Experimental Studies on the Spinal Cord Evoked
Potentials in the Cervical Spine Distraction Injury
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Abbreviations: ANOVA, analysis of variance ; SCBF, splnal cord blood flow ; SEP, spinal

cord evoked potential .
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Fig. 1. Schematic layout of the distraction device.
Distraction was applied to the platform moving
downward at a speed of 0.1mm/sec. (1) Recorder,
(2) strain-gage, (3) holder, (4) pulley, (5) wheeles,
(6) platform, (7) adult cats weighing 3.0 to 4.0 kg.
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Fig.2. Radiographs of the cervical vertebrae with
the distraction device and a photograph of the
distraction device. Upper, C4-5 distraction;
middle, C6-7 distraction ; lower, a photograph of
the distraction device.
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Fig. 3. Block diagram of the spinal cord monitor-
ing system. For the ascending spinal cord evoked
potential (ascending SEP), a recording electrode
was placed on the posterior midline epidural
space of the cervical spine and a stimulating
electrode was placed on the posterior midline
epidural space of the 12th thoracic vertebra. For
the radial spinal cord evoked potential (radial
SEP), a recording electrode was placed on the
same site as for the ascending SEP while a
stimulating electrode was placed on the super-
ficial branch of the radial nerve at the right
elbow. (1) Preamplifier, (2) averager, (3) X-Y
plotter, (4) stimulator for radial SEP, (5)
stimulator for ascending SEP, (6) ground
electrode, (7) reference electrode, (8) distraction
device.
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Fig. 4. Tensile forces of the spinal cord caused by stepwise distraction. The

abscissa represents time and the ordinate represents tensile forces of the
spinal cord. Two adjacent cervical vertebrae were distracted at a speed of
0.1 mm/sec for 14 seconds every three minutes. (A): C6-7 distraction,
distraction between the 6th and the 7th cervical vertebrae. (B): C4-5
distraction, distraction between the 4th and the 5th cervical vertebrae. The
arrow indicates stress relaxation.

Table 1. Tensile forces of the cervical spinal cord at stepwise distraction between the two adjacent cervical vertebrae

DD. (mm) 1.4 2.8 4.8 5.6 7.0 8.4 9.8
- R —
=t 43.8%4.5  90.0+10.8 137.5%23.3 202.5%38.8 280.0445.6 376.0+67.0 485.0£78.4
-7 n=4) 78.8413.1 156.5%27.5 254.8+£38.4 373.0458.2 510.0489.0 692.0%121.8 897.0%143.0

distraction (gf)

D.D, distraction distance; gf, gram-force; C4—5 distraction, distraction between the 4th and the 5th cervical vertebrae; C6—
7 distraction, distraction between the 6th and 7th cervical vertebrae. Values are expressed in mean+S.D.
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Fig.5. Spinal cord deformation caused by distraction between the two adjacent

cervical vertebrae. Left: C4-5 distraction ; C4, the 4th cervical vertebra ; C5, the

Sth cervical vertebra.

The distraction distance was 18.2 mm.

Right: C6-7

distraction ; C6, the 6th vertebra ; C7, the 7th cervical vertebra : R, the 7th cervical
nerve root. The distraction distance was 21.0 mm.

1 100 pv 2

20 v 3 50 pv
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1ms + L ms +
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Nal - Nr1 Ne2 -
A Na2 - /\ tr1 Nr ~ L .
L AT,
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Fig.6. Typical wave forms of the spinal cord evoked potentials recorded from the
posterior midline epidural space of the cervical spine. (1) Ascending SEP, (2) radial
SEP recorded at the level of C4-5, (3) radial SEP recorded at the level of C6-7. In
evaluation of the ascending SEP, the peak amplitude of Pal component and Nal

component from the baseline was measured respectively.

Radial SEP was

evaluated with peak-to-peak amplitude from Prl to Nrl. The initial deflection of
each trace was an artifact following the electrical stimulation (4). All traces show

upward negative.
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Table 2. Conduction velocities and amplitudes of spinal cord evoked potentials

1) Ascending SEP

éomponent Pal Nal Na2
Condunction ./ 114.6%10.3 88.8+7.5 43.6+6.4
velocity
Amplitude (uV) 130.2£18.5 153.7%£21.2 42.5%+6.8

Values are expressed in mean+S.D. (n=30).

2) Radial SEP

C4—5 (n=20) C6—7 (n—=10)
Component Prl Nrl Nr2 Prl Nrl Nr2
S;‘ffgi@“‘m (m/s) 87.7£6.9 72.4%4.1 54.7+6.9 86.6+10.9 72.111.0 56.0%7.6
Pri-to-Nrl 42.8%7.6 111.329.8
peak-to-peak amplitude (4V) fem b s
Values are expressed in mean+ S.D.
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= 7.0 N e S e
§ Vo / ' B . . ’(‘.\ \‘J/‘ N
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E \ . B A\ - ;’\\ ~
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Fig. 7. Changes of the ascending SEP during stepwise distraction between the two
adjacent cervical vertebrae. Recording electrodes were placed on the posterior
midline epidural space at the level of the rostral, central and caudal sites,
respectively. Central site, the central site of the two adjacent cervical vertebrae
distracted ; rostral site, 10 mm rostral to the central site ; caudal site, 10 mm caudal
to the central site. Uppermost traces (control) show. responses with no distraction
in this figure and Fig. 10.
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Fig.8. Changes in the amplitude of ascending SEP
components of Pal and Nal (as percentage of the

(n=10).
1) E3|hoBFHmmiEOZEL
5T DWTES 22 % LMFRIIERKAE

predistract in control values). The % amplitude
was plotted during stepwise distraction recorded
at the rostral site, the central site and the caudal
site. Each value with the vertical bar represents
the mean+S.D. (n=10).

BE L THEOEWSETL, 5@ (7.0 mm)ZE3 |k
WIKHE TIi$26.2+3.4ml/min/100 ml, 98 T
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Table 3. Changes of the amplitudes of the ascending SEP components of Pal and Nal during stepwise distraction between the two adjacent cervical
vertebrae

1.4 2.8 1.2 5.6 7.0 9.8
Nal (xV) 146.5+14.5 145.6 12 J 142.4%11.3 146.4t16.6 145.5111.7 123.349. & 44,1140
Rostral (100%) (99.6 +4.4) (97.5+5.9 (100, 128.7) (99.7 +8.4) (84.718.5) (33,6 9.0
site Pal (xV) 125.1£12.2 123 5 126,12 16.7 126.2418.7y  123.2+16. 1.5 1 13.8°
(100%) (98 (99.0£7.8) (98.7£7.1) (97.0£11.8 (34,30 7.4
Nal (xV) 149.9114.5 149.0 +11.0 14962 12.4 146,85 14,2 126.0 1 18.6* 96.2120.3° yoa 11
Central (100%) ($9.746.1)  (100.1%6.0) (98.2+8.5) (84.1110.D  (64.1¢11.5) (6.8 .0
site Pal (uV) 127.7412.6 130.3:£18.6 122.6+14.2 125.0%8.9) 105,82 18.6° 28,0 1
(100%) (99.4%6.1)  (95.0%7.5) (98.3£7.8) (82.8712.6) ) (22.219.6)
. Nal (uV) 154.4%14.9 150.013.7  156.0216.2 154.8217.1 158.9:¢20.4 1£27.9 125.4
Caudal (100%) (99.9%5.3)  (101.1+5.4)  (100.3+7.1) (1027 £6.5) *11.5) (80.%
site Pal (uV) 129.9%12.9 128.9413.8 129.4+13.4 127.2+14.8 131.4£18.8 137.4 17,9 103,67 17.6°
(100%) (99.3%5.1) (99.8+5.9) (98.0%6.7)  (100.8£7.0)  (105.8£8.8) (79.6 79.9

DD, dlslractmn dlstdnce Values are expressed in mean*S D. (n= lU) ( %) percentage of predistraction control \alues,
p<0(15 vs contral value by ANOVA followed by Dunnett's multiple comparison with control.
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Fig.9. Changes of the ascending SEP components Graham®»3 5 0 B EEHRIEAR 5 3 U T BBE T 8t

of Pal and Nal (as percentage of the predistrac- e e
tion control values) after distraction release in HECHEY L - FREEEM (cord dorsum poten-

groups with various decrease of control values. tials) iZ# % D, 1951 % Magladery 5 Bk #0I1C f¥
0-29% decrease, group with 0-29% decrease of BHE LRI, FHENCERELREL L, 1971 &
control amplitude (n=5); 30-49% decrease, Shimoji & i3 EHIINERE & v, MR % K
group with 30-49% decrease of control amplitude _ ) e » .
(n=5); more than 50% decrease, group with LTZORFEHECRSNLAEMBREMEZ LY
more than 509 decrease of control amplitude BRRAIOMET TaR s N5 BUFREM L 2WE L 12,
(n=5). Each value with the vertical bar re- FOBRBFTFHNEEBD ZOABF~QEHEICLD,

presents the mean +5.D. BE LA N3 X5k, HHRRR

Table 4. Changes in the amplitudes of the ascending SEP components of Pal and Nal after distraction release in groups with various
decrease of predistraction control values; 0~ 29% decrease, 30 —49% decrease and more than 509 decrease.

Before Immedeately 30 min 60 min 90 min 120 min
release after release after release after release after release after release
0299 decrease Nal(%) 31.(;7’16.4 129.81£28.4 128.6i21‘.70 113.6£18.9 104.0£7.2 102.8+6.4
J\:E) Pal (%) 79.819.8 124.0+24.7 123.0*+15.7 109.8£22.0 101.4%+10.6 100.4+9.8
30-49% decrease  Nal (%) 63.8+4.9 90.4%12.5  95.4%18.7  77.4%23.4  57.2¥21.9  36.8%¥22.6
(n=5) Pal (%) 65.016.4 93.4%17.9 97.4+21.7 80.6%20.5 61.0+16.3 39.8%+23.0
crlneocll'-(zaf.;lear1 50% Nal (%) 29.2+16.5 48.2120.4 47.6122.4 36.0%21.6 13.4+12.8 6.418.8
) (n=5) Pal (%) 33.6%13.3 49.6116.8 47.8*18.7 37.0£18.9 17.4%£16.0 9.6+11.3

Amplitude are evaluted as percentage of predistraction control values, and expressed in mean=+S.D.
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Fig.10. Changes of the radial SEP during stepwise distraction between the two
adjacent cervical vertebrae. Recording electrode was placed on the posterior
midline epidural space at the level of the central site of the distraction. Left, C4-
5 distraction ; right, C6-7 distraction. All traces show upward negative.
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Fig.11. Changes in the amplitude of the radial (% of control)

SEP (Prl-to-Nrl, peak-to-peak amplitude, as

percentage of the predistraction control values)
during distraction between the 4th and the 5th
(n=5), or the 6th and the 7th cervical vertebrae
(n=5): ®—e, C4-5 distraction; 0—0, C6.7
distraction. Each value with the vertical bar
represents the mean+S.D,

Fig. 12. Correlation and regression between ampli-
tudes of the ascending SEP Nal component and
the radial SEP during C4-5 stepwise distraction.
The amplitude was evaluated as percentage of
predistraction control values. Regression line,
Y=0.897X+2.910; r=0.9501 (p<0.001).
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Fig. 13. Correlation and regression between ampli-
tudes of the ascending SEP Nal component and
radial SEP during C6-7 stepwise distraction. The
amplitude was evaluated as percentage of
predistraction control values. The correlation-
ship was insignificant.
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Fig.14. Changes of the spinal cord blood flow
(SCBF) caused by C4-5 stepwise distraction. The
recording electrodes were inserted into the gray
matter or the white matter of the spinal cord at
the central site of C4-5: @ —@, gray matter (n=
5); 0—O0, white matter (n=5). Each value with
the vertical bar represents the mean+S.D.

Table 5. Changes of the amplitude of the radial SEP during stepwise distraction between the two adjacent cervical

vertebrae, C4 -5 or C6—7 distraction.

5.6 7.0 8.4 9.8

D.D. (mm) Control 1.4 2.8 4::
C4-5 12.225.14V 42,0250 41.0x5.8 40.4£5.7 35.2%8.1 22.8+7.0° 17.6+7.1° 3.6+5.0°
distraction
(100%) (99.8x4.3) (97.6+5.9) (95.67.0) (82.4112.6) (53.6%9.7) {40.4x12.5) (7.6%£10.3)
Cb-7 N1.2511.94V 111.8213.2 110.019.0 110.0+15.2 111.8%11.8 112.4%710.9 110.8+20.0 90.0%£19.5
distraction
(n=3) (100%) (100.4%4.2) (98.6+3.8) (98.6+4.0) (100.6%4.2) (101.2£4.3) (99.0£7.8) (80.2%11.0)
DD, istraction distance. Values are expressed in mean £ S.D. (%), percentage of predistraction control values.
'p<0.05 vs control value by ANOVA followed by Dunnett's multiple comparison with control.
Table 6. Changes of the SCBF during stepwise C4—5 distraction.
D.D. (mm) Control 1.4 2.8 4.2 5.6 7.0 8.4 9.8
Gray 44.814.1 44.5%4.6 44.1%4.2 43.1%5.2 36.2+3.3" 26.213.4% 11.1+7.0% 0.0%0.0*
ray ml/min/100ml
matter
(100%) (99.4£4.8%)  (98.6%4.9%)  (96.227.1%) (81.4%11.3%) (58.7£7.3) (24.5%14.9%) (0.0%)
Whit 17.0+1.3 16.9%1.9 16.7+1.0 16.6+1.6 13.6+1.9° 10.3%£1.0* 5.213.0% 0.0£0.0*
ite ml/min/100m!
matter
(100%) (99.3+4.6%)  (98.8%+3.8%) (97.743.7%) (79.947.9%) (60.7%5.3%) (31.1%17.9%) (0.0%)

yalues are expressed in mean+ S.D. (n=5). ( %), percentage of predistraction control values.
P<0.05 vs control value by ANOVA followed by Dunnett's multiple comparison with control.
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Fig.15. Correlation and regression between ampli-
tudes of the ascending SEP Nal component and
the SCBF recorded in the gray matter. Regres-
sion line, Y=1.042X—5.103 ; r=0.9543 (p<0.001).
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Fig.16. Correlation and regression between the
amplitudes of ascending SEP Nal component and
the SCBF recorded in white matter. Regression
line, Y=1.020X —2.969 ; r=0.9558 (p<0.001).
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Fig.17. Changes of amplitudes of the ascending SEP Nal component and the SCBF
30 min after distraction release. Amplitudes and the SCBF were evaluated as
percentage of predistraction control values. Left, ascending SEP Nal component ;
middle, SCBF (gray matter) ; right, SCBF (white matter). Before, before release :

After, 30 min after release.
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Table 7. Changes of the amplitude of the ascending SEP Nal component and the SCBF 30 min after

C4—5 distraction release.

Before 30 min after
Control release release
Amplitude 147.6+13.3uV 90.0%+6.3 131.0+10.7
of ascending SEP
Nal component (100%) (61.2£4.7%) (89.6t13.1%)
43.0 *3.3 24.7+2 .4 21.4+2.0
(SGCrEg matter) ml/min/100m!
(100%) (57.618.3%) (50.3£8.2%)
16.9+1.3 10.0£1.2 8.8+2.1
SCBF ;
: m!/min/100ml
(White matter) (100%) (59.0+5.6%) (53.0+12.6%)

Values are expressed in mean+S.D. (n=5). ( %), percentage of predistraction control values.

Fig.18. Histlogical transverse sections of the cervical spinal cord in the central site of C4-5 and C6-
7 when the ascending SEP disappeared. Left, C4-5 distraction ; right, C6-7 distraction.
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Abstract

Effects of stepwise distraction of the spinal cord on the spinal cord evoked potenti-
al (SEP) were studied in cats to evaluate possible damage to the spinal cord due to spinal
cord distraction during surgery. The reversibility of the spinal cord function after release
from distraction was also investigated. During the distraction between two adjacent
cervical vertebrae (C4-5 or C6-7), the SEP was examined upon single electric shocks to the
lower spinal cord level (asceding SEP) and upon those to the radial nerve (radial SEP).
The SEPs were recorded from three points at the posterior midline epidural surface of the
distracted spinal cord; the central, rostral and caudal sites. During a series of stepwise
distractions, the ascending SEP was suppressed earliest and most severely at the central site
among the three sites mentioned above. Therefore the appropriate site for recording the
ascending .SEP to detect spinal cord dysfunction due to distraction is the central site
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between the two adjacent distracted cervical vertebrae. A high correlation was found
between amplitude decrement of the SEPs and distracting distance increment when the
distraction was applied to C4-5, whereas no correlation was observed between them in the
radial SEP when the distraction was given to C6-7. In the cases in which the amplitude
decrease remained less than 2926 of the predistraction control level, the SEPs fully recovered
120 min after the release of distraction. However, in the cases in which the decrease was
30-49% of the control level, the potentials deteriorated down to 36.8+22.6% (mean+S.D.
: n=>5) 120 min after the release of distraction. In the cases in which the decrease was
more than 50% of the control level, no recovery in the amplitude of the ascending SEP
took place after the release of distraction. Therefore, it can be stated that the critical
point for reversibility of spinal function should be set at the 30% decrease of the control
SEP amplitude without distraction. It is also suggestive that the radial SEP recorded at
the level of C4-5 represents the spinal electrical activity, whereas the radial SEP at the
C6-7 represents the activity of both the cervical nerve root and spinal cord. To further
clarify the mechanisms underlying the SEP changes observed during and after distraction,

the tensile force and spinal cord blood flow (SCBF) were measured. For the latter, the
hydrogen clearance method was used. The control SCBF values in the gray and white
matters were 43.94+4.0 and 17.0%+1.3 ml/min/100 ml respectively. When the ascending
SEP disappeared in both C4-5 and C6-7 at a distraction distance of 9.8 mm, the tensile
force was 485.0 gram-force in C4-5 distraction and 897.0 gram-force in C6-7 distraction,

and the SCBF completely ceased in both gray and white matters. In 30 min after the
release of distraction, the ascending SEP recovered up to 89.6+£13.12¢ of the control value
while the SCBF was restored by only 50.31+8.2% in the gray matter and 53.0312.6% in
the white matter. Thus, no evident correlation was pointed out between the recovery rates
in the ascending SEP and SCBF. The monitoring of the SEP at the central site between
the adjacent cervical vertebrae distracted is absolutely necessary during corrective surgery
for avoidance of possible damages to the spinal cord.



