
277© Springer International Publishing AG 2018 
C.P. Panteliadis (ed.), Cerebral Palsy, https://doi.org/10.1007/978-3-319-67858-0_26

Dorsal Root Rhizotomy 
for the Treatment of Spasticity

Michael Vassilyadi

Abstract

Dorsal root rhizotomy (DRR) surgery is an effective, ablative, long-term 
treatment in young children with spastic diplegia and has maximal effec-
tiveness when combined with intensive physical and occupational thera-
pies. This neurosurgical operation should be considered when evaluating 
prospective patients in a multidisciplinary spasticity clinic. DRR provides 
benefit to carefully selected children with spasticity as a result of cerebral 
palsy where spasticity is the main factor compromising gait and motor 
function. The risk of surgical complications is low in experienced centres. 
Selective dorsal root rhizotomy (SDDR), which includes intraoperative 
electrophysiology and physical muscle monitoring, is strongly recom-
mended as an evidence-based procedure for reducing spasticity and 
improving gait kinematics. There is also evidence in the literature that 
SDDR improves gross motor function. Overall, the levels of satisfaction in 
adults who have undergone SDDR as children have been reported to be 
generally high, with no negative influence on life satisfaction. In most 
patients, the benefits remain throughout adolescences and adulthood.

26.1  Introduction

Dorsal root rhizotomy (DRR) is an evidence- 
based neurosurgical procedure that has been 
proven to offer a reduction in spasticity and an 
improvement in movement and posture in select 

patients afflicted with spastic diplegia, and less 
frequently in those with spastic quadriparesis, in 
both the short and long term [1–3]. As the proper 
selection of children is paramount to the success 
of this irreversible, ablative surgery, it is crucial 
to have an experienced multidisciplinary spastic-
ity team composed of a paediatric neurosurgeon, 
paediatric neurologist and/or paediatric physiat-
rist, paediatric orthopaedic surgeon, physiothera-
pist and occupational therapist, in addition to a 
nurse to coordinate the clinic and a social worker.

Children who benefit from DRR have a his-
tory of prematurity, low birth weight, pre- or 
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perinatal difficulties (such as prolonged intuba-
tion, low APGARS, intraventricular haemorrhage 
and seizures; see Chap. 6) and delayed motor 
milestones in the face of relative sparing of 
speech and intellect and are usually 3–8 years of 
age with no evidence of an evolving neurological 
condition. On physical examination there is 
velocity-dependent increase in tone, increased 
deep tendon reflexes and clonus with Babinski 
sign and scissoring gait with exaggerated lordo-
sis; there should be adequate underlying strength, 
good protective responses, good balance and 
absence of multiple orthopaedic procedures, 
fixed severe contractures or dystonic features.

Some centres have widened the age criteria for 
surgery to include children between 2 and 
14 years of age [4]. MacWilliams et al. [5] 
reported significant functional declines in chil-
dren with spastic diplegia who underwent SDDR 
(selective dorsal root rhizotomy) after the age of 
10 years and that these declines were worse than 
in children who did not undergo the surgery.

26.2  Patient Selection

In spastic diplegia, spasticity interferes primarily 
with the function of the lower extremities. 
Potential candidates for DRR surgery should 
have minimal evidence of dyskinesia and should 
be able to walk with or without assistive devices. 
Head and trunk control should be adequate for 
sitting upright without support and right in 
response to lateral challenges. There should be 
control of quadriceps and hip extensor muscles 
while rising to stand and returning to sitting, 
without the reliance on upper extremities for 
weight bearing. DRR is not recommended in chil-
dren with severe weakness in hip adductor or calf 
muscles.

Children with spastic quadriparesis (bilateral) 
can also be candidates for DRR. These children 
have both upper and lower extremity spasticity 
that interferes with passive movement, position-
ing and care. As in children with spastic diplegia, 
there should be minimal evidence of dyskinesia, 
no severe truncal hypotonia and a lack of severe 
fixed contractures at multiple joints requiring 

orthopaedic surgery. Consideration is given to 
children who can stand for transfers, but not if 
lower extremity spasticity aids in performance of 
the standing transfers.

In a systematic review of the literature, Grunt 
et al. [6] identified that selection criteria varied 
considerably with no consensus on the selection 
process, and most were not based on stan-
dardised measurements such as the International 
Classification of Functioning, Disability and 
Health. With well-selected patients there would 
be less heterogeneity with respect to the func-
tional benefits of SDDR.

A common classification used for preopera-
tive ambulatory abilities in children being evalu-
ated for DRR surgery is the five-level NYUMC 
(New York University Medical Center) system 
[7] where the best surgical outcome is found in 
Groups I, II and III [8]. Children that are inde-
pendent ambulators (Group I) have the best 
chance of improving the appearance and effi-
ciency of their walking. Group II consists of chil-
dren that walk with assistive mobility devices 
(such as canes, crutches and walkers) and are 
anticipated to improve the quality of locomotion 
with less assistance. Group III is children that are 
quadruped crawlers, and the expectation is that 
they improve at least to the level of using braces 
or assistive devices. Groups IV and V are non- 
ambulatory patients that are less likely to improve 
with DRR surgery and may be offered alternate 
therapies such as intrathecal baclofen (see Chap. 
25); however, there are recent reports of improve-
ments in these groups with DRR surgery [9, 10]. 
The Gross Motor Function Classification System 
(GMFCS) is also a five-level evidence-based sys-
tem for objective classification of motor disabil-
ity that is used in patients with cerebral palsy; for 
more see Chap. 22.

Dudley et al. [1] identified a long-term predic-
tive index for ambulation improvement based on 
four components: preoperative GMFCS assign-
ment, preoperative Gross Motor Function Measure 
(GMFM), distribution of spasticity and the 
Ashworth scale. The best candidates for surgery 
had spastic diplegia with GMFM scores >60 and 
hip adductor tone <3 corresponding to GMFCS 
groups I, II and III (see Chaps. 17 and 22).
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Grunt et al. [11] reported the potential predic-
tive value of brain MRI with respect to improve-
ment after SDRR surgery. The improvements in 
gross motor functioning were best in children 
with normal imaging and not significantly differ-
ent in patients with a history of hydrocephalus. 
The degree of improvement did not correlate 
with the severity of the periventricular leukoma-
lacia in children with spastic diplegia.

26.3  Surgical Treatment

DRR surgery is usually performed selectively 
and termed selective dorsal root rhizotomy 
(SDRR). Surgery involves performing a laminot-
omy, usually between L2 and L5 followed by 
partial sectioning an average of 15–70% of the 
dorsal (sensory) nerve rootlets from L2 to S2 at 
the level of the root exit foramina, with most cen-
tres cutting more than 40% of the rootlets and 
limiting the sectioning of the S2 roots [12]. 
Surgical approaches have also included perform-
ing limited laminectomies at either the level of 
the conus medullaris [13] or more caudal at L5/
S1 [14] and various forms of laminoplasty [15]. 
An absolute requirement for SDDR surgery is 
intraoperative monitoring with at least an eight- 
channel muscle response monitor [16]. 
Intraoperative stimulation of nerve roots and 
rootlets will differentiate less abnormal from 
more abnormal responses recorded from the 
biceps, quadriceps, hamstrings and gastrocne-
mius muscles on each side. Electrophysiologic 
abnormalities in dorsal nerve rootlets include:

• Spread to ipsilateral but abnormal myotomes
• Spread to contralateral myotomes
• Sustained, persistent firing throughout the 

stimulus duration
• Firing after stimulation cessation
• Crescendo/decrescendo responses [17]

During the SDRR surgery, a physiotherapist is 
present in the operating room to accurately docu-
ment the lower extremity muscle contractions by 
palpation. The involved paediatric neurologist or 
paediatric physiatrist is also present, with the neu-

rophysiology technician, and participates in the 
decision-making prior to definitive nerve rootlet 
sectioning. Operating time is usually 6–8 h.

Centres that perform partial, nonselective 
DRR surgery report similar results to SDRR 
without the added intraoperative time and cost of 
all the additional personnel. The scientific valid-
ity of neurophysiology monitoring and its role in 
nerve rootlet sectioning has been questioned [18, 
19]. Many of the original criteria have been 
revised several times and limited to a smaller 
number to assess if fewer rootlets can be sec-
tioned without changing outcome. Steinbok et al. 
[20] found that partial spasticity relief may be 
adequate to achieve a good functional outcome.

Contralateral and suprasegmental spread 
(upper extremities, neck and face) along with sus-
tained responses with incremental patterns are 
unique in children with spasticity [21]; all of the 
other electrophysiology patterns have been iden-
tified in children without spasticity, with even 
contralateral spread being questioned as an abso-
lute criteria for nerve rootlet sectioning [22].

Variability exists in the way SDRR surgery 
is performed, and electrophysiology responses 
obtained may differ substantially with only a slight 
alteration in technique [12]. Examples include the 
type of anaesthesia; the dissection of the dorsal root 
into rootlets; the type and placement of the elec-
trodes, e.g. their distance from the cerebrospinal 
fluid, from the ventral root, from the root exit fora-
men and the interelectrode distance; the tension 
applied; the placement of the cathode/node; the 
type of stimulator; the definition and determination 
of threshold; and the tetanic stimulation parameters 
(how much above the threshold intensity, frequency, 
duration). Important is the number of muscles used 
for recording and type of electrodes, the type of 
recording and interpretation of responses, the cor-
relation with palpable muscular responses and the 
decision of which rootlets to cut and which to spare 
[19]. In addition, other factors that may influence 
outcome include the disease process itself, which is 
primarily in the brain,  corticospinal tracts and dis-
organised spinal interneuron pools; DRR surgery 
attempts to reduce the disinhibition by sectioning 
dorsal nerve rootlets that are quite peripheral from 
the regions of pathology.

26 Dorsal Root Rhizotomy for the Treatment of Spasticity



280

26.4  Effectiveness

DRR provides benefit to carefully selected chil-
dren with spasticity as a result of cerebral palsy, 
as spasticity is the main factor compromising gait 
and motor function in these children. The report 
by Staudt et al. [16] demonstrates that the surgery 
is responsible for the improvements seen rather 
than the maturation of the child or physiotherapy 
alone. Intensive physiotherapy alone does not 
improve long-term motor outcome [23]. However, 
post-operative physiotherapy and occupational 
therapy are definitely required, usually after a 
5-day convalescent period, of which there are 
three components: (a) muscle stretching to gain 
mobility and range of motion, (b) muscle 
strengthening to increase endurance and (c) re- 
education to impart a better pattern of muscle 
use. This was also shown by Engsberg et al. [24] 
who found that the benefits of intensive physio-
therapy (gains in strength, gait speed and overall 
gross motor function) are compounded with the 
addition of SDRR surgery.

Results from many centres have shown spas-
ticity to be reduced after surgery, with loss of 
opposition between agonistic and antagonistic 
muscle groups, allowing for greater range of 
motion. Deep tendon reflexes decrease signifi-
cantly or disappear; the Babinski response may 
also disappear. Tone tends to normalise. Some 
patients may become hypotonic; muscle re- 
education and strengthening is particularly 
important in these cases. Gait velocity is 
improved with an increased stride length [25]. 
Assistive devices are reduced and orthotic needs 
may change. Sitting posture improves, there is no 
scissoring and movements are more isolated with 
less energy expenditure. Other improvements 
include speech, personality, seizure control, 
upper extremity function and bladder control 
[26]. Craft et al. [27] indicated that the improve-
ment in cognitive performance may not only be 
due to improved mood and reduced physical dis-
comfort but also possibly secondary to “supra-
segmental effects” induced by the DRR surgery. 
Bloom and Nazar [28] showed improvements in 
self-care, mobility and social functioning with 
less caregiver assistance. Mittal et al. [29] identi-

fied improvements in activities of daily living 
using a validated evaluation measure with the 
functional improvements persisting 3 and 5 years 
after surgery. In a separate publication, Mittal 
et al. [30] also showed a sustained upper extrem-
ity functional improvement in children in 
NYUMC Groups I, II and III. Assessments dur-
ing adolescence and early adulthood have shown 
lasting benefits [1, 31].

26.5  Complications 
and Side-Effects

Complications of DRR surgery are related to the 
medical status of the patients, the surgical expo-
sure and the potential neurological consequences 
of cauda equina manipulation and sectioning. In 
158 children who underwent SDDR, Steinbok 
and Schrag [32] identified intraoperative, imme-
diately post-operative and postdischarge compli-
cations that occurred in 3.8%, 43.6% and 30% of 
the patients, respectively. The most common 
intraoperative complication was aspiration pneu-
monia that occurred in 2 patients (1.3%). 
Perioperative complications included items such 
as emesis (59%), constipation (37%), skin rash 
(10%), dysesthesia (7.6%), headache (2.5%), uri-
nary retention (4.4%), dysuria (1.9%), wound 
infection (0.6%) and CSF leak in one patient 
(0.6%). Complications noted after discharge 
included back pain (delayed onset in 10.8% and 
severe in 2.7%), neurogenic bladder/bowel 
(12.7%; persisted in 5.1%), paraesthesia (6.3%), 
persistent sensory changes (3.8%), increased sei-
zures (2.5%), increased constipation (1.9%) and 
root compression in one patient (0.6%).

Golan et al. [33] reviewed the risks of post- 
operative spinal deformities and found that chil-
dren with more severe cerebral palsy were more 
likely to develop scoliosis after surgery. The less 
affected children that were ambulators were at 
risk of developing spondylolisthesis. In addition, 
older age at the time of surgery and female gen-
der were associated with greater post-operative 
lumbar lordosis (see Chap. 34). Chicoine et al. 
[34] found that the strongest predictor of 
improved ability to walk after SDRR was the 
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 preoperative gait score obtained quantitatively by 
videotaped gait analysis. O’Brien et al. [4] found 
that children in the 2–5 years age range improved 
their gait more than children operated between 6 
and 14 years of age, with less requirement for 
future orthopaedic surgery in the younger group 
(34% versus 70%). In a systematic review, Grunt 
et al. [2] found that there is lack of evidence that 
long-term spine abnormalities after SDDR sur-
gery can be attributed to the surgery itself.

In a recent systematic review of systematic 
reviews, SDDR was strongly recommended for 
reducing spasticity (moderate quality of evidence 
in the literature) and improving gait kinematics, 
e.g. low quality of evidence. There is evidence 
for SDDR to improve gross motor function, but 
weakly recommended for improving function 
and participation, such very low quality of evi-
dence [35]. Overall, the levels of satisfaction in 
adults who have undergone SDDR as children 
have been reported to be generally high, with no 
negative influence on life satisfaction [31]. In 
Chap. 25 “Intrathecal baclofen therapy for the 
control of spasticity” will discuss the treatment 
of spasticity using intrathecal baclofen and will 
compare the two treatment options of DRR sur-
gery and implantation of a programmable 
baclofen pump in children with cerebral palsy.
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