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Summary We describe a method for obtaining corti-
cal evoked potentials after stimulation of the lumbo-
sacral and cervical dermatomes in healthy volun-
teers Such dermatomal evoked potentials are ex-
pected to contribute to the diagnosis of lumbar and
cervical root entrapment Normative data are pre-
sented for each dermatome including left-right differ-
ences A significant correlation was found between
absolute latencies and body length for the lumbo-
sacral segments This correlation was virtually absent
in the cervical segments The latency difference be-
tween the same cervical or lumbosacral dermatome
left and right was also independent of body length for
all segments.
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Introduction

In recent years several papers have been published on
the usefulness of evoked potentials in the diagnosis of
root entrapment in the lumbar and cervical region A
variety of recording methods has been presented.
Some authors use stimulation of mixed nerves, such
as peroneal or tibial nerves (Feinsod et al 1982),
whereas others use sensory nerves, such as sural,
saphenous, or superficial peroneal nerves (Eisen et
al 1983 ; Perlik et al 1986) Only a few authors have
described the use of dermatomal stimulation (Aminoff
et al 1985 a,b; Scarff et al 1981) The method of
stimulating peripheral nerves seems to have limited
value, as these nerves generally contain fibers coming
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from more than one root; in consequence evoked po-
tentials can be normal in the case of monoradiculo-
pathy, since normal conducting nerve fibers of spared
roots will conduct the evoked potential For this
reason we expected dermatomal stimulation to have
more diagnostic value in monoradiculopathies We
present reference data on the lumbosacral derma-
tomes L 3, L 4, L 5, and 51 and on the cervical der-
matomes C 5, C 6, C 7, and C 8 These data add nor-
mal values of a large number of dermatomes to the
normative data of L 5 and 51 described by Katifi et al.
( 1985, 1986).

Materials and Methods

Recordings from the cervical regions were made on 35 volun-
teers, 18 male and 17 female, aged 18-56 years (mean 28) Re-
cordings from the lumbar region were made on 37 volunteers,
18 male and 19 female, aged 18-56 years (mean 27) None of
them had a history of complaints of brachial or ischiadic pain,
or pain in the neck or back and none of them showed any
neurological deficit The recordings were made with the sub-
ject in the supine position The skin temperature was kept at
least at 30 °C and the room temperature at 23 °C During the
recording session the subjects were instructed to relax The re-
cordings were partly made at the Medical Centre Leeuwarden
and partly at the Radboud University Hospital Nijmegen
under the same conditions and with the same equipment.

Disc electrodes were placed at Cz' (between Cz and Pz of
the international 10-20 system) when stimulating the legs and
at C 4 ' and C 3 ' (between C 4 and P 4, and C 3 and P 3) when
stimulating the arms The reference electrode was placed at
Fz, the ground electrode at Fpz Bipolar surface electrodes
were used for stimulation with an interelectrode distance of
2 cms The cathode was placed proximally.

The places of stimulation of dermatomes were chosen in
such a way that no large nerve trunks could be stimulated, and
in accordance with the clinically and anatomically known der-
matome borders (Clara 1959 ; Nieuwenhuys 1975) The stimu-
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stimulus responses Both averages were overlayed for inspec-
tion of reproducibility Four somatosensory evoked potential
(SEP)s on the left side and the corresponding SE Ps on the
right side could be displayed simultaneously on the screen
(Fig 2).

Results
C 5

51 V/W 5

Fig 1 Stimulation points of the lumbosacral and cervical der-
matomes

lation points are summarized in Fig 1 For S 1 this stimulation
point was at the lateral side of the fifth metatarsal bone, for L 5
at the medial side of the second metatarsal bone The stimula-
tion point of L 4 was defined at the midpoint of a line between
the medial malleolus and the medial epicondyle of the tibial
bone L 3 was defined midway along a line between the an-
terior superior iliac spine and the medial condyle of the tibia.
For the cervical segments the stimulation point for C 8 was
chosen on the lateral side of the fifth metacarpal bone, for C 7
just between the second and third metacarpal bones For C 6
this point was at one-third of the styloid process of the radius.
For C 5 it was located at one-third along a line between the tip
of the acromion and the lateral epicondyle of the elbow.

For each dermatome the threshold of sensation was mea-
sured and the stimulus intensity was set 3 times above this
level, without exceeding the pain threshold and avoiding visi-
ble contractions of underlying muscles The stimulus rate was
2.3/s, and pulse duration was 0 2 ms The data were obtained
using a Nicolet Pathfinder II The amplifier bandpass was 5-
250 Hz A prestimulus interval of 45 ms was part of the 150 ms
display window Automatic artifact rejection was used The
amplification was set to 50 g V full scale Two series of averages
were made for each dermatome, each consisting of 200 single

Dermatomal cortical SE Ps resembled cortical evoked
responses after stimulation of the tibial nerve: they
consisted of two positive and two negative peaks The
first positive peak was the most consistent and the
most sharply distinguishable From the dermatomes
of both sides the latency and amplitude top-to-top of
this first positive peak was measured Then the laten-
cy and amplitude differences between left and right
of each dermatome were calculated The Student's t-
test was performed to see whether the data from the
two hospitals belonged to one group The P values
for the several dermatomes varied from 0 24 to 0 97,
except the P value for C 5, which was 0 03 This
meant that the chance the given data did not belong
to the same group was significantly small, even for
C 5 Therefore the data were merged.

Mean Latency and Correlation with Body Length

Table 1 shows the mean latency of each dermatome
together with the SD; the latencies increased from
C 5 to 51 A positive correlation between the abso-
lute latencies of the lumbosacral dermatomes and
body length was expected as this has been found for
evoked responses after stimulation of the tibial
nerve For each dermatomal SEP the correlation be-
tween latency (mean left, right) and body length was
calculated, as well as the regression lines and the
98 % confidence limits From Fig 3 it is clear that
there was a significant correlation with respect to the
lumbosacral dermatomes, whereas there was virtual-
ly no correlation with respect to the cervical derma-
tomes (only the regression line for C 7 is presented in
Fig 3).

Latency Differences Between Left and Right

For each dermatome SEP the mean latency differ-
ence of the first positive peak was calculated between
left and right, as well as the SD Table 2 shows the
mean latency differences and 2 5 times the SD, which
represented the 98 % confidence limits By way of ex-
ample Fig 4 shows the regression line of the latency
differences of L 4 on body length The results for
the other dermatomes were the same It can be con-
cluded that the latency differences between left and
right did not correlate with body length.
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Latency
Right arm Left arm
C 5 25 8 C 5 24 3
C 6 25 8 C 6 25 8
C 7 29 4 C 7 29 4
C 8 29 7 C 8 28 8

left arm

Right leg
L 3 34 1
L 4 42 3
L 5 51 3
51 52 :left leg

l 2 5 i V
+

Latency
Left leg

3 L 3 36 6
3 L 4 40 2
3 L 5 51 0
2 51 54 0

Ic J~~

L 4/~

15.0 ms

l 2 5 V
+

Fig 2 Dermatomal somatosensory
cortical evoked potentials of the cervical
and lumbosacral dermatomes with the
latency of the first positive peak in ms

Amplitude Difference Between Left and Right

The amplitude of the first positive peak of each der-
matome SEP left and right was measured, and the
mean ratio was calculated for each dermatome be-
tween the smallest and the largest amplitude, as a
percentage of the largest one Table 3 shows the low
limit values as the mean minus 2 5 times the SD of
these amplitude differences It shows that the ampli-

tude varied more in the lumbosacral region than in
the cervical region.

Discussion

A significant correlation was found between latency
and body length with respect to lumbosacral der-
matome SE Ps, whereas this correlation was absent
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Table 1 Mean latency and SD of the first positive peak of the
evoked potentials of cervical and lumbosacral roots in ms

Left Right

n = 35 C 5 24 13 1 55 24 78 1 86
C 6 26 0 1 72 26 48 1 80
C 7 30 13 2 13 30 18 2 38
C 8 29 74 2 50 30 0 2 33

n = 37 L 3 35 62 2 70 35 81 2 90
L 4 42 18 3 56 41 87 3 80
L 5 49 14 4 30 49 57 4 96
51 49 30 3 85 50 20 3 63

Table 2 Mean latency difference in ms between left and right
of the lumbosacral and cervical roots with 2 5 times the SD

n = 35 N = 37

Mean 2 5 x SD Mean 2 5 x SD

C 5 0 63 3 6 L 3 0 19 4 9
C 6 0 48 2 9 L 4 -0 16 5 5
C 7 0 05 4 0 L 5 0 43 5 4
C 8 0 26 4 1 51 0 90 4 7

with respect to the cervical dermatomes Tsuij et al.
( 1984) and Ganes ( 1980) showed that the central con-
duction time of the median nerve and tibial nerve
evoked potentials is independent of body length.
Campbell et al ( 1981) and Soudmand et al ( 1982)
reported that the conduction velocity of the periph-
eral nerves in the leg has a negative correlation with
body length This dependence is absent in the arm.
Their explanation for this phenomenon was the ab-
rupt distal axonal tapering of the nerves in the leg,
whereas the nerves in the arm do not show such distal
tapering We suggest that this phenomenon could be
one of the reasons for the difference in body length
dependence of the dermatomal evoked potentials of
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Table 3 2 5 times SD of the amplitude ratio of the dermatome
left and right somatosensory evoked potentials

n = 35 N = 37

C 5 22 % L 3 15 %
C 6 32 % L 4 19 %
C 7 39 % L 5 14 %
C 8 33 % 51 20 %

arm and leg, because the cutaneous afferent nerves
which are stimulated in the dermatomal method
(Katifi and Sedgwick 1986) join the large mixed
nerves in the arm and leg.

The dermatome L 4 showed the highest correla-
tion between latency and body length (r = 0 62 ;
P = 0 001) Even in this case no correlation between
the left-right latency differences of the L 4 der-
matome SE Ps and body length was found So in
contrast to the latency, the latency difference be-
tween the same dermatome left and right appears to
be independent of body length.

The amplitude differences of the several der-
matome SE Ps left and right varied in the cervical re-
gion from 1:3 to 1: 4, and in the lumbosacral region
from 1: 5 to 1: 7 This wide range in normal individu-
als makes the amplitude of limited value for the de-
tection of pathological changes Katifi and Sedgwick
( 1986), Aminoff et al ( 1985 b), and Scarff et al.
( 1981) considered a difference of more than 75 % as
significant for abnormality, agreeing with our results.

Criteria for abnormality are in our opinion:
a latency difference between left and right exceed-

ing the value of 2 5 times the SD of a given derma-
tome,

an absent response on one side,
too long latencies of the dermatome SE Ps of both

sides, which must be corrected for body length when
studying the lumbosacral dermatomes.

I 14
r 174

-_____ __ __ O_

0
o ~ ~ ~ 'o

p 

Fig 4 Scattergram of the latency differ-
ence between L 4 left and right against
body length with the regression line
(solid) and the 98 % confidence limit
(dotted)
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Registration of dermatomal SE Ps is a simple, non-
invasive, and reliable investigation, which can play
an important role in the diagnostic field of cervical
and lumbosacral root dysfunctions Our normative
data are in accordance with findings of other authors
with respect to 51 and L 5 and add reference values
for other dermatomes.
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