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Abstract
The objective of this review is to analyze the evidence supporting selective dorsal rhizotomy
(SDR) for the treatment of spastic cerebral palsy (CP). We reviewed 85 outcome studies from 12
countries between 1990 and 2017. The published results are overwhelmingly supportive of SDR,
and 39 studies form a basis for this review. Also included is some of the clinical experience of
the senior author.

The results show that SDR plus postoperative physiotherapy (PT) improved gait, functional
independence, and self-care in children with spastic diplegia. In adults with a follow-up of 20
to 28 years, the early improvements after childhood SDR were sustained and improved quality
of life. Furthermore, majority of the adults who underwent SDR as children would recommend
SDR to others. On the clinical side, while SDRs through multilevel laminectomies or
laminoplasty were associated with spinal deformities (i.e., scoliosis, hyperlordosis, kyphosis,
spondylolisthesis, spondylolysis, and nonhealing of laminoplasty), SDRs through a single level
laminectomy prevented SDR-related spinal problems. The outcomes of SDR specific to spastic
quadriplegia require further investigation because of the relatively small patient population
with quadriplegia. Lastly, we found that SDR can prevent or reverse premature aging in
adolescents and adults with spastic diplegia. In conclusion, the evidence supporting the
efficacy of SDR is strong, and SDR is a well-established option for spasticity management in
spastic CP.

Categories: Pediatrics, Pediatric Surgery, Neurosurgery
Keywords: cerebral palsy, gross motor function measure (gmfm), gross motor function classification
system, physical therapy, selective dorsal rhizotomy

Introduction And Background
In the last 30 years, selective dorsal rhizotomy (SDR) endured the test of time as a surgical
treatment plan for spastic cerebral palsy (CP) patients as many countries have adopted the
neurosurgical procedure. In 2010, a review panel at the National Institute for Health and Care
Excellence in England concluded that the evidence on the efficacy of SDR is “adequate” [1]. In
2013, the National Health Service in England issued a policy statement, “There is moderate
quality evidence that SDR plus physiotherapy in children resulted in significant improvement
in spasticity and gross motor function over the 12-month follow-up” [2]. In 2017, the Health
Quality Ontario of Canada reviewed studies of SDR between 1990 to 2016, and a review panel
concluded, “Lumbrosacral dorsal rhizotomy and physical therapy effectively reduces lower-
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limb spasticity in children with spastic cerebral palsy and significantly improves their gross
motor function and functional independence” [3]. There has been overwhelming evidence in
favor of the SDR treatment for patients with CP and our own experiences also provide
validation for the use of this procedure as a treatment plan.

Review
Functional outcome in adults after childhood SDR
The natural history of spastic CP is a decline of mobility and function with aging. Many
patients with spastic CP start to lose motor functions in adolescence and early adulthood partly
due to spasticity. In our experience, the reduction of spasticity with SDR can prevent or even
reverse premature aging (Videos 1, 2). If the post-SDR adult patients maintain or improve their
pre-SDR walking and functional status, the outcomes will be beneficial for SDR patients. Since
many patients who underwent SDR during childhood became adults in the last three decades,
mobility and other functions of adults treated with childhood SDR deserve investigation. We
studied 294 (36%) of 810 patients who underwent childhood SDR for spastic CP [4]. The follow-
up period was 2-28 years, and the age at the last follow-up was 18 to 37 years. In this patient
cohort, 84% had diplegia, 12% had quadriplegia, and 4% had triplegia. At the last follow-up,
87% of the 294 patients had Gross Motor Function Classification System (GMFCS) Levels I-III
and 13% had GMFCS Levels IV and V. Concerning postoperative improvement, 30% of patients
improved ambulatory function after SDR, and 53% had an ambulatory level similar to before
surgery. Concerning patient perception of SDR, 83% would recommend SDR to other children
with CP, 3% would not recommend the procedure, and 14% were unsure. A reason for being
unsure was the inability to recall how impactful the SDR was for patients during childhood. We
also examined living standards, education, employment, post-SDR treatment, pain, bladder
function, and sensory changes. We concluded that the beneficial effects of childhood SDR
extend to the quality of life in adulthood and ambulatory function without late side effects of
surgery. Hurvitz et al. also surveyed 88 adolescents and adults who received SDR as children [5].
They reached similar conclusions regarding the improved quality of life as our study did.

VIDEO 1: Effects of Selective Dorsal Rhizotomy (SDR) on
Premature Aging
Permission was given by the patients/parents to display patient identifying information in the videos.
 

View video here: https://youtu.be/GLGp11HGYNU
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VIDEO 2: Effects of Selective Dorsal Rhizotomy (SDR) on
Premature Aging
Permission was given by the patients/parents to display patient identifying information in the videos.

View video here: https://youtu.be/IQJgYBpnccM

Effects of SDR on functional outcome in 20-28 years
Our St. Louis group published ambulation outcomes for patients 20 to 28 years after SDR [6]. In
a population of 316 patients who underwent SDR as children from 1987 to 1996, 95 (30%)
patients between the ages of 23 to 37 participated in completing a survey. Spastic CP subtype
consisted of diplegia in 79%, quadriplegia in 20%, and triplegia in 1%. At the last follow-up,
42% noted improved ambulation level; 42% had an ambulation level similar to the preoperative
level; 14% stated decreased ambulation level. Before the procedure, 30% ambulated
independently; 4% ambulated with crutches/canes; 44% ambulated with walkers, and 22% were
nonambulatory. After the SDR procedure, 40% walked independently; 19% walked with
crutches/canes; 44% walked with walkers, and 19% were non-ambulatory. Our study showed
that 20 to 28 years after SDR, more patients walked independently or with crutches/canes and
fewer patients walked with walkers. Regarding the perception of SDR among patients, 88%
would recommend the surgery to others. If spasticity remained untreated, several patients
would have noted deteriorated walking abilities in adulthood. The Cape Town group reported
on locomotor function in 13 patients (age range 22-33 years) who underwent SDR as children
20 years earlier [7]. All patients had spastic diplegia and were ambulatory before surgery.
Patients received gait analysis preoperatively, and one, three, 10, and 20 years after SDR. Knee
and hip range of motion, cadence, and step length were assessed from the gait analysis. They
concluded that 20 years after SDR the patients showed improved locomotor function compared
to before SDR.

Effects of SDR on gross motor function in 5-17 years
The Montreal group reported Gross Motor Function Measure-88 (GMFM-88) scores at five, 10,
and 15 years [8]. The study included 62, 57, and 14 patients at the three follow-up points. Due
to the small number of children at the 15-year follow-up, it is difficult to assess the long-term
motor functions. Nevertheless, mean GMFM-88 scores in each of the five motor subdomains
significantly increased over baseline at each follow-up point. Of the ambulatory and
nonambulatory groups, only the ambulatory group (GMFCS Levels I-III) made a significant gain
in the gross motor function. Spasticity remained reduced at all follow-up points.

The Vancouver group reported a follow-up of 44 children undergoing SDR, which included both
ambulatory and nonambulatory children with spastic CP [9]. The GMFM-66 scores were
measured at five and 14 years of follow-up. In both groups, GMFM-66 scores increased at five-
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year follow-up, while the GMFM-66 scores were lower at the 14-year than the five-year follow-
up. At the 14-year follow-up, mean scores in nonambulatory patients declined and were no
longer distinct from baseline. In parallel with the change in motor function, quadriceps muscle
strength increased over baseline in both groups (more in ambulatory patients than in
nonambulatory patients at the five-year follow-up). Muscle strength remained significantly
higher at the 14-year follow-up in ambulatory groups.

The Amsterdam group reported on their 10-year follow-up of 28 children who were all
ambulatory before SDR [10]. Five years after SDR, mean GMFM-66 scores improved in 10 out of
28 children. Ten years after SDR, mean GMFM-66 scores improved in six out of 20 children.
None of the children showed deterioration of gross motor function during the follow-up period. 

The Lund group reported five-year follow-up of 35 children with spastic diplegia [11].
Preoperative GMFCS Levels were l-lll in 19 children and IV-V in 16 children. They all received
physiotherapy (PT) before/after surgery, and all children were evaluated preoperatively and at
six, 12, 18, 36, 60 months postoperatively. In the ambulating group (GMFCS Levels l-lll), seven
of the nine children gradually increased their motor goal scores over follow-up. In the assisted
ambulation group (GMFCS lV-V), nine of the ten children increased their motor score. Overall,
84% (16/19) of the ambulating group improved their motor scores, and no major complications
occurred postoperatively. It is important to note that during the five years of follow-up, 15
children (42%) had orthopedic surgery in the lower extremities. The authors concluded that
“SDR is a safe and effective method for reducing spasticity permanently without major negative
side effects. In combination with physiotherapy, in a group of carefully selected and
systematically followed young children with spastic diplegia, it provides lasting functional
benefits over a period of at least five years postoperatively.”

The Stockholm group reported functional outcomes 17 years after the SDR, and a total of 19
children with spastic diplegia underwent SDR in Stockholm between 1993 and 1997 [12].
Seventeen of them completed evaluations before SDR, and at three years, 10 years, and 15 to 19
years (mean 17 years) after surgery; however, the authors did not mention postoperative
physical therapy protocol. They report that spasticity remained reduced over the baseline at all
follow-up points. Mean GMFM-88 scores improved at three years but declined at 10 and 17
years. GMFM-88 scores before SDR and 17 years after SDR were largely comparable. Although
the authors did not elaborate, a figure in the report indicates that the GMFM-88 remained
improved in patients who had GMFCS l-ll and walked independently before surgery. During the
17 years after SDR, nearly all patients underwent a total of 68 orthopedic surgeries, including
hip surgery in 10 patients. The authors concluded that SDR does not improve long-term motor
functions nor prevents contractures.

Effects of SDR on gross motor function in two years or less
Eighteen studies evaluated patient follow-up of two years or less with GMFM. Three
randomized trials compared motor functions of children with spastic diplegia who received SDR
followed by PT against those who received only PT [13, 14, 15]. The study cohort was relatively
small with 24, 29, and 38 children, respectively. All rhizotomies were performed through a
multilevel lumbosacral laminectomy more than 20 years ago with varied techniques, and
physical therapy protocols also varied across the three centers. The Vancouver and Toronto
groups reported positive results [13, 15]. At 9 and 12 months after surgery, the SDR-PT group
made more improvements in GMFM than the PT-only group, and all children in the two studies
showed a reduction in lower limb spasticity. In contrast, the Seattle group found no significant
improvement of GMFM at the one-year and two-year follow-up [15]. We attribute the lack of
changes in the patients to cutting only 25% of the dorsal rootlets at surgery. Signs of spasticity
persisted in 90% (19 of 21 children) of the study cohort after surgery. A subsequent meta-
analysis of the three studies showed that the increased rate of dorsal rootlet cutting results in
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improvement of GMFM scores.

The St. Louis group reported a comparative non-randomized study that included a large study
cohort [16]. The study examined 68 children with spastic diplegia and 40 non-disabled children.
All diplegic children studied were independent or dependent ambulators (GMFCS levels l-lll).
Thirty-one children were in the SDR-PT group, while 37 children were in the PT-only group.
Forty nondisabled children were compared to the CP groups. SDR was performed through a
single-level laminectomy at the L-1. After discharge, the SDR-PT group received PT from
therapists in their hometowns, and the PT-only group received the same number of PT sessions.
At eight and 20 months after surgery, GMFM scores, Gross Motor Activity Estimator (GMAE),
spasticity, strength, and gait kinematics and speed were examined. The overall findings
indicated that SDR offers a reduction of spasticity and gains in gross motor function, strength,
and gait speed.

Effects of SDR on rate of orthopedic surgery
Our group reported three studies outlining the need for orthopedic surgery after SDR. In the
first study, we examined the rate of orthopedic surgery pre- and post-SDR in a combined group
of diplegic, quadriplegic, and hemiplegic children [17]. There were 116 diplegic, 58 quadriplegic,
and four hemiplegic patients. The age at SDR ranged from two to nineteen years with follow-up
intervals ranging from 24 to 70 months. They were divided into two age groups: two to four
year olds (Group I, 54 children) and five to nineteen year olds (Group II, 124). The orthopedic
surgeries included heel cord, iliopsoas, and hamstring release, femoral and ankle/ foot
osteotomy, and other surgeries. At the time of the last follow-up review, 68 (38%) of 178
patients had undergone at least one orthopedic operation before and after SDR. The rate of
operation was 22% in Group I and 45% in Group II. Those who underwent SDR during an earlier
age had lower rates of subsequent orthopedic surgery than those who underwent the procedure
at a later age.

In the second study, we examined orthopedic surgery after SDR in relation to ambulatory status
and age at SDR in spastic diplegia for 158 diplegic child patients [18]. They were grouped into
independent or assisted walkers, and the follow-up period was five to nine years. The age at
time of SDR was as follows: two to three years old (Group 1), four to seven years (Group 2), and
eight to fourteen years (Group 3). There were 59, 73, and 26 patients in Groups 1, 2, and 3,
respectively. The overall rates of orthopedic surgery at last follow-up in all three age groups
combined were 24% for independent walkers and 51% for assisted walkers. When divided by age
group, the rates of orthopedic operations for independent and assisted walkers were 21 and
50%, 27 and 50%, and 21 and 58% for Groups 1, 2, and 3, respectively. Of the 158 patients
studied, 127 underwent no orthopedic surgery before SDR. We found that the overall rate of
orthopedic surgery five to nine years after SDR was 23% among independent walkers and 47%
among assisted walkers. In all age groups combined, 25% of independent walkers and 44% of
assisted walkers required orthopedic surgery in the follow-up period. Those who underwent
SDR during ages two to three had a similar rate of orthopedic surgery, regardless of pre-SDR
gait status (43% compared with 38%). By contrast, in the two groups of older patients (4-7 and
8-14 years), those who walked independently at the time of SDR underwent fewer orthopedic
operations after rhizotomy than those who needed assistance walking.

In the third study, we examined the relationship between age and orthopedic surgery after SDR
for spastic quadriplegia [19]. The study cohort consisted of 52 children who were followed for
five to nine years post-SDR. Orthopedic procedures were recorded for two groups: patients two
to five years of age (Group 1, 36 patients) and those six to fourteen years old (Group 2, 16
patients). Eleven percent of patients in the two- to five-year-old group and 38% in the six- to
fourteen-year-old group had undergone orthopedic procedures before SDR. All orthopedic
operations before SDR were soft-tissue procedures on the adductors, hamstrings, and heel
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cords. No patient in the two- to five-year-old age group underwent hamstring release before
SDR. We examined the frequency of orthopedic operations among patients who had undergone
no orthopedic surgery before SDR. The frequency was higher among the six- to fourteen-year-
old age group than in the two- to five-year-olds (70% compared with 34%). Orthopedic
operations after SDR, including derotational osteotomy for hip subluxation or femoral torsion,
were more varied in the two- to five-year-old group. In the six- to fourteen-year-old group, the
most common procedure after SDR was hamstring release. No patient in either group
underwent spine surgery. In conclusion, early SDR (at the age of two to five years) may reduce
the frequency of post-SDR orthopedic operations.

Effects of SDR on hip subluxation
Children with CP are at risk of developing progressive hip subluxation and dislocation. The risk
of hip displacement is higher in nonambulatory spastic quadriplegic children. Hip instability
after dorsal rhizotomy was first reported by Greene et al. in a small patient cohort consisting of
six children, five of whom had spastic quadriplegia [20]. Park et al. reported the effects of SDR
on hip subluxation in 67 diplegic children ranging from ages two to eleven with a follow-up
period of 6-46 months [21]. At the last follow-up, hip migration remained unchanged in 75% of
patients, improved in 17%, and worsened in 7%; thus, 93% of all hips were stable after SDR. We
also studied 45 quadriplegic children aged two to nine years (follow up 7-50 months) [22].
Among the 90 hips examined, 9% improved, 80% remained unchanged, and 11% worsened,
yielding a radiographic stability rate of 89%. The data indicates that SDR halts hip subluxation
due to spastic diplegia or quadriplegia. Two other studies found a positive effect or no effect on
hip joint subluxation rather than a deleterious effect [23, 24].

Effects of SDR on bladder function
Approximately a third of children with CP present with dysfunctional voiding symptoms. Three
reports evaluated the impact of SDR on bladder function by comparing preoperative and
postoperative symptoms, and urodynamic studies. Sweester et al. studied 34 children over the
age of three, and video urodynamic study was performed in a subset of patients [25]. They
found that nearly all patients with quadriplegia were incontinent before SDR, and none
improved bladder control postoperatively. Almost half of the patients with diplegia who were
incontinent before SDR gained continence postoperatively. They conclude that SDR can
improve bladder capacity and control in diplegic children. Houle et al. reported on urodynamic
studies in 40 children with a mean age of five [26]. Urodynamics were performed preoperatively
in 22 patients, preoperatively and postoperatively in 13, and postoperatively in five. They
concluded that at least half of the children with spastic CP had clinically silent bladder
dysfunction. In the study by Chiu et al., 51 children had preoperative urodynamic studies, and
20 children had both preoperative and postoperative urodynamic studies [27]. They concluded
that SDR significantly improved urgency, frequency, incontinence, and urodynamic bladder
capacity in a significant proportion of children with spastic cerebral palsy.

Spinal deformities after SDR via multilevel laminectomy and
laminoplasty
Until several years ago, SDR was performed most commonly through a multilevel lumbosacral
laminectomy. Various reports documented the increased incidence of post-SDR spinal
deformities after the multilevel laminectomy in children, i.e., back pain, scoliosis, kyphosis,
lordosis, spondylolysis, spondylolisthesis, spinal stenosis, and non-healing laminoplasty. Peter
et al. reported scoliosis in 16%, kyphosis in 5%, lordosis in 7%, and
spondylolysis/spondylolisthesis in 9% of children, all of whom underwent five-level
laminectomies [28]. Langerak et al. reported on 30 ambulatory patients who underwent L2-S1
laminectomies [29]. At 17 to 26 years after surgery, they compared preoperative and
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postoperative spine radiographs. At the last follow-up, scoliosis absent before rhizotomy
occurred in 57% after rhizotomy, kyphosis absent before rhizotomy occurred in 7%, lordosis
present in 21% before rhizotomy occurred in 40% after rhizotomy, and spondylolysis present in
18% before rhizotomy occurred in 37% after rhizotomy. Spondylolisthesis grade I occurred in
one patient, spinal stenosis on MRI was present in 27%, and daily back pain occurred in 17%.
Steinbok et al. studied 104 patients undergoing the various multilevel laminoplasties at T-12 to
S-1, and one patient receiving the same level laminectomy [30]. At last follow up, 55% had
scoliosis, and among them, five patients had improved scoliosis, while 26 patients exhibited
worsened scoliosis. Additionally, four patients exhibited improved kyphosis, while 14 patients
reported worsened kyphosis. Lastly, two patients showed improved lordosis, while 17 exhibited
worsened lordosis. Golan et al. reported on 98 children who received multilevel L1-S1
laminoplasty, SDR and significant findings included the postoperative incidence of L5-S1
spondylolisthesis at 19% and spondylolysis of the L5 at 10% [31].

Spiegel et al. studied 77 ambulatory children treated by SDR with L1-L5 laminoplasty [32]. The
mean radiographic follow-up was four years, and none of the children had either scoliosis or
spondylolisthesis before rhizotomy. After rhizotomy, scoliosis was present in 17%, and
spondylolisthesis was present in 12%. The degree of thoracic kyphosis and lumbar lordosis did
not change after rhizotomy. In addition, healing of laminoplasty was examined. The percentage
of patients with nonunion at either one or both sides of the laminoplasty was as follows: L1,
0%; L2, 1%; L3, 8%; L4, 35%; and L5, 46%. Twenty-nine percent had evidence of nonunion at
both L4 and L5, and 6% at L3 through L5. Turi and Kalen reported on the wide L2 to S1
laminectomies on 46 children and one adult [33]. The follow-up ranged from two to nine years.
They found 28 significant spinal deformities in 19 patients, scoliosis in 15 patients, lumbar
hyperlordosis in seven patients, thoracic hyperkyphosis in five patients, and L4-5
spondylolisthesis in one patient. For the entire group, the risk of developing a structural spinal
deformity was 36% after SDR.

St. Louis Children’s Hospital experience
From 1987 to 2018, we have performed SDR on 3,897 children and adults 2-49 years old (Tables
1-3). In 1991, we developed the SDR procedure via a single level laminectomy [34, 35]. The less
invasive SDR procedure enabled a broad range of patients to benefit from receiving the surgery.
Pre-existing spondylolisthesis, lordosis, mild scoliosis, and trunk weakness did not preclude our
SDR procedure. We reported the beneficial short- and long-term surgical outcomes of our
patients [4, 6, 16, 17-19, 21, 22, 36-39]. In 2009, we started a combined treatment with the less
invasive SDR followed by less invasive orthopedic surgery to lengthen the hamstrings,
gastrocnemius, or heel cord. The novel treatment rapidly improved walking and motor
functions in our patients (Videos 2, 3). The outcome report is in preparation.

VIDEO 3: Effects of Selective Dorsal Rhizotomy (SDR) on Motor
Functions
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Permission was given by the patients/parents to display patient identifying information in the videos.
 

View video here: https://youtu.be/v2_Cela4J_A

Age (years)  Number of Patients

2-3  1,089 (28%)

4-6  1,660 (43%)

7-10  697 (18%)

11-16  311 (7%)

17-50  140 (4%)

Total  3,897 (100%)

TABLE 1: Age at the Time of Selective Dorsal Rhizotomy (SDR) Surgery

Ambulation Level  Number of Patients

Independent ambulation 1,447 (37%)  

Ambulation with crutch  245 (6%)

Ambulation with walker  1,702 (44%)

Take steps with support  258 (7%)

No ambulation   245 (6%)

Total  3,897 (100%)

TABLE 2: Ambulation at the Time of Selective Dorsal Rhizotomy (SDR) Surgery

2018 Park et al. Cureus 10(10): e3466. DOI 10.7759/cureus.3466 8 of 12



 Subtypes of CP  Number of Patients

Spastic diplegia  3,076 (79%)

Spastic quadriplegia  513 (13%)

Spastic triplegia  247 (6%)

Spastic hemiplegia  61 (2%)

Total  3,897 (100%)

TABLE 3: Subtypes of Cerebral Palsy (CP)

Spasticity damages the musculoskeletal systems in children and adults, and there is no
evidence indicating the benefits of CP spasticity. Moreover, spasticity does not disappear
spontaneously. Ideally, CP spasticity must be removed at an early stage of development. In our
series of patients, SDR has removed CP spasticity permanently without adverse effects. Our
preferred age for SDR is two to three years. We performed SDR on 1,089 children two to three
years old and 1,660 on children four to six years old (Table 1). The advantages of SDR at a
young age include ability to develop motor functions free of spasticity, decreased severity of
functional decline during growth spurts, fewer deformities and orthopedic surgeries, and
reduced burden of spasticity management.

We also performed SDR on 139 adults 18 to 49 years old. All of the adult patients sought SDR
because of the symptoms of early aging (i.e., increasing body pain and a decline of strength,
endurance, mobility, and balance). Nearly all patients selected for SDR were independent
ambulators and received orthopedic surgery previously. In the adults, SDR reduced spasticity
and resolved most symptoms of early aging (Videos 1, 2). They resumed better strength,
endurance, balance, and quality of walking. Also, they experienced significantly reduced severe
body pain and resumed outdoor activities including recreational sports. A few patients who
received no postoperative rehabilitation failed to improve. The fact that the delayed SDR in
adulthood can reverse the natural course of the early aging process is significant since adult
population with spastic CP will increase in the future.

Concerning mobility before SDR, 1,447 of our patients walked independently without devices.
We learned that children with mild spastic diplegia lose motor functions after seven to ten years
of age. Those who walk independently in early childhood reported deteriorated motor function,
which requires them to use a device to assist in walking as adults. SDR did not change the
GMFCS Levels of the independent walkers, but the quality of walking, balance, sitting, and
strength invariably improved. They started enjoying vigorous physical activities and
participated in sports, which were impossible before SDR due to spasticity. Also, as shown in
our recent studies, childhood SDR prevents early aging and eventual loss of independent
walking as they approach 50 years of age.

For 30 years, we have been in contact with patients after SDR. Immediate postoperative
complications are infrequent and treatable. Of our 3,897 patients, three patients developed a
wound infection and received intravenous antibiotics treatment. Seven patients developed CSF
leak and required surgical repair. In the long-term, SDR via single level laminectomy has been
proven to be safe. Only two patients developed L1-T12 kyphosis and underwent spine fusion. A
small portion of patients persisted with numbness and diminished sensation in small areas of
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the lower limbs. No patient developed urinary incontinence or muscle weakness directly related
to rhizotomy. Overall, the major complications occurred in 0.3% of patients.

Conclusions
There is sufficient evidence supporting the short and long-term benefits of SDR. The evidence
indicates that SDR can reduce spasticity permanently and eliminate neurological complications
in patients with spastic CP. Furthermore, while SDR through a multilevel laminectomy or
laminotomy can cause spinal deformities, SDR through a single-level laminectomy can prevent
spinal deformities. All the evidence points to overwhelming support for SDR as a treatment
plan. We will continue to gather support for our claim that SDR can change the lives of patients
forever.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

References
1. Selective dorsal rhizotomy for spasticity in cerebral palsy . (2010). Accessed: July 5, 2018:

http://www.britscoliosissoc.org.uk/data/documents/NICE%20guidance%20SDR.pdf.
2. NHS commissioning board clinical commissioning policy statement: selective dorsal

rhizotomy (SDR). (2013). Accessed: July 5, 2018:
https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2013/04/e09-ps-
a.pdf.

3. Health Quality Ontario: Lumbosacral dorsal rhizotomy for spastic cerebral palsy: a health
technology assessment. Ont Health Technol Assess Ser. 2017, 17:1-186.

4. Park TS, Edwards C, Liu JL, Walter DM, Dobbs MB: Beneficial effects of childhood selective
dorsal rhizotomy in adulthood. Cureus. 2017, 9:e1077. 10.7759/cureus.1077

5. Hurvitz EA, Marciniak CM, Daunter AK, et al.: Functional outcomes of childhood dorsal
rhizotomy in adults and adolescents with cerebral palsy. J Neurosurg Pediatr. 2013, 11:377-
488. 10.3171/2013.1.PEDS12311

6. Park TS, Liu JL, Edwards C, Walter DM, Dobbs MB: Functional outcomes of childhood
selective dorsal rhizotomy 20 to 28 years later. Cureus. 2017, 9:380-88. 10.7759/cureus.1256

7. Langerak NG, Lamberts RP, Fieggen AG, Peter JC , Van der Merwe L, Peacock WJ, Vaughan CL:
A prospective gait analysis study in patients with diplegic cerebral palsy 20 years after
selective dorsal rhizotomy. J Neurosurg Pediatr. 2008, 1:180-186. 10.3171/PED/2008/1/3/180

8. Dudley RW, Parolin M, Gagnon B, et al.: Long-term functional benefits of selective dorsal
rhizotomy for spastic cerebral palsy. J Neurosurg Pediatr. 2013, 12:97-201.
10.3171/2013.4.PEDS12539

9. Ailon T, Beauchamp R, Miller S, Mortenson P, Kerr JM, Hengel AR, Steinbok P: Long-term
outcome after selective dorsal rhizotomy in children with spastic cerebral palsy. Childs Nerv
Syst. 2015, 31:415-423. 10.1007/s00381-015-2614-9

10. Van Schie PE, Schothorst M, Dallmeijer AJ, Vermeulen RJ, van Ouwerkerk WJ, Strijers RL,
Becher JG: Short and long-term effects of selective dorsal rhizotomy on gross motor function
in ambulatory children with spastic diplegia. J Neurosurg Pediatr. 2011, 7:557-562.
10.3171/2011.2.PEDS10452

11. Nordmark E, Josenby AL, Lagergren J, Andersson G, Stromblad LG, Westbom L: Long-term
outcomes five years after selective dorsal rhizotomy. BMC Pediatr. 2008, 8:54. 10.1186/1471-

2018 Park et al. Cureus 10(10): e3466. DOI 10.7759/cureus.3466 10 of 12

http://www.britscoliosissoc.org.uk/data/documents/NICE guidance SDR.pdf
http://www.britscoliosissoc.org.uk/data/documents/NICE guidance SDR.pdf
https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2013/04/e09-ps-a.pdf
https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2013/04/e09-ps-a.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5515320/
https://dx.doi.org/10.7759/cureus.1077
https://dx.doi.org/10.7759/cureus.1077
https://dx.doi.org/10.3171/2013.1.PEDS12311
https://dx.doi.org/10.3171/2013.1.PEDS12311
https://dx.doi.org/10.7759/cureus.1256
https://dx.doi.org/10.7759/cureus.1256
https://dx.doi.org/10.3171/PED/2008/1/3/180
https://dx.doi.org/10.3171/PED/2008/1/3/180
https://dx.doi.org/10.3171/2013.4.PEDS12539
https://dx.doi.org/10.3171/2013.4.PEDS12539
https://dx.doi.org/10.1007/s00381-015-2614-9
https://dx.doi.org/10.1007/s00381-015-2614-9
https://dx.doi.org/10.3171/2011.2.PEDS10452
https://dx.doi.org/10.3171/2011.2.PEDS10452
https://dx.doi.org/10.1186/1471-2431-8-54
https://dx.doi.org/10.1186/1471-2431-8-54


2431-8-54
12. Tedroff K, Löwing K, Jacobson DN: Åström E. Does loss of spasticity matter? A 10-year follow-

up after selective dorsal rhizotomy in cerebral palsy. Dev Med Child Neurol. 2011, 53:724-729.
10.1111/j.1469-8749.2011.03969.x

13. Steinbok P, Reiner AM, Beauchamp R, Armstrong RW, Cochrane DD: A randomized clinical
trial to compare selective posterior rhizotomy plus physiotherapy with physiotherapy alone in
children with spastic diplegic cerebral palsy. Dev Med Child Neurol. 1997, 39:178-184.
Accessed: July 5, 2018: 10.1111/j.1469-8749.1997.tb07407.x

14. McLaughlin JF, Bjornson KF, Astley SJ, et al.: Selective dorsal rhizotomy: efficacy and safety
in an investigator-masked randomized clinical trial. Dev Med Child Neurol. 1998, 40:220-232.
10.1111/j.1469-8749.1998.tb15454.x

15. Wright FV, Sheil EM, Drake JM, Wedge JH, Naumann S: Evaluation of selective dorsal
rhizotomy for the reduction of spasticity in cerebral palsy: a randomized controlled trial. Dev
Med Child Neurol. 1998, 40:239-247. 10.1111/j.1469-8749.1998.tb15456.x

16. Engsberg JR, Ross SA, Collins DR, Park TS: Effect of selective dorsal rhizotomy in the
treatment of children with cerebral palsy. J Neurosurg. 2006, 105:8-15.
10.3171/ped.2006.105.1.8

17. Chicoine MR, Park TS, Kaufman BA: Selective dorsal rhizotomy and rates of orthopedic
surgery in children with spastic cerebral palsy. J Neurosurg. 1997, 86:34-39.
10.3171/jns.1997.86.1.0034

18. O’Brien DF, Park TS, Puglisi JA, Collins DR, Leuthardt EC, Leonard JR: Orthopedic surgery
after selective dorsal rhizotomy for spastic diplegia in relation to ambulatory status and age. J
Neurosurg. 2005, 103:5-9. 10.3171/ped.2005.103.1.0005

19. O’Brien DF, Park TS, Puglisi JA, Collins DR, Leuthardt EC: Effect of selective dorsal rhizotomy
on need for orthopedic surgery for spastic quadriplegic cerebral palsy: long-term outcome
analysis in relation to age. J Neurosurg. 2004, 101:59-63. 10.3171/ped.2004.101.2.0059

20. Greene WB, Dietz FR, Goldberg MJ, Gross RH, Miller F, Sussman MD: Rapid progression of hip
subluxation in cerebral palsy after selective posterior rhizotomy. J Pediatr Orthop. 1991,
11:494-7.

21. Park TS, Vogler GP, Phillips LH, Kaufman BA, Ortman MR, McClure SM, Gaffney PE: Effects of
selective dorsal rhizotomy for spastic diplegia on hip migration in cerebral palsy. Pediatr
Neurosurg. 1994, 20:43-49. 10.1159/000120763

22. Heim RC, Park TS, Vogler GP, Kaufman BA, Noetzel MJ, Ortman MR: Changes in hip
migration after selective dorsal rhizotomy for spastic quadriplegia in cerebral palsy. J
neurosurg. 1995, 82:567-571. 10.3171/jns.1995.82.4.0567

23. Floeter N, Lebek S, Bakir MS, Sarpong A, Wagner C, Haberl EJ, Funk JF: Changes in hip
geometry after selective dorsal rhizotomy in children with cerebral palsy. Hip Int. 2014,
24:638-643. 10.5301/hipint.5000142

24. Hicdonmez T, Steinbok P, Beauchamp R, Sawatzky B: Hip joint subluxation after selective
dorsal rhizotomy for spastic cerebral palsy. J Neurosurg. 2005, 103:10-16.
10.3171/ped.2005.103.1.0010

25. Sweetser PM, Badell A, Schneider S, Badlani GH: Effects of sacral dorsal rhizotomy on bladder
function in patients with spastic cerebral palsy. Neurourol Urodyn. 1995, 14:57-64.
10.1002/nau.1930140110

26. Houle AM, Vernet O, Jednak R, Pippi Salle JL, Farmer JP: Bladder function before and after
selective dorsal rhizotomy in children with cerebral palsy. J Urol. 1998, 160:1088-1091.
10.1016/S0022-5347(01)62704-6

27. Chiu PK, Yam K, Lam T, et al.: Does selective dorsal rhizotomy improve bladder function in
children with cerebral palsy?. Int Urol Nephrol. 2014, 46:1929-1933. 10.1007/s11255-014-
0770-6

28. Peter JC, Hoffman EB, Arens LJ, Peacock WJ: Incidence of spinal deformity in children after
multiple level laminectomy for selective posterior rhizotomy. Childs Nerv Syst. 1990, 6:30-32.
10.1007/BF00262263

29. Langerak NG, Vaughan CL, Hoffman EB, Figaji AA, Fieggen AG, Peter JC: Incidence of spinal
abnormalities in patients with spastic diplegia 17 to 26 years after selective dorsal rhizotomy.
Childs Nerv Syst. 2009, 25:1593-1603. 10.1007/s00381-009-0993-5

30. Steinbok P, Hicdonmez T, Sawatzky B, Beauchamp R, Wickenheiser D: Spinal deformities
after selective dorsal rhizotomy for spastic cerebral palsy. J Neurosurg. 2005, 102:363-373.

2018 Park et al. Cureus 10(10): e3466. DOI 10.7759/cureus.3466 11 of 12

https://dx.doi.org/ 10.1111/j.1469-8749.2011.03969.x
https://dx.doi.org/ 10.1111/j.1469-8749.2011.03969.x
https://dx.doi.org/10.1111/j.1469-8749.1997.tb07407.x
https://dx.doi.org/10.1111/j.1469-8749.1997.tb07407.x
https://dx.doi.org/10.1111/j.1469-8749.1998.tb15454.x
https://dx.doi.org/10.1111/j.1469-8749.1998.tb15454.x
https://dx.doi.org/10.1111/j.1469-8749.1998.tb15456.x
https://dx.doi.org/10.1111/j.1469-8749.1998.tb15456.x
https://dx.doi.org/10.3171/ped.2006.105.1.8
https://dx.doi.org/10.3171/ped.2006.105.1.8
https://dx.doi.org/10.3171/jns.1997.86.1.0034
https://dx.doi.org/10.3171/jns.1997.86.1.0034
https://dx.doi.org/10.3171/ped.2005.103.1.0005
https://dx.doi.org/10.3171/ped.2005.103.1.0005
https://dx.doi.org/10.3171/ped.2004.101.2.0059
https://dx.doi.org/10.3171/ped.2004.101.2.0059
https://www.ncbi.nlm.nih.gov/pubmed/1860950
https://dx.doi.org/10.1159/000120763
https://dx.doi.org/10.1159/000120763
https://dx.doi.org/10.3171/jns.1995.82.4.0567
https://dx.doi.org/10.3171/jns.1995.82.4.0567
https://dx.doi.org/10.5301/hipint.5000142
https://dx.doi.org/10.5301/hipint.5000142
https://dx.doi.org/10.3171/ped.2005.103.1.0010
https://dx.doi.org/10.3171/ped.2005.103.1.0010
https://dx.doi.org/10.1002/nau.1930140110 
https://dx.doi.org/10.1002/nau.1930140110 
https://dx.doi.org/10.1016/S0022-5347(01)62704-6
https://dx.doi.org/10.1016/S0022-5347(01)62704-6
https://dx.doi.org/10.1007/s11255-014-0770-6
https://dx.doi.org/10.1007/s11255-014-0770-6
https://dx.doi.org/10.1007/BF00262263
https://dx.doi.org/10.1007/BF00262263
https://dx.doi.org/10.1007/s00381-009-0993-5
https://dx.doi.org/10.1007/s00381-009-0993-5
https://dx.doi.org/10.3171/ped.2005.102.4.0363


10.3171/ped.2005.102.4.0363
31. Golan JD, Hall JA, O’Gorman G, Poulin C, Benaroch TE, Cantin MA, Farmer JP: Spinal

deformities following selective dorsal rhizotomy. J Neurosurg. 2007, 106:441-449.
10.3171/ped.2007.106.6.441

32. Spiegel DA, Loder RT, Alley KA, Rowley S, Gutknecht S, Smith-Wright DL, Dunn ME: Spinal
deformity following selective dorsal rhizotomy. J Pediatr Orthop. 2004, 24:30-36.

33. Turi M, Kalen V: The risk of spinal deformity after selective dorsal rhizotomy . J Pediatr
Orthop. 2000, 20:104-107.

34. Park TS, Gaffney PE, Kaufman BA, Molleston MC: Selective lumbosacral dorsal rhizotomy
immediately caudal to the conus medullaris for cerebral palsy spasticity. Neurosurgery. 1993,
33:929-33. 10.1097/00006123-199311000-00026

35. Park TS, Johnston JM: Surgical techniques of selective dorsal rhizotomy for spastic cerebral
palsy. Technical note. Neurosurg Focus. 2006, 21:7. 10.3171/foc.2006.21.2.8

36. Craft S, Park TS, White DA, Schatz J, Noetzel M, Arnold S: Changes in cognitive performance
in children with spastic diplegic cerebral palsy following selective dorsal rhizotomy. Pediatr
Neurosurg. 1995, 23:68-74. 10.1159/000120939

37. Engsberg JR, Olree KS, Ross SA, Park TS: Spasticity and strength changes as a function of
selective dorsal rhizotomy. Neurosurg Focus. 1998, 4:e4.

38. Engsberg JR, Ross SA, Wagner JM, Park TS: Changes in hip spasticity and strength following
selective dorsal rhizotomy and physical therapy for spastic cerebral palsy. Dev Med Child
Neurol. 2002, 44:220-226. 10.1111/j.1469-8749.2002.tb00796.x

39. Reynolds MR, Ray WZ, Strom RG, Blackburn SL, Lee A, Park TS: Clinical outcomes after
selective dorsal rhizotomy in an adult population. World Neurosurg. 2011, 75:138-144.

2018 Park et al. Cureus 10(10): e3466. DOI 10.7759/cureus.3466 12 of 12

https://dx.doi.org/10.3171/ped.2005.102.4.0363
https://dx.doi.org/10.3171/ped.2007.106.6.441
https://dx.doi.org/10.3171/ped.2007.106.6.441
https://journals.lww.com/pedorthopaedics/pages/articleviewer.aspx?year=2004&issue=01000&article=00007&type=abstract
https://www.ncbi.nlm.nih.gov/pubmed/10641698
https://dx.doi.org/10.1097/00006123-199311000-00026
https://dx.doi.org/10.1097/00006123-199311000-00026
https://dx.doi.org/10.3171/foc.2006.21.2.8
https://dx.doi.org/10.3171/foc.2006.21.2.8
https://dx.doi.org/10.1159/000120939
https://dx.doi.org/10.1159/000120939
https://www.ncbi.nlm.nih.gov/pubmed/17206774
https://dx.doi.org/10.1111/j.1469-8749.2002.tb00796.x 
https://dx.doi.org/10.1111/j.1469-8749.2002.tb00796.x 
https://www.ncbi.nlm.nih.gov/pubmed/21492678

	Evidence Supporting Selective Dorsal Rhizotomy for Treatment of Spastic Cerebral Palsy
	Abstract
	Introduction And Background
	Review
	Functional outcome in adults after childhood SDR
	VIDEO 1: Effects of Selective Dorsal Rhizotomy (SDR) on Premature Aging
	VIDEO 2: Effects of Selective Dorsal Rhizotomy (SDR) on Premature Aging

	Effects of SDR on functional outcome in 20-28 years
	Effects of SDR on gross motor function in 5-17 years
	Effects of SDR on gross motor function in two years or less
	Effects of SDR on rate of orthopedic surgery
	Effects of SDR on hip subluxation
	Effects of SDR on bladder function
	Spinal deformities after SDR via multilevel laminectomy and laminoplasty
	St. Louis Children’s Hospital experience
	VIDEO 3: Effects of Selective Dorsal Rhizotomy (SDR) on Motor Functions
	TABLE 1: Age at the Time of Selective Dorsal Rhizotomy (SDR) Surgery
	TABLE 2: Ambulation at the Time of Selective Dorsal Rhizotomy (SDR) Surgery
	TABLE 3: Subtypes of Cerebral Palsy (CP)


	Conclusions
	Additional Information
	Disclosures

	References


