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Background and Importance: Selective Dorsal Rhizotomy (SDR) is a neurosurgical procedure 
currently used as a surgical treatment of children with spasticity in their legs. In SDR, the dorsal 
roots from L2 to S1 or S2 is partially sectioned. The primary goal of SDR is to reduce spasticity 
and improve the range of movement with preservation of muscle strength. The dorsal 
roots involved in spasticity are identified on the basis of intraoperative electrophysiological 
stimulation. Currently, SDR is commonly performed for the treatment of spastic cerebral palsy 
in children. 

Case Presentation: We report an 8-year-old child with spastic cerebral palsy who underwent 
intraoperative neurophysiology monitoring during SDR for treating his spasticity. Before the 
operation, the patient’s examination revealed more spasticity at the lower extremities, mild 
spasticity at the upper extremities, and occurrence of fixed contracture of his both ankle joints. 
Intraoperative neuromonitoring (consisting of motor evoked als, direct nerve root stimulation, 
and free run electromyography) was performed during the operation. Electrophysiological 
monitoring was initially used to help differentiate between the ventral and dorsal roots and 
cutting the abnormal sensory rootlets. 

Conclusion: After the operation, his motor power of the lower extremities in the proximal and 
distal muscles was 4 out of 5, his saddle sensation became normal, and there was no urinary 
and stool incontinency. Four weeks after the operation, he could walk about 10 m without 
help. His examination 2 and 4 weeks after the operation showed was no sign of sensory 
deficits, urinary, or stool incontinency. Two months after the operation, the patient could 
walk independently without help while before the operation, he could not.
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1. Introduction

elective Dorsal Rhizotomy (SDR) is a neu-
rosurgical procedure currently used as a 
surgical treatment of children with spas-
ticity in their legs [1, 2]. Although the pro-
cedure has been successful in adolescents 

and even young adults, it is generally performed in 
3- to 8-year-old children [2]. The term “selective” in 
SDR suggests an ability to select out the abnormally 
responsive dorsal rootlets, while preserving normally 
functioning ones. In SDR, partial sectioning of the dor-
sal roots from L2 to S1 or S2 is usually performed [3, 4].

The primary goal of SDR is to reduce spasticity and im-
prove the range of movement with preservation of muscle 
strength by identifying that part of dorsal roots involved 
in spasticity on the basis of intraoperative electrophysi-
ological stimulation [2,5,6]. The amount of sectioned 
rootlets is guided by clinical findings and IntraOperative 
Neurophysiology Monitoring (IONM) [6]. The purpose 
of IONM is to subdivide and section only portions of the 
dorsal root, thereby preserving sensory innervation and 
allowing motor retaining of the affected muscle group. 

Spasticity is thought to be enhanced by sensory input 
onto the anterior horn cells that is unopposed by the de-
scending inhibitory influences of the corticospinal tract. 
SDR is based on the hypothesis that reducing the degree 

of abnormal sensory input into the spinal reflex arc will 
result in diminished spasticity. This relative reduction of 
descending inhibitory impulses in the corticospinal path-
ways results in relative overactivity of the affected mus-
cles (increased motor output), leading to increased mus-
cle tone (i.e., spasticity). Intraoperative neuromonitoring 
uses continuous recording of Electromyography (EMG) in 
lower limb muscles, anal sphincter, and its response to 
simulation of selected rootlets [2, 6].

Intraoperative electrophysiological stimulation can 
be valuable in identification signs of spasticity and 
achieving a balance between elimination of spasticity 
and preservation of underlying strength [2, 6, 7]. EMG 
monitoring helps also avoid complications, especially 
sphincter paralysis and sensory loss in extremities [8]. 
Patients who ultimately benefit most from the proce-
dure typically have pure spasticity involving the lower 
limbs, good cognitive function, and strength, no fixed 
contractures and postural stability. We report herein a 
case with spastic Cerebral Palsy (CP) who underwent 
IONM during SDR for treating his spasticity.  To the best 
of our knowledge this is the first case in Iran who un-
derwent IONM during SDR.

2. Case Presentation

An 8-year-old child with a past history of prematurity, 
epilepsy, severe spasticity, and scissoring gait was admit-
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Highlights 

● Selective dorsal rhizotomy (SDR) is a surgical treatment of children with spastic cerebral palsy.

● Intraoperative neuromonitoring improves SDR safety and outcomes.

● Although our case had fixed contracture of his both ankle joints, our treatment results were quite satisfactory.

Plain Language Summary 

Cerebral palsy is one of the most common congenital neurological conditions in children. It is also one of the main 
causes of motor disability and spasticity in the childhood. Selective Dorsal Rhizotomy (SDR) is the most common neu-
rosurgical procedure currently used for the treatment of children with spasticity in their legs. In SDR, some of the spi-
nal cord dorsal roots are partially sectioned and cut. The primary goal of SDR is to reduce spasticity and improve the 
range of movement while preserving the muscle strength. We report an 8-year-old child with spastic cerebral palsy, 
who underwent Intraoperative Neurophysiology Monitoring (IONM) during SDR for treating his spasticity. Monitoring 
the state of the nervous system in “real-time” during surgery alerts surgeons of potential evolving neurologic injury 
thus improving safety and outcomes of SDR. To our knowledge, this is the first case in Iran who underwent IONM dur-
ing SDR. When there was no IONM, the results could not be satisfactory because in this procedure the surgeon may 
miss cutting enough affected dorsal rootlets so some spasticity might remain in the patient. Two months after the 
operation, the patient could walk independently while before the operation, he could not.
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ted to Chamran Hospital, affiliated to Shiraz University 
of Medical Sciences, with chief complaint of spastic-
ity. Until the age of 5, he was under antiepileptic drug 
medication (Sodium Valproate 20 mg/kg). However, his 
antiepileptic drugs was later tapered and stopped be-
cause he had no epilepsy for 2 consecutive years.  His 
cognitive functions were good as he could go to school 
and his learning abilities were similar to other children 
of the same age. His disease was not progressive until 
the age of 8 years. He had been undergone an adductor 
release surgery on his ankle to reduce dorsiflexion when 
he was 5 years old. The operation had reduced his scis-
soring gait, but his spasticity had not been significantly 
improved even by taking maximum dosage of antispas-
tic drug (Baclofen 10 mg BID).

Before the operation, the patient could sit down 
without help and his muscle power was good, but he 
had some difficulties in walking without help due to 
the spasticity. The patient’s examination before the 
operation revealed that he had more spasticity at 
the lower extremities, but lower spasticity at the up-
per extremities, and experienced fixed contracture at 
his ankle joints. In supine position, both of his lower 
extremities were flexed in both knees and hip joints. 
Other differential diagnoses such as neurodegenera-
tive disorders were rolled out by the neurosurgeon in 
the examination and the patient who had spastic cere-
bral diplegia was planned to undergo SDR. Therefore, 
he was referred to a neurosurgeon to perform SDR to 
reduce his spasticity and improve gait.

The patient was placed prone and the sonography was 
used to confirm the level of conus medullaris. For the 
induction of anesthesia, intravenous propofol and remi-
fentanil were administered without any medication for 
muscle relaxant to allow electrophysiological monitor-
ing. After antiseptic painting, an 8-cm skin incision was 
made in the midline and laminectomy of T12 and partial 

L1 was performed. The dura was opened longitudinally 
with the use of an intraoperative microscope. Intraop-
erative nerve monitoring, consisting of Motor Evoked 
Potentials (MEP), direct Nerve Root Stimulation (dNRS), 
and free run electromyography (fEMG), was performed 
during the operation. At the beginning and at the end 
of the operation, the MEP was performed to ensure of 
holding the motor power of the lower extremities. In 
order to do MEP, transcranial electrical stimulation was 
performed by inserting the subdermal electrodes at C3-
C4 scalp location and the MEP signals of 5 muscles, in-
cluding right and left abductor halluces, tibialis anterior, 
lateral gastrocnemius, semitendinosus, and vastus late-
ralis muscles were recorded. Direct nerve root stimula-
tion was performed by electrical stimulation of ventral 
and dorsal nerve rootlets using 90° bipolar hook elec-
trodes with 1 cm between poles. 

At first, L1 root was found at the left side from the re-
spected neural foramen and was traced back to conus 
medullaris. Then, L2 root was detected at the conus. Af-
ter meticulous arachnoid dissection and by considering 
any changes in electrophysiological signals, the dorsal 
root of L2 was safely separated from the ventral root so 
that a whitish cleft on the lateral side of the cord was 
clearly seen and a cotton patty was inserted between 
the dorsal and ventral root of L2. In the same way, the 
roots from L2 to S1 were dissected free from the ventral 
root and finally cotton patty was removed and replaced 
by small rubber sheet which separated the dorsal roots 
of L2 to S2 from the rest of ventral roots and also from 
adjacent proximal and distal roots. 

For confirming the visual differentiation between the 
ventral and dorsal roots, the roots were first stimulated 
by a single pulse of 1 to 3 mA. If the single pulse stimula-
tion of the root caused EMG response, the root was la-
beled as "ventral," otherwise it was labeled as "dorsal". 
Each dorsal root was divided into 3 to 4 rootlets and 

Table 1. EMG responses for dorsal rhizotomy of spastic cerebral palsy 

Grade EMG Responses

0 Unsustain or single discharge in response to train of stimulation

1 Sustain discharges from muscles innervated through the segment stimulated in the ipsilateral lower extremity

2 Sustain discharges from muscles innervated through the segment stimulated and immediately adjacent segment

3 Sustain discharges from muscles innervated through the segment stimulated, as well as muscles innervated through the 
segment distant to the stimulated segment

4 Sustain discharges from both ipsilateral and contralateral muscles
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each rootlet was suspended by hook electrodes. Then, 
while recording the EMG from the muscles, the dorsal 
rootlets were stimulated with pulses of 1-3 mA with a 
frequency of 50 Hz. EMG responses for dorsal rhizotomy 
of spastic CP were graded according to Table 1 (Adapted 
from Youmans Neurological Surgery, 7th Edition) [9]. s

Figure 1 demonstrates an example of the rootlet 
stimulation during the operation with EMG responses 
of varying grade. Dorsal rootlets with EMG responses 
of grades 3 or more were cut and this procedure was 
performed bilaterally for all dorsal roots of L2 to S1. 
During the operation, we were careful to detect any 

Table 2. The patient’s lower limb spasticity index based on modified Ashworth scale for spasticity

Item Before the Operation After the Operation Comments

Hip flexor 3 0

Hip extensor 2-3 0

Hip abductor 2-3 0

Hip adductor 2-3 0 Previous adductor release

Knee flexor 3 1

Knee extensor 2-3 1-0

Ankle flexor 4 3 Fixed contracture

Ankle extensor 4 3 Fixed contracture

Figure 1. Dorsal rootlet stimulation during the operation with EMG responses of varying grades

Right and left panes show the EMG response of right and left muscles. EMG traces from upper to lower in each pane correspond to abductor 
halluces, tibialis anterior, lateral gastrocnemius, semitendinosus, and vastus lateralis muscles. (a) EMG response of grade 1. (b) EMG response of 
grade 3. (c) EMG response of grade 4.
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sustained EMG responses by manipulating around the 
conus medullaris. For three times, we had to wait about 
5 minutes until EMG responses returned to normal be-
fore continuing the surgery. 

Table 2 presents the degree of the spasticity before 
and after the operation measured by the modified Ash-
worth scale [10]. The patient had voluntary urinary ex-
cretion 72 hours after the operation and had no motor 
neurological deficits. After the operation, the patient 
was hospitalized for 1 day at our intensive care unit and 
4 days later was discharged from the hospital. His motor 
power of the lower extremities in proximal and distal 
muscles was 4 out of 5, his saddle sensation was nor-
mal, and there was no urinary and stool incontinency. 
While he was in a supine position, both of his lower ex-
tremities were extended in both knees and hip joints. T

 Occupational therapy was begun at 2 weeks postoper-
atively. At 4 weeks after the operation, when the patient 
was revisited, he could walk about 10 m without help, 
his examination showed no sign of sensory deficits, uri-
nary, or stool incontinency. Two months after the opera-
tion, the patient could walk independently without help 
while before the operation, he could not.

3. Discussion

To our knowledge, this is the first case in Iran who under-
went IONM during SDR because dorsal rhizotomy in Iran 
has often been performed without IONM. When IONM is 
not available, the results cannot be satisfactory because 
the surgeon is unable to cut enough affected dorsal root-
lets and some spasticity may remain. Comparable to other 
studies, a strong decrease was found in the spasticity of 
our patient, measured with the Ashworth scale (a widely 
used scale for clinical assessment) [11]. His results were 
quite satisfactory and he could walk independently and 
without help just two months after the operation.

Selective dorsal rhizotomy is usually performed via mul-
tilevel laminectomies to access each specific root in neural 
foramen, usually from L1 to S1. However, it increases the 
risk of late lumbar spinal instability and injury to the ven-
tral roots. Another method is to perform laminectomy at a 
single level of the conus medullaris and separate posteri-
orly located dorsal roots that can be more easily separated 
from the ventral roots. It causes a significant reduction in 
the risk of the spinal instability, the duration of surgery, and 
injuries to the motor roots [12]. In our procedure, we per-
formed the latter method and dissected the sensory roots 
at the conus medullaris that was a very sensitive procedure 
calling for enough experience and delicacy. Electrophysi-

ological monitoring was used first to help differentiate be-
tween the ventral and dorsal roots and cutting the abnor-
mal sensory rootlets.

4. Conclusion

IONM helps the surgeon to feel comfortable and more 
confident about the safety of the operation at hand. Oth-
erwise speaking, surgeons can perform more high risk 
procedures with IONM. Selective dorsal rhizotomy with 
support of IONM can provide a permanent treatment for 
spasticity. It can be used in patients older than 2 years, but 
it is not recommended for patients younger than 2 years 
because spontaneous remission may occur when the pa-
tient is 1 year old [13, 14]. Although our case was 8 years 
old when he underwent the operation and had also fixed 
contracture at his ankle joints, our results were quite sat-
isfactory and was comparable to other studies [15]. After 
the operation, both of his lower extremities were extended 
in both knees and hip joints. It is worth to mention that if 
such patients undergo operation when they are about 2 to 
3 years old and they will have no fixed contracture at their 
joints, the procedure can have the best therapeutic effect. 
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