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Somatosensory Evoked Potentials 
in Cerebral Palsy After Partial 
Dorsal Root Rhizotomy 
Muktair Kundi, MD; Les Cahan, MD; Arnold Starr, MD 

• Somatosensory evok ed potentials 
(SEPs) were studied in 20 children with 
c erebral palsy and severe lo wer extremity 
spastlcity before and af ter selective par
t ial dorsal root rhizo to my of the lumbosa
cral cord. The potentials fro m stimulating 
nerves in the lower extremity were abnor
mal in two thirds of the children before 
the operation, whereas the pot entials 
were generally normal from upper extrem
ity nerves. Dorsal root rliizot omles 
c aused an attenuation of nerve root entry 
volleys recorded over the lumbar c ord but 
did not change SEPs recorded over the 
cortex. The exc eption to this was t hat the 
Incidence of abnormal s ural nerve SEPs 
dec reased posto peratively. Lumbar c ord 
functions measured by H-reflexes or by 
tendon jerks w ere d epressed following 
the o peration. These results Indicate a 
significant degree of ab normality of 
somatosensory transmission f rom the 
lower ex tremity In a group of cerebral 
palsied c hildren with severe spastlcity. 
Moreover, selective sectioning of approx
imately 50 % of the dorsal root f ibers in 
the lumbosacral cord had little Influence 
on c ortical evoked potentials. 

(Arch Neuro/ 1989;46 :524·527} 

& astic diplegia, one fo rm of cerebral 
palsy, has been attributed to 

lesions involving the motor ·pathways 
in the cerebral hemisphere1 without 
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having clinical signs of an accompany· 
ing involvement of the nearby sensory 
pathways. Somatosensory evoked po
tentials (SEPs), which provide an 
objective noninvasive way to test the 
"integrity of these sensory pathways, 
have not been studied systema:tically 
in this group of pat ients. 

We have had the opportunity to 
study SEPs in a group of cerebral 
palsied patients with severe spast ic 
diplegia before and after partial selec
tive sectioning of the dorsal roots in 
the lumbosacral region. The nerves 
that were stimulated to evoke SEPs 
arose in the lower ext remities and 
passed to ·the lumbosacral cord 
through the roots that were to be 
partially sectioned. Quantifi cation 
was made of the potentials evoked 
from the dorsal roots and spinal cord 
in the lumbar region and over the 
somatosensory cortex in the midline 
scalp. The effects of the rhizotomy on 
spinal cord monosynaptic reflexes 
were also determined. Surprisingly, 
we found a significant number of 
these patients had abnormal SEPs 
before the operation, a result that was 

. not anticipated. We report on these 
findings and the modifications of 
SEPs and monosynaptic reflexes that 
follow partial selective dorsal root 
r hizotomies. 

PATIENTS AND METHODS 

We studied 20 children with spastic 
diplegia without dystonia before and after 
partial lumbar rhizotomy. Their ages 
ranged from 2~ to 9% years. There were 
nine girls and 11 boys; four had been 
full-term infants and 16 had been born 
prematurely. Selective posterior rhizotomy 

was performed as described by Fasano et 
al' and modified by Peacock and Arens.' 
Using general anesthesia, a laminectomy 
was performed from L-2 to the upper 
sacrum. After opening the dura mater, the 
dorsal roots were examined with an oper
ating microscope, separated from the ven
tral root, and divided into rootlets. Usually 
four to ten rootlets were di:>sected and 
identified in each root. Each rootlet was 
placed over a bipolar stimulating elect rode 
and the threshold current for eliciting a 
movement of the leg identified using single 
pulses of 0.3-ms duration. Repetitive stim
uli at this threshold at a rate of 50/ s were 
then applied and the motor responses 
observed and classified as a contraction 
that was restricted to the appropriate 
myotome of the stimulated leg and was 
brief in duration, or a contraction that was 
sustained and spread to other myotomes of 
the same or even the opposite leg. The 
rootlets giving r ise to the latter responses 
were sectioned. Approximately 50% of the 
dorsal nerve rootlets from L-2 to S-1 were 
sectioned bilaterally in these patients. 

Somatosensory evoked potentials were 
recorded from stimulation of peripheral 
nerves in the legs (posterior tibial at the 
ankle, peroneal at the knee, and sural at 
the ankle) and the median nerve at the 
wrist in the arms. The nerves on each side 
of the body were tested in sequence. In 
addition, H-reflexes and F waves were 
tested in eight of the patients. 

The children were sedated with chloral 
hydrate (50 mg/ kg orally). The nerve to be 
studied was stimulated percutaneously 
with bipolar elect rodes (separation of 2.5 
cm) at 4.8/ s with a 300-µs square-wave 
pulse at an intensity sufficient to cause 
minimal contraction of the muscles inner
vated by that nerve. In the case of the sural 
nerve, the intensity was raised to the 
patient's tolerance but not more than 15 
mA. 

Scalp recordings were made by placing 
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Fig 1. -Somatosensory evoked potentials from stimulating posterior tibial ne..Ve in subjects with 
cerebral palsy and severe spasticity. Lumbar root entry volleys are to left of each cortical tracing. 
Patients have been divided into two groups, normal and abnormal. Note that abnormality is 
restricted to cortical potentials and consists of their absence or marked delay of initial vertex 
positive component occurring at approximately 40 ms. This component is marked by filled circle 
above traces. Traces represent sum of three separate averages of 200 to 600 trials each. 

Table 1.-Cortical SEPs in Cerebral Palsy' 

Preoperative Postoperative 

No. of Abnormal Tests No. of Abnormal Tests 
Nerves Tested (%) Nerves Tested ('%) 

Lower extremity 
Sura I 37 14 (38) 37 5 ( 14)t 

Posterior tibial 38 11 (29) 38 10 (28) 

Peroneal 30 8 (27) 30 8 (27) 

Sum 105 33 (3t) 105 23 (22) 

Upper extremity 
Median 28 3 (11)* 26 2 (7)* 

' SEP indicates somatosensory evoked potential. 
t P < .05 compared with preoperative values. 
*p < .05 compared wilh lower exttemity sum. 

electrodes over C,, C., and C. referenced to 
F,. for lower extremity stimulation and C,' 
and C.' referenced to F,. for upper extrem
ity stimulation. In addition,. the ascending 
volleys for the posterior tibial nerve were 
recorded between surface electrodes over 
L-1 referenced to L-5. For the upper 
extremities, recordings were made be
tween electrodes over t he ipsilateral Erb's 
point referenced to F,. and C-7 referenced 
to C-1, and C3' or C4' referenced to F,.. 

The potentials were amplified and fil
tered between 5 and 500 Hz for the lower 
extremity and between 30 and 1500 Hz for 
the upper extremity. A total of approxi
mately 200 to 600 stimuli composed each 
average and up to three averages were 
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made to stimulation of each nerve. 
The H refiex was obtained by stimulat

ing the posterior tibial nerve behind the 
knee while recording the surface electro
myogram from the calf. The maximum H 
and M responses (H.... and M.,.,) were 
obtained and the H...../M., .. ratio calcu
lated. 

The F wave was obtained by stimulation 
of the posterior tibial and peroneal nerves 
with a supramaximal current a t a 0.5-Hz 
rate for 16 trials. The amplitude of the F 
waves obtained on these trials was defined 
and the mean calculated. 

The latency of the components of the 
SEPs was defined at the peak of the com
ponent of interest. For the potentials 

evoked by stimulation of lower extremity 
nerves, P40 latency was derived from 
either C, or the ipsilateral parasagittal 
electrode site. For the lumbar potentials, 
both the latency and amplitude (defined as 
the peak-to-peak value of the negative 
component (N22] to the following positivi
ty) was made. For. the potentials evoked by 
stimulating the nerves in the upper 
extremi ty, latency was defined by the peak 
value of the initial negative components 
(NS-10 a t Erb's point, N14-20 at the cor
tex). These measures were made from the 
grand average of the two to three separate 
averages · collected for each nerve tested. 
The evoked potentials were classified as 
abnormal if the cortical components (P40 
from the lower extremities or N19 from the 
upper extremities) were absent (no repro· 
ducible component on two of the three 
replications) or if the latency of the corti
cal components from the lower extremity 
had been greater than 50 ms (see Zhu et at• 
for normal values) and more than 25 ms 
for the upper extremity. We used x' to test 
the significance of the effects of dorsal 
rhizotomy on these measures of evoked 
potentials. 

RESULTS 
Preoperative 

Only five of the 16 patients tested 
with SEPs from all six lower extremi
ty nerves were normal. The frequency 
of abnormality in the 11 affected 
patients involved one or two nerves in 
seven patients and four or more 
nerves in four patients (see Fig 1 for 
examples of normal and abnormal 
SEPs from posterior tibial nerve 
stimulation). Data from these 16 
patients, when combined with those 
derived from the other four patients 
who had fewer than six nerves tested, 
showed that the probability of defin
ing an abnormal SEP was slightly 
greater with sural nerve (14/37 
instances (38%]) compared with pos
terior tibial and peroneal nerve (11/38 
[29% 1 and 8/30 (27% 1 respectively; 
Table 1). The abnormality of the corti
cal components of the SEP occurred 
even though lumbar nerve root poten
tials were usually present and of nor
mal latency. Thus, in children with 
spasticity and the diagnosis of cere
bral palsy, the probability of detecting 
abnormalities of the P40 component 
of cortical SEPs from stimulating 
nerves in the lower extremities was 
approximately 30%. 

We examined median nerve SEPs in 
14 of these patients to ascertain 
whether the deficit of somatosensory 
processing was widespread or was 
restricted to the input from the lower 
extremities. Eight of the nine patients 
with abnormal posterior tibial SEPs 
had normal median SEPs. Furt her
more, of the 28 median nerves tested, 
only three were abnormal. Thus, in 
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Table 2. -Spinal Root Volley: Incidence of Detection and Amplitude• 

Pr•op•rative Poatop•ratlv• 

Detection . 
Sura I 37 (81) 38 (39) 

Posterior tibial - 38 ( 100) 33 (88) 

Peroneal • 32 (69) 28 (25) 

Sum 105 (84) 97 (52)t 

Amplitude 
Surat 0.99 :I: 0.39 0.87 :I: 0.54 

Posterior tibial 2.14 :I: 1.28 0.78 :I: 0.42t 

Peroneal 1.44 :I: 0.67 0.74 :I: 0.56t 

• Detection valuea are number of nerves taated (percentage of nerves teated lhowino a spinal root volley). 
Amplitude values are mean :I: SO. 

t P < .05 compared with preoperative value• 

this group of patients, the incidence of 
abnormal SEPs is significantly great
er from stimulation of nerves in the 
lower extremity than from stimula
tion of nerves in the upper extremity 
(Table l; P < .05). 

Postoperative 

The probability of detecting the 
nerve root volley over the lumbar 
region from stimulating the lower 
extremity nerves was reduced follow
ing the operation to .52% compared 
with the 84% preoperative detection 
rate (Table 2; P < .05). The effect was 
most striking with sural and peroneal 
nerves. When the lumbar volley was 
present postoperatively, its latency 
was normal. However, the amplitude 
of the remaining lumbar volleys to 
posterior tibial and peroneal nerve 
stimulation was clearly attenuated 
compared with preoperative values, 
whereas the lumbar volleys t.o sural 
nerve stimulation were essentially 
unchanged (Table 2). Thus, sectioning 
of approximately 50% of the dorsal 
roots L-2 t.o S-1 was accompanied by 
(1) a decrease in the probability of 
detecting a lumbar root volley from 
stimulating the posterior tibial, pero
neal, and sural nerves, whereas (2) an 
attenuation in the amplitude of the 
remaining volleys was detected only 
with posterior tibial and peroneal 
nerve stimulation. 

The overall incidence of abnormali
ty of the cortical evoked potentials 
was not significantly reduced follow
ing the operation: from 33 (31 % ) of 
the 105 nerves tested preoperatively 
to 23 (22%) of the 105 nerves tested 
postoperatively. However, when the 
data from each nerve were analyzed 
separately, the SEPs from the sural 
nerve showed a significant normaliza
tion following the operation, changing 
from a 38% incidence of abnormality 
preoperatively t.o a 13% incidence 
post.operatively. The frequency of 
abnormal SEPs from stimulating pos-
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terior tibial or peroneal nerve was 
essentially unchanged by the opera
tive procedure (Table 1). Evoked 
potentials to median nerve were 
changed post.operatively in only one of 
28 nerves tested. 

H and F Responses 

There were eight patients tested 
preoperatively and postoperatively. 
All had an H reflex preoperatively, 
with the ratio of H.,JM., .. varying 
from 10% to 70%. Post.operatively, 
the H-re.fiex became unobtainable in 
five of these patients, with the other 
three showing shifts of the ratio, two 
a decrease and one an increase (Fig 2). 
F wave amplitudes for the 11 patients 
tested for peroneal and posterior tibi
al nerves did not show any consistent 
pattern as a result of the operation. 

In summary, these patients with 
cerebral palsy and severe spasticity 
show a 31 % incidence of abnormality 
of cortical so_matosensory potentials 
evoked from stimulating mixed and 
sensory nerves from the lower 
extremities, whereas the cortical 
SEPs t.o median nerve stimulation 
were only occasionally (11 % ) abnor
mal. The discrepancy between the 
SEPs evoked by stimulating upper 
and lower limbs in these patients 
reveals a deficit of sensory processing 
predominantly affecting the lower 
extremities. The sensory processing 
deficit is within the central somato
sensory pathways, since nerve root 
volleys recorded over the lumbar cord 
were normal in these patients. 

COMMENT 

The results of this study define an 
abnormality of cortical SEPs from 
stimulating nerves in the lower 
extremities in children with spasticity 
and the clinical diagnosis of cerebral 
palsy. Two thirds of the patients had 
an abnormal SEP from stimuJating 
one or more of the lower extremity 
nerves. Moreover, abnormal SEPs 
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Fig 2.-Change in H reflexes as result of 
partial dorsal root rhizotomy in eight patients. 
Note loss or marked attenuation of H reflex 
postoperatively in seven of eight patients. H,.., 
and M_, indicate maximum H and M 
responses; solid bars, preoperative values; 
and hatched bars, postoperative values. 

were obtained from approximately 
one third of the nerves tested. We had 
the impression that the likelihood of 
defining abnormalities of SEPs was 
greater with the older compared with 
the younger subjects. We believe that 
this high incidence of abnormality of 
SEPs from the lower extremities in 
patients with cerebral palsy has not 
received attention before the present 
observation. The patients in our study 
group were highly selected from 
among those children carrying the 
diagnosis of cerebral palsy because of 
their severe lower extremity spastici
ty requiring a surgical procedure on 
their posterior spinal roots from L-2 
t.o S-1 to improve their gait. It is likely 
that the neuropathological basis for 
their severe spasticity also accounts 
for the abnormality of SEPs obtained 
from stimulating nerves in the lower 
extremities. 

We also examined median nerve 
SEPs in 14 of these patients to define 
how generalized was the abnormality 
of somatosensory function. We found 
that the SEPs from the upper extrem
ity median nerve was normal in all 
but a few instances. Thus, the results 
suggest two major alternatives: (1) 
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the locus of the somatosensory disor
der is in the spinal cord below the 
cervical region, thus affecting only 
the ascending pathways from the legs; 
or (2) there is a selective involvement 
of the lower extremity somatosensory 
pathways in the cerebral hemi
spheres. A distinction between these 
two alternatives might be made by 
defining whether the potentials over 
the cervical cord to stimulation of the 
lower extremity nerves were normal 
or abnormal. The finding of abnormal 
potentials would favor a spinal cord 
site as the basis for the selective 
abnormality of lower extremity SEPs 
in these children. A cerebral site for 
the lesion producing spasticity was 
proposed by Little/ who asserted that, 
in this condition, there was a particu
lar involvement of the fibers in the 
periventricular region controlling the 
lower extremities. The results from 
the present study can exclude the 
peripheral nerve as a source of abnor
mality contributing to the SEP find
ings, since the latency and amplitude 
of the spinal root and lumbar cord 
volleys were within normal limits for 
these patients. 

It came as a surprise that there 
were so few changes in the cortical 
SEPs following sectioning of approxi
mately 50% of the dorsal root fibers 
from L-2 to S-1 bilaterally. In con
trast, the potentials representing the 
entering dorsal root volleys recorded 
from over the low back were affected 
with both the probability of their 
detection and their amplitudes being 
diminished. The only significant 
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palsy. Childs Nerv Syst 1978;4:289-305. 

3. Peacock WJ, Arens W: Posterior rhizotomy 
for the relief of spasticity in cerebral palsy. 
S Afr Med J 1982;62:119-124. 

4. Zhu Y, Georgesco M, Cadiilhac J: Normal 
latency values of early cortical somatosensory 
evoked potentials in children. Electroencephor 
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change in cortical SEPs following the 
operation was to sural nerve stimula
tion, with the incidence of abnormali
ty being reduced from 33% preopera
tively to 13% postoperatively. One 
mechanism that might account for the 
postoperative improvement of sural 
nerve SEPs is based on a change in 
the interaction between the various 
somatosensory inputs in the spinal 
cord.6 The selective character of the 
rhizotomy could have affected the bal
ance between the different types of 
sensory inputs, thereby altering the 
types of interaction taking place in 
the cord and the resulting SEPs. This 
suggestion is supported in part by the 
clear evidence that the rhizotomy pro
duced an impairment of muscle spin
dle afferent input (loss of H-reflexes 
and depression of deep tendon re
flexes) without clinical evidence of 
altered cutaneous sensibility. 

The remarkable preservation of 
cortical SEPs following section of the 
dorsal rootlets supports prior clinical 
observations' of the preservation of 
cortical SEPs even after·considerable 
damage to peripheral nerves. The 
results from the present study provide 
a quantitative definition of this phe
nomenon such that with even 50% of 
the dorsal root fibers sectioned over 
several segments, cortical SEPs are 
little affected. 

There were changes of spinal cord 
function following the rhizotomies as 
evidenced by the loss or diminution of 
H-reflexes in most of the patients 
tested. Clinically, these patients also 
showed a reduction in tendon reflexes 
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One important lesson to be gleaned 
from this study is that there can be a 
marked reduction in the number of 
axons conveying sensory input 
through the dorsal roots without sig
nificant changes in the SEPs from 
peripheral nerve stimulation. This 
finding is relevant for understanding 
the utility of SEPs in root lesions such 
as disk herniations, which, in our 
experience, are normal. A measure of 
somatosensory function employing 
stimulation of the whole nerve by 
electrical means obviously has limits 
in assessing such lesions, and alterna
tive strategies of natural activation9 

of the somatosensory periphery by 
touch, muscle stretch, and tempera
ture need to be developed to test the 
effects of such partial lesions. In con
trast, SEPs to electrical stimulation 
of peripheral nerves are quite sensi
tive for revealing lesions of the cen
tral pathways, as evidenced in this 
group of patients without sensory 
complaints but with clear evidence of 
altered somatosensory transmission. 
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