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Abstract
Objectives—Recording techniques permit
the separate analysis of the response from
cauda equina roots and the spinal poten-
tial that is probably generated by the acti-
vation of dorsal horn cells. To improve the
functional assessment of focal lesions of
the lumbosacral cord, lower limb somato-
sensory evoked potentials (SEPs) were
measured by multisegmental stimulation.
Methods—Common peroneal and tibial
nerves SEPs were recorded in 14 patients
in whom MRI demonstrated compressive
cord damage ranging from T9 to L1 levels.
SEPs were recorded in each patient at the
lumbar level (cauda equina response),
lower thoracic level (spinal response), and
from the scalp (cortical response).
Results—Abnormalities in spinal re-
sponse occurred in 50% and 70% of tibial
and common peroneal nerve SEPs re-
spectively; these findings were well ex-
plained by the radiological compression
level, involving in most of the patients
lumbar rather than sacral myelomeres.
The SEPs were often more eVective than
the clinical examination in showing the
actual extension of damage.
Conclusions—The recording of spinal
SEPs after multisegmental lower limb
stimulation proved useful in assessing
cord dysfunction and determining the
cord levels mainly involved by the com-
pression.
(J Neurol Neurosurg Psychiatry 2000;69:91–95)
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It has already been shown that the recording of
spinal as well as root somatosensory evoked
potentials (SEPs) after lower limb stimulation
can be helpful in the functional assessment of
lumbar cord lesions.1-4 The functionality of the
central grey matter at the level of the lumbar
enlargement can be explored by recording the
segmental spinal response to electrical stimula-
tion of the lower limb.2-5 This response is prob-
ably generated by the postsynaptic activation of
dorsal horn cells from collateral branches of the
ascending somatosensory pathways.6 7 Thus,
SEPs should be used when, for example, clini-
cal examination is unable to distinguish signs of
lumbar cord involvement from those of lumbar
root lesion, or when an objective assessment of
the cord dysfunction is needed for monitoring

purposes. Nevertheless, as tibial nerve stimula-
tion usually involves the L5 and S1 der-
matomes, the recording of the N24 spinal
response can fail in demonstrating a focal
lesion of the lumbar enlargement, when this
lesion is localised slightly above or below the
L5-S1 levels. Therefore, we attempted to
improve the diagnostic yield of lower limb
SEPs by stimulating not only the tibial, but also
the common peroneal nerve at the knee. Mul-
tisegmental SEPs might be also useful in defin-
ing the functional lesion level when MRI shows
multiple levels of compression.

Therefore, we studied both tibial and
common peroneal nerve SEPs in 14 patients in
whom MRI demonstrated focal compressive
lesion of the lumbar spinal ranging from T9 to
L1.

Patients and methods
PATIENTS

We studied 14 patients (mean age 46.4 (SD
14.1), range 23–72). Spinal MRI was per-
formed in all patients. The MRI studies were
performed on superconducting 0.5 or 1.5 tesla
units, with sagittal and axial 5 mm T1 and T2
weighted spin echo slices. Spinal MRI showed
vertebral fracture in nine patients and disc her-
niation in the remaining five.

Cord compression involved:
(1) vertebral segments above T12 (patients 1

and 2)
(2) thoracic spine comprising the 12th

vertebral segment (10 patients, Nos 3—12);
(3) lumbar spine always involving the first

lumbar vertebra (patients 13 and 14)
Neuroradiological data are summarised in

table 1.

EVOKED POTENTIAL RECORDING PROCEDURE

For SEP recording, patients lay on a couch in a
warm and semidarkened room. All patients
underwent tibial and common peroneal nerve
SEPs on both sides. Stimuli (0.2 ms square
pulses) were delivered at 5 Hz using skin elec-
trodes (cathode proximal) at motor threshold
intensity. Stimulations were delivered at the
popliteal fossa for the common peroneal nerve
and at the ankle for the tibial nerve. The filter
bandpass was 10–3000 Hz (−3 dB at cut oV
point, 6 dB per octave); the analysis time was
100 ms. Samples with excess interference were
automatically edited out of the average. Two
averages of 2048 trials each were obtained and
drawn out by the computer on an HP laserjet
printer.
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Recording electrodes (impedance<5
KOhm) were placed over the spinous process
of the fourth lumbar vertebra (L4), referred to
the second lumbar vertebra (L2), to record the
cauda equina root response; over the spinous
process of the 12th thoracic vertebra (T12),
referred to the anterior abdomen (Abd), to
record the spinal N14 or N24 response; at the
scalp point Cz’ (2 cm behind Cz), referred to
Fpz, to record the scalp P27 or P40 response.
The rationale for this montage has been
discussed in detail in a previous study.2

NORMATIVE DATA

We used laboratory normative data (table 2)
collected from 35 control subjects (age range
19–59, mean 32 (SD11)) for tibial nerve SEPs2

and from 20 control subjects (age range 19–47,
mean 23.9 (SD 5.2)) for common peroneal
nerve SEPs.8

To assess the conduction time in somatosen-
sory pathways we measured the peak latencies
of the following common peroneal nerve SEPs:

cauda equina response (CE), spinal N14, and
cortical P27; and of the following tibial nerve
SEPs: cauda equina response (CE), spinal
N24, and cortical P40. CE-P40 and CE-P27
interpeak intervals were also calculated. Be-
cause the CE-P40 and CE-P27 were less
significantly correlated with the height of the
subjects than were the P40 and P27 latencies,
only patients showing the complete loss of cor-
tical responses as well as those who showed
definitely prolonged CE-P40 or CE-P27 inter-
peak values were considered as having abnor-
mal scalp SEPs.2

Results
SEP FINDINGS

The SEPs were abnormal in all patients (table
1). Tibial nerve SEP abnormalities concerned
the N24 lumbar response (absent) and the
scalp P40 potential (CE-P40 interval pro-
longed, absent P40). N24 was abnormal in
eight patients (14 lower limbs). P40 was
abnormal in 11 patients (22 lower limbs).
Common peroneal nerve SEP abnormalities
concerned the N14 lumbar response (absent)
and the scalp P27 potential (CE-P27 interval
prolonged, absent P27). N14 was abnormal in
11 patients (20 lower limbs). P27 was abnor-
mal in 11 patients (22 lower limbs).

SEP: RADIOLOGICAL CORRELATION

Of the two patients with cord compression
above the 12th thoracic vertebra, one (patient
2) showed normal spinal responses, whereas
the other (patient 1) had abnormal spinal
responses to tibial as well as common peroneal
nerve stimulation.

All 10 patients with lesions involving the
12th thoracic vertebra showed abnormal N14
response to common peroneal nerve stimula-

Table 1 Radiological and SEP findings

Patient Age Sex

MRI findings

SEP latencies (ms)

Side

Common peroneal nerve Tibial nerve

Type of lesion Level CE N14 P27 CE N24 P40

1 56 M Disc herniation D9-D10 R 11.8 − 28 19.4 − 41.4
L 11.8 − 28.6 19.6 − 42

2 46 M Disk herniation D9-D10 R 11.2 14.8 36 20.8 24 44
L 11.6 14.6 39 20.4 23.6 44.2

3 24 M Vertebral fracture D10, D11, D12 R 12.4 − − 19 21.8 −
L 12.2 − − 19.6 − −

4 60 M Vertebral fracture D12 R 12.2 − 39.4 20 − 46
L 11.4 − 39 19 − 49.6

5 72 M Disc herniation D11-12 R 10.8 − 37.4 19 − 43.5
L 10.6 − 38.4 19 − 44

6 44 M Vertebral fracture D11, D12 R 11.4 − − 20 23.8 −
L 11.8 − − 21.2 24 −

7 55 M Vertebral fracture D12 R 9.4 12.4 − 19 21.6 −
L 10.4 − − 18.2 20.8 45.8

8 48 F Disc herniation D11-12 R 12 15.3 36.7 19.3 23.6 −
L 12.4 − − 20 23.6 −

9 23 M Vertebral fracture D11, D12 R 10.8 − − 20.4 24 −
L 10.2 − − 20 23.8 −

10 41 M Vertebral fracture D11, D12 R 10 − − 18.2 20.4 −
L 10 − − 18 − −

11 35 F Vertebral fracture D12 R 9.7 − − 16.2 19 −
L 9.6 − − 16 18.8 −

12 63 M Disc herniation D11-12 R 12 − − 21 − −
L 12.2 − − 21.2 − −

13 46 M Vertebral fracture L1 R 10.4 13.6 26.6 21 − 39
L 10.8 14.6 27 20.4 − 38.2

14 37 F Vertebral fracture L1 R 9.2 12.4 25 16.8 − 36
L 9.6 12.8 25.8 17 − 37.4

−=Absent, not evaluable. Abnormal values are in bold.

Table 2 SEP normal values

Mean SD Range
Limit of normal values
(mean+3 SD)

Common peroneal nerve:
Cauda equina latency (ms) 10.4 0.7 9.6–12.8 12.5
N14 latency (ms) 13.9 0.96 12.4–16.4 16.8
P27 latency (ms) 26.1 2.3 22.1–30.1 33
CE–P27 interpeak interval

(ms)*
20 1.8 17.1–23.8 25.4

Posterior tibial nerve:
Cauda equina latency (ms) 18.3 1.7 14.4–23 24.4
N24 latency (ms) 22.2 1.9 18.4–28 27.9
P40 latency (ms) 38 2.7 31.2–45.8 46.1
CE–P40 interpeak interval
(ms)†

19.7 1.6 16.4–23.4 24.5

*Regression analysis: CE–P27=0.1×height+3.9 (correlation coeYcient 0.5, R[2] 24.6%, SEE
1.3).
†Regression analysis: CE–P40 = 0.09×height + 3.73 (correlation coeYcient 0.48, R[2] 23.9%,
SEE 1.4).
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tion (fig 1); moreover, five patients (3, 4, 5, 10,
and 12) also had abnormal N24 response to
tibial nerve stimulation.

Lastly, the two patients with lesions involving
the first lumbar vertebra always showed normal
spinal responses to common peroneal nerve
stimulation and abnormal spinal responses to
tibial nerve stimulation (fig 2).

SEP: CLINICAL CORRELATION

Absent N14 after common peroneal nerve
stimulation correlated significantly with re-
duced patellar reflex (Fisher’s test, p=0.012).
Absent N24 correlated significantly with re-
duced ankle reflex (Fisher’s test, p=0.023).

Discussion
This study shows that the recording of spinal
responses after multisegmental lower limb
stimulation can improve the SEP localisation
power in focal lesions of the lumbosacral cord.
We have found a low percentage of N24 abnor-
malities after tibial nerve stimulation (50%),
whereas the combined utilisation of tibial and
common peroneal nerve stimulation allowed us
to detect abnormalities of the spinal response
in all but one patient. All our patients had
post-traumatic fractures or acute disc hernia-
tions, involving, in most cases, the thoracic
rather than the lumbar spine. Although the
correspondence between vertebral bodies and
cord myelomeres is highly variable, it is gener-
ally agreed that lumbar myelomeres are located
at the level of the last thoracic vertebra,
whereas sacral myelomeres correspond to the
first lumbar vertebra.9 As the dorsal root inner-
vation of the common peroneal nerve is from
lumbar myelomeres,10 whereas sacral myelom-
eres mainly contribute to the tibial nerve,11 the
high percentage of cord compression at the
level of the 12th thoracic vertebra could
explain why, in our patients, the spinal
response was more often aVected after com-
mon peroneal nerve than tibial nerve stimula-
tion. Instead, in a previous paper,2 we de-
scribed an abnormal N24 spinal response after
tibial nerve stimulation in 10 out of 12 patients
with definite lesions of the lumbar enlarge-
ment. This discrepancy can be easily ex-
plained, keeping in mind that most of these
patients had vascular or neoplastic lesions
largely involving the whole lumbosacral cord.

DORSAL HORN VERSUS DORSAL COLUMN

DYSFUNCTIONS

In theory, scalp SEP abnormalities after multi-
segmental stimulation could give indirect
information on the compression level. For
instance, abnormal tibial nerve P40 with
normal common peroneal nerve P27 should
indicate that somatosensory ascending path-
ways are involved at more caudal levels.
However, this never happened in any of our
patients; scalp SEP abnormalities, when
present, were always evident after stimulation
of both the common peroneal nerve and the
tibial nerve. Abnormalities of the scalp re-
sponse after stimulation of both nerves could
suggest that the compression is located at a
more rostral level. However, this finding did
not give information about whether the cord
lesion was located at the level of the lumbar
enlargement or above. For instance, we found
abnormal common peroneal nerve and tibial
scalp SEPs in patients having cord compres-
sion involving the 12th thoracic vertebra, as
well as in one patient (2) with a more rostral
level of compression. Lastly, scalp SEPs did not
provide any information when they were
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Figure 1 Patient no 8. (A)
left tibial nerve SEPs. Two
traces obtained on two
successive runs of 2024 runs
are superimposed. L4-L2:
fourth lumbar vertebra
referred to the second lumbar
vertebra; T12-Abd: 12th
thoracic vertebra referred to
an anterior abdominal
electrode located slightly
above the umbilicus (Ant);
Cz’-Fz: electrode located 2
cm behind Cz referred to the
forehead. Negativity is
upward. The latencies of the
cauda equina (CE) and N24
responses are within normal
limits, whereas the P40 scalp
response is absent. (B) left
common peroneal nerve
SEPs. Same abbreviations as
in (A). The latency of the
cauda equina (CE) response
is within normal limits,
whereas both spinal (N14)
and scalp (P27) responses
are absent. (C) sagittal T2
weighted image of the
thoracic cord MRI. The
herniation of the T11-T12
disc with cord compression is
evident at the level of the
12th vertebral body.
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normal—for example, they were fully normal
in three of our patients (1, 13, and 14), regard-
less of the compression level (D9-D10 in
patient 1, L1 in patients 13 and 14). The more
probable explanation for this finding is that in

these patients the cord compression function-
ally involves only the central grey matter, leav-
ing unaVected the somatosensory ascending
pathways. Because it is generally agreed that
the spinal response is generated by the
activation of the lumbar dorsal horn cells,6 7 12 it
is conceivable that these patients can show
abnormal spinal responses with normal scalp
recordings. Such a dissociation between pre-
served scalp responses and abnormal spinal
potentials has been already described in
cervical5 13-15 as well as lumbar2 3 myelopathies.

CLINICAL USEFULNESS OF MULTISEGMENTAL SEP

RECORDINGS

Lumbar cord compressions obviously entail
diVerent management and prognosis than
compressions involving only cauda equina
roots. Unfortunately, clinical examination fails
to localise clear signs of cord involvement. For
example, reduced or normal lower limb
reflexes without Babinski’s sign were found in
six of our 14 patients (1, 6, 10, 12, 13, and 14);
moreover, sensory deficit was absent in three
patients (1, 5, and 8). These findings can easily
lead to a misdiagnosis of root lesion. Con-
versely, the neurophysiological study demon-
strated in all patients the preservation of the
root response with abnormal spinal potentials,
thus suggesting that the lesion was primarily
located in the spinal cord. The bipolar record-
ing over the lumbar vertebrae makes it possible
to cancel the large and widespread cord
response and, therefore, to isolate the genuine
dorsal root aVerent volley16; conversely, our
Th12 to anterior abdomen array tends to
enhance the N24 response, which is generated
by a horizontal dipolar source.6 7 Moreover,
this technique, by minimising the ECG and
muscular noise, makes it possible to obtain a
reliable spinal response in all control subjects.
If other recording techniques, such as T12 ref-
erenced to the knee or to the iliac crest, are
used, the spinal response can be lacking in
some control subjects, and therefore its loss in
patients cannot be used as a marker of clear
spinal cord involvement. Thus, this study con-
firms the usefulness of our recording tech-
nique, which clearly separates the root re-
sponse from the genuine segmental potential
generated in the lumbar dorsal horns.

DIAGNOSTIC SENSITIVITY OF SEGMENTAL SPINAL

SEPS

Our patients with L1 compression clearly
demonstrated dissociation between normal
spinal response after common peroneal nerve
stimulation and an abnormal spinal response
after tibial nerve stimulation. This finding,
which was significantly correlated with reduced
ankle reflexes, clearly suggested a dysfunction
of the sacral rather than lumbar myelomeres.
Conversely, all 10 patients with lesions of the
thoracic spine, sparing the L1 vertebra, showed
abnormality of common peroneal nerve spinal
response. Five of these 10 patients also showed
abnormal tibial nerve N24. Moreover, one of
the two patients with lesions located above the
lumbar enlargement (patient 1) had abnormal
spinal responses. The more probable explana-
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Figure 2 Patient 13. (A)
left tibial nerve SEPs. Same
abbreviations as in fig 1. The
latencies of the cauda equina
(CE) and scalp P40
responses are within normal
limits, whereas the N24
spinal potential is absent. (B)
left common peroneal nerve
SEPs. Same abbreviations as
in fig 1. The latencies of
cauda equina (CE), spinal
(N14), and scalp (P27)
responses are within normal
limits. (C) thoracic cord
MRI; sagittal T1weighted
images. The fracture of the
first lumbar vertebral body
with severe cord compression
is evident.
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tion for this finding is that severe compression
of rostral segments can cause degeneration of
lower myelomeres.17 Seen in this light, this
finding, indicating that the cord dysfunction
involves more cord levels than these directly
demonstrated by MRI, could be important for
both prognosis and management.

In conclusion, our findings suggest that mul-
tisegmental recording techniques, although
requiring a longer time and greater care, can
provide useful information that is not always
forthcoming from either clinical examination
or standard neurophysiological techniques.
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