123.5+19.2 | 99.3+19.2 | 85.3%29.9| 82.5%£20.4| 89.0£38.7

Each value represents mean+ S.D.

. , p<<0.05 vs. control value by Student’s ttest; S.R., screw removal.
Group A', B, C refer to Fig. 9.



696

Fig. 11.

o

f‘;;_

Cross sectional histology at the compres-
sion site.
A, group A ; B, group B; C, group C.
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Table 5. Effects of cutting dorsal roots on the radial NEP.

Cutting levels peak-to-peak amp. (Pri-Nrl) (%) peak-to-peak amp. (Pr2-Nr2) (%)
of nerve roots 20 Hz 3 Hz 20 Hz 3 Hz
control 100 100 100 100
C4 99.0+8.5 93.71+6.8 91.5+12.0 93.5+14.8
C5 99.7+8.9 94.5+6.3 72.8+ 4.8 85.8+14.1
Cé6 56.2+8.8 48.716.4 63.2+23.0 71.0%24.5
C7 15.7+3.1 14.2+3.1 57.2+43.2 61.2+30.2
C8 3.3+5.8 3.3+£5.8 57.5+13.4 76.0+18.4
T1 3.3%5.8 3.0£5.2 57.5+13.4 63.5% 0.7

Each value represents mean+S.D. (n=6); amp., amplitude.
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Fig.12. Effect of cutting cervical dorsal roots on the radial NEP. Left, in 20 Hz
stimulation ; right, in 3 Hz stimulation. Refer to Table 5.
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Fig.13. Effect of cutting ventral roots on the radial NEP after cutting dorsal roots.
Left, in 20 Hz stimulation ; right, in 3 Hz stimulation. Refer to Table 6.
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Table 6. Effects of cutting ventral roots on the radial NEP after cutting dorsal roots

Cutting levels of peak-to-peak amp. (Pr2-Nr2) (%)
nerve roots 20 Hz 3 Hz
control 100 100

Tl 91.0+8.3 95.6E9.6
(0F] 85.2:£9.6 78.3E7.0
C7 78.3+6.5 T1.7+5.7
Cé 9.3+4.2 15.2+15.4
C5 1.0+0.7 1.0£0.7

Each value represents mean=S.D. (n=6) ; amp., amplitude.

Table 7. Differences between C5 and C7 (_ompressnon in the changes of amplitudes and peak latency increases of the radial
NEPs during graded ventral compression

D.S. (mm) 0.5 1.0 1.5 2.0 2.5 3.0

C5 comp. Nr 1 Amp. (%) | 99.8+11.7 04.1£23.0  86.8+33.1 83.4%31.4  75.4+13.9  52.5%32.0° 40.1+30.4°
L.L (msec) | 0.03+0.02  0.06£0.04  0.08£0.06  0.089+0.07  0.1340.09  0.2120.11  0.25£0.13
(n=8) Pr1Amp. (%) | 96.3+20.8  86.0%28.0  80.9%36.7  72.4+28.8  64.9%12.1*% 47.1%27.4* 350, +27.5°
L.L (msec) | 0.02+0.01  0.04£0.03  0.06:0.04  0.07+0.05  0.10%0.07  0.1620.08  0.2020.10
Nr2-Pr2  Amp. (% 96.5%20.4 85.2%25.3 72.3435.2  64.5%26.4° 37.8+21.3° 13.519.4" 5..3%7.4°
TCTcomp. Nrl Amp. (%) | 97.4t4.9  100.6%6.3  98.258.7  93.6€3.8  O1.65.7  89.046.8° A7.845.6°
LI (msec) | 0.01£0.01  0.02%£0.01  0.0220.02  0.04£0.03  0.05£0.03  0.0670.04  0.0710.05
(n=5) Prl Amp. (%) | 98.0%5.7 98.6+7.3 95.2%8.4 93.4%6.5 94.4+13.4  90.6t6.8 90.5+ 4.2
LI (msec) | 0.02£0.01  0.02£0.01  0.0250.02  0.03+£0.03  0.04£0.03  0.05¥0.04  0.0520.04
Nr2-Prz Amp. (%) | 96.7+22.4 86.3%22.5 86.7*16.8 81.4%23.0 80.2+16.3  80.5£15.7  72.4+14.7

D.S., depth of screw; comp., compression; Amp., % amplitude of control value; L.L, latency increase from control value.
Eech value represents mean+S.D. * p<0.05 by ANOVA followed by Dunnett’s multiple comparison with contral.
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Fig.15. Correlation between peak-to-peak amplitude of the radial NEP and the
amplitude decrease in the ascending SEP (Ncl component) in C5 compression and
C7 compression. Upper left, relation of the amplitude decrease in the ascending
SEP (Ncl component) to the first component of the radial NEP (Prl-Nrl) in C5
compression ; upper right, relation to the second component of the radial NEP (Pr2-
Nr2) in C5 compression ; lower left, relation to the first component of the radial
NEP (Pr1-Nrl) in C7 compression ; lower right, relation to the second component of
the radial NEP (Pr2-Nr2) in C7 compression. High correlationship was observed
between both components only at C5 compression. Regression line (upper left), Y=
111.9-1.09X ; correlation coefficient (upper left), r= —0.701 (p<0.05); regression
line (upper right), Y =111.3—1.89X ; correlation coefficient (upper right), r= —0.726
(p<0.05).
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Fig.16. Changes in the ascending SEP and the
radial NEP during graded ventral compression at
C5. 1, ascending SEP ; II, radial NEP.
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Abstract

In order to evaluate possible damage to the spinal cord and the reversibility of spinal
functioning after a mechanical compression of the spinal cord, waveform changes and their
recovery processes were studied by recording of the spinal cord evoked potential (SEP)
betore, during and after graded compression of the cat spinal cord. During ventral
compression of the cervical spinal cord at the S5th or the 7th cervical vertebrae, the SEP
was recorded in response to single electric shocks to the 8th thoracic spinal cord level (asc-
ending SEP). Upon the series of graded compression, the most marked and significant
changes were observed in the first negative component (Ncl) of the ascending SEP. During
the graded compression, the Ncl component at the compression site was decreased in the
amplitude earliest, and finally disappeared. In contrast, at the caudal site the amplitude of
Ncl component was increased markedly during application of the same graded
compression. At the rostral site, the amplitude of Ncl component was decreased following
the changes at the compression and caudal sites. The magnitude of injury was classified
into 3 groups according to the amplitude decrement of Ncl component: The first group
showing decrement less than 30% of the precompression control value, the second showing
30—50% and the third, more than 50%. After release of compression, the SEPs showed no
recovery in the group whose amplitude decrement was more than 50%. Taken together, it
is concluded that the most appropriate site for recording of the asscending SEPs is the
compression site, that the amplitude decrement of Ncl component of the ascending SEPs is
the best indicator for spinal function monitoring, and that an amplitude decrement of Ncl
component to 50% is the absolute critical point of the SEP reversibility. The radial
nerve-evoked potential (radial NEP), induced by single electric shocks to the Cl/2 spinal
cord level, was constituted of two components, Nrl and Nr2. A significant correlation
was observed between amplitude decrements of the ascending SEP (Ncl component) and of
the radial NEP (Nrl and Nr2 components), when the compression was applied to the
spinal cord at the level of C5 vertebra, whereas no correlation was observed between them
when the compression was given at the C7 vertebra. It is concluded that for spinal surgery
the most reliable monitoring technique is to record the ascending SEPs at the injury site
and that the peripheral nerve dvoked potential is also useful when an appropriate nerve is
selected for recording.



