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Abstract
Rationale Selective dorsal rhizotomy (SDR) is a surgical
technique developed over the past decades to manage
patients diagnosed with cerebral palsy suffering from spastic
diplegia. It involves selectively lesioning sensory rootlets in
an effort to maintain a balance between elimination of
spasticity and preservation of function. Several recent long-
term outcome studies have been published. In addition,
shorter follow-up randomized controlled studies have com-
pared the outcome of patients having undergone physiother-
apy alone with those that received physiotherapy after
selective dorsal rhizotomy.
Materials and methods In this account, we will discuss the
rationale and outcome after SDR. The outcome is addressed
in terms of the gross motor function measurement scale
(GMFM), degree of elimination of spasticity, strength
enhancement, range of motion, fine motor skills, activity of
daily living, spastic hip, necessity for postoperative ortho-
pedic procedures, bladder and sphincteric function, and
finally possible early or late complications associated with
the procedure.

Conclusion We conclude that SDR is a safe procedure,
which offers durable and significant functional gains to
properly selected children with spasticity related to cerebral
palsy.
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Complications

Cerebral palsy

Cerebral palsy comprises a number of clinical syndromes
associated with abnormalities of posture and movement
resulting from injury to the immature brain. The neurolog-
ical insult is not evolutive, and the injury to the central
nervous system is static, but the clinical expression of
cerebral palsy is subject to change as children and their
developing nervous system mature. Characteristically, chil-
dren suffer from a variable combination of spasticity,
disorders of movement, hypotonia, ataxia, and/or rigidity.
Paradoxically, despite progress in neonatal care, the inci-
dence of cerebral palsy is increasing, affecting an estimated
500,000 children and adults in the USA with life-long
disabilities [44, 62]. This increase is likely the result of
increased survival of very-low-birth-weight infants as well
as improved national registries [78].

The etiology of cerebral palsy has been traditionally
associated to prenatal, perinatal, or postnatal events. The
latter could go up to 3 years postnatally. Typical prenatal
causes include supranumerary gestations, infection, ante-
partum vaginal bleeding, and maternal exposure to alcohol.
Common perinatal factors include fetal anoxia, bradycardia,
hemorrhage, and infection; all of which are usually more

Childs Nerv Syst (2007) 23:991–1002
DOI 10.1007/s00381-007-0398-2

J.-P. Farmer (*) :A. J. Sabbagh
The Montreal Children’s Hospital,
McGill University Health Center,
Room C-811, 2300 Tupper Street,
Montreal, QC, H3H 1P3 Canada
e-mail: Jean-pierre.farmer@mcgill.ca

J.-P. Farmer
Department of Pediatric Surgery,
McGill University Health Center,
Montreal, QC, Canada

J.-P. Farmer
McGill University,
Montreal, QC, Canada



common in the premature and low-birth-weight infants.
Early childhood factors include traumatic brain injury, near-
drowning, as well asmeningo-encephalitis. Prenatal factors are
thought to be primarily responsible in 70–80% of cases [28].

In the immature brain, cerebral hypoperfusion tends to
result in two well-known clinical outcomes: firstly, peri-
ventricular leukomalacia, which is the most important
determinant of neurological compromise seen in the very-
low-birth-weight infants [22] (<1,500 g), and secondly, the
development of germinal matrix hemorrhages, which often
will lead to asymmetric deficits. When the basal ganglia are
affected, an extra pyramidal presentation with prominent
dystonia and choreoathetosis is seen.

From weeks 26 to 34 of gestation, periventricular white
matter areas near the lateral ventricles are more susceptible
to hypoxic ischemic injury. It is not surprising that leg fibers
are predominantly affected in these children who also
demonstrate enlargement of the body of the lateral ventricles
on imaging. Larger lesions will lead to quadraparesis with or
without bulbar signs.

The extent and distribution of motor syndromes after the
development of cerebral palsy is therefore variable. Five
subtypes of presentations have been identified with a
significant degree of overlap in any individual child being
assessed [63]. Approximately 60% of children will exhibit
predominance of spasticity either in the form of diplegia or
asymmetric quadraparesis. This is the presentation that is
most amenable to medical and surgical therapeutic measures.
Twenty percent of children show a predominant athetosis
and dystonia picture. There can also be chorea and hemi-
ballistic movements in the presentation. In 10% of children,
the predominant presentation is ataxia. Unless underlying
hydrocephalus is contributing, very few therapeutic medical
or surgical options are available to these children. In the
remaining 10% of the cases, the presentation is more that of
hemiplegia associated or not with a migration disorder,
depending on the timing of the injury during gestation.
Finally, it is important, as mentioned previously, to realize
that most children have more than one form of cerebral palsy
and therefore have a mixed presentation.

Treatment options

At present, there is no clinically meaningful intervention
that will successfully repair existing damage to the brain
areas that control muscle coordination and movement.
Several interventions are available, however, to decrease
the severity of impact of the deficits on activities of daily
living and to improve overall functional performance of
these children. These include physical and occupational
therapy, oral medication, botulinum toxin, intrathecal
Baclofen therapy, orthopedic surgery, and selective dorsal

rhizotomies. Appropriate use of these therapeutic interven-
tions is essential given that 95% of children with diplegia
survive until the age of 30 years [20] and that the overall
survival of all children with cerebral palsy until the age of
20 years is established at 90% [26, 42]. Surgical interventions
remain in the realm of functional surgery. Therefore, a major
emphasis is placed on quality-of-life issues. As such, the
treatment is best optimized using a modern multidisciplinary
approach.

Selective dorsal rhizotomies have revolutionized the
management of spasticity related to cerebral palsy and the
impact of the procedure on functional outcome of these
children will be the subject of the remainder of this article.

Selective dorsal rhizotomies

Historical background

The impact of rhizotomies on tone has been known to the
scientific community since Sherington’s experiments on the
decerebrate cats. In humans, Abbe and Bennett in 1889 [1,
9] described the relief of pain by nerve root section.
Foerster in 1913 [32] specifically described relief of
spasticity after dorsal rhizotomy. Approximately one half
of his patients had congenital spasticity. Foerster also was
the first to propose intraoperative electrical stimulation to
identify levels and to distinguish ventral from dorsal roots.
Nevertheless, because of comorbidity associated with a
rather radical procedure at the time, for approximately half
a century, the procedure was largely abandoned. Gros et al.
in the mid-1960s [35] contributed significantly to the
evolution of the procedure by distinguishing beneficial
spasticity from detrimental spasticity and performing partial
rhizotomies. They also introduced electromyography
(EMG) monitoring to permit identification of rootlets
innervating more dysfunctional muscle groups. In the
mid-1070s, Fasano et al. [29] developed a series of criteria
based on abnormality of evoked motor responses to
electrical stimulation, and finally, in the 1980s, Peacock
and Arens proposed moving the operative site to the lumbo-
sacral canal to allow more secure identification of the
segmental level. Most centers continue to employ variations
of the techniques originally described by Fasano et al. and
Peacock et al. [29, 72]. Currently, the operation is carried
either at the lumbo-sacral level or in certain centers at the
level of the conus [70].

The field has evolved with respect to the degree of root
lesioning required so as to maintain a balance between
elimination of spasticity and preservation of strength.
Currently, criteria relying on spread of the response and
on incremental or multi-phasic patterns of the response to a
50-Hz train are used in most centers to optimize the balance
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between spasticity reduction and preservation of function.
The ability of EMG-guided dorsal rhizotomies to reliably
define which rootlets should be sectioned has become a
matter of controversy. Contributing to this debate has been the
lack of technical standardization [50, 51, 87], the variability
of motor response after repeated nerve root stimulation
[100, 101], the effect of anesthetic agents on intraoperative
stimulation [17, 36], the natural variability known to exist
in segmental innervation of the lower extremity muscles
[76], and finally, the anecdotal reports of sustained
contractions after stimulation in patients operated upon
for reasons other than spasticity [19, 88, 92].

We value spread of the muscle response to the contralateral
limb or upper extremity to a 50-Hz stimulation as a valid
criterion to define rootlets contributing to disinhibited spinal
circuitry in uncontrolled spasticity. Sustained contractions after
the 50-Hz stimulation have been demonstrated in nonspastic
patients [19, 88], but the pattern of spread contralaterally and
suprasegmentally has not.

Using these criteria of spread, we demonstrated a definite
statistical reliability in intraoperative stimulation to 50-Hz
train of dorsal roots [60]. In our report, an absolute grade
variation of 0 or 1 occurred in 93% of 752 roots, which were
stimulated twice. Additionally, the correlation between the
EMG determination of the pattern of spread and the phys-
iotherapy determination correlated at greater than 90%.
Therefore, we strongly advocate the routine use of intra-
operative electrophysiological monitoring to identify those
rootlets contributing significantly to the spastic process.
Stimulation helps us attain a balance between significant
reduction in spasticity and preservation of sensation, volun-
tary muscle control, and bladder function. In functional
surgery, these guiding principles must prevail (Fig. 1).

Long-term outcome

Several groups have reported on the outcome of children
undergoing selective dorsal rhizotomies with a variable
follow-up. Over the years, several reliable quantitative
outcome measures have been defined. These have been
helpful in assessing lower extremity function, alignment,
transition, upper extremity function, activities of daily
living, bladder function, hip stability, complication rates,
and the rate of postoperative orthopedic procedures.

Gross motor function measurement scale

The gross motor function measurement scale (GMFM) is a
criterion referenced observed measure that was developed
and validated to assess children with cerebral palsy [79]. It
contains 88 items that are scored on a four-point ordinal
scale. Five dimensions are assessed. Dimension A contains
17 items that are performed in lying or rolling position.
Dimension B contains 20 items observed in the sitting
position. Dimension C assesses crawling and kneeling with
14 items. Dimension D assesses standing ability with 13
items, and finally, dimension E assesses walking, running,
and jumping with 24 items. The total score is obtained by
averaging the percent of scores across the five dimensions.
As indicated by Russell et al. [79], clinical gains of 6%
either in the total score or in one dimension are felt to be
clinically significant in children having undergone a surgical
intervention. Three randomized trials comparing physiother-
apy alone and selective dorsal rhizotomies followed by
physiotherapy were published in 1997 and 1998 [54, 90,
103]. The primary outcome measure was the GMFM score.

Fig. 1 Intraoperative photograph showing the cauda equina during a
case of selective dorsal rhizotomy done via a narrow lumbosacral (L1–
S2) laminotomy/laminoplasty. On the left hand side, a sacral root is
being divided into an anterior motor component and a posterior
sensory one. On the right hand side, the Sami knife and probe are

holding the right fourth lumbar (L4) sensory root about to be separated
into equal smaller rootlets as the other roots seen already separated in
the background in preparation for stimulation followed by selective
lesioning
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Two of the three trials reported the improvement in GMFM
scores after rhizotomies to be statistically more significant
than in the control group receiving physiotherapy alone,
whereas the third did not. A recent meta-analysis [53] of
controlled trials revealed a statistically significant improve-
ment in the patients undergoing rhizotomy plus physiother-
apy compared to those having received physiotherapy alone
[11, 53]. A recent study [25] comparing a nondisabled group
of children to a group undergoing physiotherapy alone and a
group undergoing rhizotomy followed by intensive physical
therapy concluded that children with CP are weaker than in-
dividuals in the nondisabled group regardless of data
collection type or intervention. However, the group having
undergone selective dorsal rhizotomy obtained significantly
greater improvement in gross motor function than the group
undergoing physiotherapy alone.

Unfortunately, follow-up data from the randomized
controlled trials and that of other reports does not extend
beyond 2 years. Our group has been able to report a
statistically significant clinical improvement in GMFM
total scores at 1, 3, and 5 years postsurgery [57] (Fig. 2).
Improvement continued to occur at 5 years, although the
most important gains were noted 1 year postoperatively.
Furthermore, the results were most dramatic in the two
dimensions involving lower limb function that are dimen-
sions D and E, which are the dimensions of importance in
patients trying to attain ambulatory skills of better quality.

In our series, children with mild to moderate degrees of
ambulatory dysfunction that is with either ambulatory
capacity, ambulatory capacity using assistive devices, or
emerging locomotor function (ambulatory potential) repre-
sented nearly 95% of the study population. The better the level
of preoperative motor function was, the greatest the gains
were postoperatively (see Fig. 2). Paradoxically, these
patients are often not referred or referred later because of
the misconception that their potential for significant gains is
low. As an example, in the group of independent ambulators,
the average preoperative GMFM score was established at
84%, but gains in dimension D and E at 5 years after the

procedure were 13 and 26%, respectively. These children
reach near-normal levels of function to the greatest satisfac-
tion of their families. The small group of more severely
disabled nonambulatory patients was unlikely to have
worthwhile improvement in motor function despite adequate
elimination of lower extremity spasticity. This group of
patients was too small to be analyzed statistically.

Elimination of spasticity

While elimination of spasticity is a means to an end given that
it does not guarantee improvement in function, this remains a
crude way of assessing outcome. Several groups [3, 14, 24,
34, 39, 46, 47, 54, 55, 57, 80, 85, 87, 89, 90, 103] have
shown significant reduction in spasticity after selective dorsal
rhizotomy. However, very few groups reported quantitative
results at 5 years after rhizotomy [37, 57]. Our study at 1, 3,
and 5 years demonstrated a long-term beneficial effect of
elimination of spasticity after rhizotomy. The results were
statistically significant in all lower extremity muscle groups
tested and remained so over the 5-year study period.

Strength enhancement

In the previous section, we demonstrated the preservation of
the reduction in tone over several years after rhizotomies. This
allows for unmasking of potential strength in the affected
muscles, which should, with proper therapy, replace the
spasticity as the primary parameter of gait. Several studies
have reported gains in lower limb strength [24, 37, 47, 57, 89,
90]. However, only two of these studies [37, 57] were able to
establish gains in strength after the initial first year.

Strength is a difficult parameter to evaluate. Our group,
using the Rusk Institute of Rehabilitation/New York
University rhizotomy evaluation form, [3] looked at pos-
tural stability, transition from one position to another, and
quality of alignment as parameters of motor function over

Fig. 2 Line plots comparing GMFM total scores (left), dimension D
(center), and dimension E (right) between the patients in the study
according to the preoperative level of functioning. Patients were
subdivided into five groups according to their preoperative locomotive

abilities. Dimensions D and E primarily relate to lower-extremity
motor function and are the primary outcome measures of the GMFM
(adopted with permission, Mittal et al. [57])
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5 years postoperatively comparing the scores to the
preoperative values. We were able to show clear gains in
alignment scores, transition scores, and stability scores for
these patients. The major gains occurred in the first
postoperative year, but ongoing gains were clearly detectable
up to 5 years post-treatment. Of note, because of the high
functional level of most of the children involved in our
studies, the most important improvements occurred in
alignment scores given that the children were able to perform
quite well in the sitting position and perform transition
movements independently before rhizotomy.

Range of motion

Gait is a dynamic process. Range of motion is therefore
considered an important criterion with respect to outcome
measures. Several studies [3, 13, 14, 34, 37, 57, 64, 84, 85,
89] and in particular the two randomized controlled studies
[90, 103] used goniometry as a study tool. These studies
indicated a greater range of motion in the lower extremity
joints in patients tested early, that is, between 9 months and
2 years after rhizotomy. Only few studies [37, 57] including
ours showed significant improvement up to 5 years after
rhizotomies. Using gait analysis, several studies also
showed improved stride length and velocity in ambulatory
patients [4, 13, 16, 74, 80, 92, 93, 96, 98, 102, 103].

In our study, the greatest improvements in range of
motion occurred between the preoperative status and the
first year postoperatively, although significant gains were
still felt to occur between years 1 and 5 postoperatively
particularly with respect to knee extension. On the other
hand, the range of motion for ankle dorsiflexion and hip
abduction improved to a lesser degree between years 1 and
5 postoperatively.

Fine motor skills

Whereas the expected primary impact of selective dorsal
rhizotomies is on gait, several anecdotal reports of improve-
ments in upper extremity function after rhizotomies have
appeared both in the orthopedic and functional literatures.
This question is particularly important because the advent
of intrathecal Baclofen therapy as an alternative therapeutic
option. Given Baclofen’s ability to diffuse throughout the
intrathecal space, it would stand to reason to believe that it
might have a more beneficial impact on upper extremity
function than selective dorsal rhizotomies performed at the
lumbo-sacral level. This theoretical consideration might
have an impact on the choice of treatment modality selected
for the patient if one of the established goals is to obtain
gains in the upper extremities.

Several studies have reported reduction in spasticity of
the upper extremities after selective dorsal rhizotomies [19,
47, 55, 73]. Whether this translated into better upper
extremity function remained to be clarified. Seven studies
[5, 6, 19, 30, 82, 85, 89] reported qualitative improvements
in upper limb function. Furthermore, six studies reported
quantitative improvements such as improved block stacking
and manipulation patterns in the upper extremities [8, 14, 23,
43, 48, 59]. Two recent studies have looked at beneficial
effects on upper extremity skills using quantitative validat-
ed tools [16, 49]. However, all of these studies had a very
short follow-up of approximately 1 year.

We chose to focus on fine motor control and analyzed
upper extremity skills from a developmental and functional
perspective using a standardized validated test, the Peabody
developmental motor scale (PDMS), to determine if
selective posterior rhizotomy resulted in functional upper
extremity gains. Folio and Fewell [33] designed the PDMS
for use as both a discriminative and an evaluative measure
of upper extremity function. The test provides a compre-
hensive assessment of a child’s gross and fine motor
patterns and skills in relation to adaptive capacity. The
large number of items tested require a child to use his/her
motor capacity to adapt to specific situations. In this
manner, the child’s strength and weaknesses can be
analyzed accurately and thoroughly. Our report demonstrat-
ed clearly that the PDMS was capable of identifying
longitudinal changes, up to 5 years postrhizotomies, in fine
motor function in children with cerebral palsy. The two
domains where most significant gains occur namely, eye/
hand coordination and manual dexterity, are skills that have
a major impact on the quality of life of affected children.
Using percentile scores and Z scores to take into account
maturation in analyzing progress, rhizotomies were shown
to allow children to reach low normal levels of function in
upper extremity, which even the higher functioning groups
of children with cerebral palsy did not attain preoperatively.
Furthermore, children with milder motor deficits, that is
dependent or independent ambulators, were more likely to
improve fine motor skills at 3 and 5 years after surgery than
those who were unable to walk preoperatively. Therefore,
children who have some baseline ambulatory function may
potentially benefit the most from posterior rhizotomies,
whereas the more severely disabled children who have no
ambulatory potential are unlikely to have a worthwhile
improvement in functional performance whether it be at the
upper extremity or lower extremity level despite adequate
elimination of spasticity.

Our results explicitly indicate that one should not favor
Baclofen pump implantation over selective posterior rhi-
zotomy because of a theoretical misconception that dorsal
rhizotomy only addresses lower extremity impairments.
Clearly, higher-functioning children can obtain excellent
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results in upper extremity fine motor control after rhizoto-
my, which remains the therapeutic gold standard for
children who meet rigid preoperative criteria predictive of
ambulatory gains. On the other hand, upper extremity
spasticity and blunted fine motor skills seen in quadriplegic
children may be addressed more readily with intrathecal
Baclofen by placement of a catheter higher along the spinal
cord [27, 65] when rhizotomy criteria are not met.

A comparative study between selective posterior rhizot-
omy and intrathecal Baclofen looking specifically at upper
extremity gains would be interesting. However, such a study
might be difficult to justify ethically given the growing body
of literature demonstrating that the two operations are best
suited for distinct subgroups of children with spastic cerebral
palsy [99].

Activities of daily living

The ultimate goal of reduction in spasticity, improvement in
joint range of motion, and increased motor strength after
selective dorsal rhizotomy is the improvement in activities of
daily living such as oral/facial hygiene, grooming, and feeding
with emphasis on upper and lower extremity dressing and
toileting. Assessments of trunk control and mobility issues
such as independent sitting and moving in bed, transfers onto
chairs, toilets, bathtubs, or cars, as well as indoor and outdoor
walking skills are also part of activities of daily living. The
sum of every small improvement in different spheres of
activities of daily living is what determines the level of
improved patient independence.

Several investigators, using nonvalidated outcome as-
sessment tools, have reported improvements in activities of
daily living [6, 8, 10, 37, 39, 46, 52, 54, 61, 64, 85, 89, 90,
104]. The quantitative validated tool most widely used to
assess activities of daily living in children is the pediatric
evaluation of disability inventory (PEDI). Four studies have
used the PEDI in a prospective fashion and reported
statistically significant improvements in self-care and
mobility domains after dorsal rhizotomies [12, 23, 58,
65]. Only one of these studies had follow-up data beyond
2 years after rhizotomies. The result of our own study using
the PEDI score reveals important gains in functional
performance as early as 6 months after dorsal rhizotomies
with continued gains occurring up to 5 years after
rhizotomies. As expected, higher-functioning children with
independent or dependent ambulatory potential were more
likely to improve functional performances at 3 and 5 years
after rhizotomies than those who were unable to walk
preoperatively. Therefore, nonambulatory patients are likely
to have more modest improvements in activities of daily
living despite adequate elimination of lower extremity
spasticity after rhizotomies. The modest gains are likely to

be equally achievable in these more involved children with a
less invasive and/or reversible treatment such as intrathecal
Baclofen.

The spastic hip

Analyzing 88 hips both preoperatively and 1 year postopera-
tively (unpublished data), we have noted stabilization of
progressive hip deformity after selective posterior rhizotomies
as long as the Reimer Index of femoral uncovering does not
exceed 50%. In fact, 95% of the hips studied appeared to
stabilize or improve as long as the index was less than 50%
before the rhizotomies, and other groups have reported similar
results [25, 38, 71]. Changes in hip spasticity and strength
postrhizotomies have been implicated in this stabilization [25].

Therefore, our practice is to allow the child to undergo
rhizotomy if all selection criteria are met and the Reimer
Index does not exceed 50%. If the Reimer Index does
exceed 50%, then an orthopedic hip surgery may be needed
to precede the rhizotomy by approximately 6–12 months.

Adjunctive orthopedic procedures

In several centers, a competition exists between the orthopedic
management of spasticity and selective dorsal rhizotomies.
Selective dorsal rhizotomies have undergone extensive inves-
tigations as a treatment option with most studies concluding of
the long-term beneficial effects as described above. In fact,
selective dorsal rhizotomies have emerged as the only
treatment of spastic cerebral palsy meeting the rigid criterion
of class I evidence in terms of reduction in spasticity when
combined with intensive physiotherapy [25, 66].

Most centers who have developed a multidisciplinary
approach to the treatment of spasticity whereby collabora-
tion exists between orthopedics and neurosurgery have
adopted the rational strategy of treating the cause (that is,
the spasticity) rather than treating the consequences of soft
tissue and joint conditions as an initial step. One study [15]
in 2004 compared the outcome after selective dorsal rhizot-
omies vs orthopedic procedures. Both approaches lead to
multidimensional benefits for ambulatory children with
spastic diplegia, but clearly, qualitative changes in move-
ment, self-care, and social function gains were greater in
the selective dorsal rhizotomy group than the orthopedic
surgery group. Finally, an immuno-histochemical study
looking at the “nerve cell adhesion molecule” has conclud-
ed that this molecule is upregulated in response to
denervation and is present in larger quantities in muscle
biopsy specimens obtained from patients with cerebral
palsy. This could therefore suggest that early intervention
might have beneficial effects that would prevent the need
for later treatment of soft tissue or joint deformities [51].
Through four different publications, the St. Louis group [18,
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66–68] has shown that the frequency of orthopedic surgeries
after selective dorsal rhizotomies is not as high as was
initially reported by Subramanian et al. [93]. When operated
at a young age, (between 2 and 5 years of age), children with
spastic diplegia and in particular independent walkers
appeared to have a significantly lower rate of subsequent
orthopedic surgery requirements than patients who are either
operated at a later age, need assistance, or have a quadrapa-
retic pattern of spasticity. The greatest reductions occur in soft
tissue releases, whereas surgeries for joint deformities tend to
be required more consistently in both groups.

At our Center, we strongly believe that neurosurgical and
orthopedic treatment options for spastic cerebral palsy are
complementary rather than mutually exclusive. Our results
indicate that long-term functional gains are statistically and
clinically significant and durable in all functional measures
and that this occurs by the 1-year postrhizotomy assess-
ment. This is before any subsequent orthopedic intervention
[57]. Furthermore, at 3 years postrhizotomy, only 8.5% of
our patients had undergone orthopedic procedures, and only
12.7% had received lower extremity botulinum toxin injec-
tions. Even when these patients having received orthopedic
interventions were excluded from the analyses, gains in
dimensions D and E of the GMFM scores remained
statistically very significant up to 5 years postoperatively.
There is no doubt that orthopedic interventions can procure
further gains to the children, but the bulk of the gains likely
have occurred independent of adjunctive treatments. Like
other groups, we find orthopedic procedures to correct joint
deformities prevailing over soft tissue lengthening particu-
larly with the adjuvant use of Botox. Botox injected in the
postoperative phase seems to have a more profound and
durable effect compared to injections done preoperatively. It
seems clear therefore that the best outcomes occur in young
spastic diplegic patients having undergone rhizotomies. In
that group of patients, orthopedic procedures may be
required in the long term at the frequency of 15–20% of
patients [66]. The liberal use of Botox, which seems to have
a synergistic effect with the rhizotomies when used
postoperatively, serves to further improve the esthetics of
the gait pattern. Older and more involved children, whether
treated with rhizotomies or with Baclofen pump implanta-
tion, are likely to demonstrate a higher need for adjunctive
orthopedic procedures.

Bladder and sphincteric function

The bladder of children with spastic cerebral palsy is likely
to demonstrate a spastic profile given the loss of inhibitory
cortical innervation seen under this condition. In a study
looking at bladder capacity and compliance through
urodynamic evaluation [40], we demonstrated that preop-
eratively, a large number of patients, even if they have

achieved continence, have markedly elevated intravesical
pressures. The range of pressures in this cohort of patients
was determined to be at a level that would cause chronic
upper urinary tract and renal disease in the long run.

Those performing rhizotomies at the upper sacral level
for the relief of ankle spasticity have been torn between the
necessity for relief of spasticity to improve motor function
and the risk of deterioration in the bladder profile as a result
of excessive lesioning. To that effect, several groups have
tried to better identify pudendal afferents within several
roots [21, 38, 40, 41, 45, 71, 83, 95]. Our additional report
of elevated bladder pressures despite achievement of
urinary continence in these children pre-operatively further
complicated decision-making at that particular level during
a selective posterior rhizotomy procedure. Not only would
the surgeon want to preserve bladder function, but he/she
would optimally like to reduce the spasticity of the bladder
to avoid chronic urinary problems.

Clear identification of S2, S3, and S4 roots by counting
from the “cul de sac” up and by using electrophysiological
parameters comparing S2 and S1 motor responses coupled to
limited lesioning of up to two thirds of S2 on either sides, but
more frequently to a total of 50% of S2 rootlets bilaterally as a
strategy has met with success in our group. All patients who
were toilet trained before the procedure remained so, whereas
those who were not achieved continence over time postoper-
atively. Furthermore, detailed urodynamic studies done pre-
and postoperatively demonstrated improved bladder capacity
and decreased bladder compliance with a secondary (bonus)
protective effect on upper renal tracts in our patients to the
level of “minimally acceptable” values for age. It therefore
seems clear that preservation of one third to one half of dorsal
rootlets at S2 and 100% preservation of clearly identified S3
and S4 roots optimizes the balance between improved ankle
function and improved bladder parameters without any
incidence on worsening of bladder function.

With the introduction of epidural morphine analgesia
postoperatively, after having performed 40 selective dorsal
rhizotomies without any urinary retention using intravenous
postoperative analgesia, we noticed an increased rate of
transient urinary retention. Removing the epidural catheter at
postoperative day 3 and the urinary catheter 24 h later to let the
effect of epidural morphinewear off has corrected this problem.

Overall, with approximately 250 interventions, we have had
no permanent urinary deterioration using these two strategies.

Complications

This operation for a major intervention is qualified as quite
safe and associated with relatively few complications.
However, if complications occur, they will occur in the
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intraoperative, early postoperative, and late postoperative
periods.

Intraoperative complications

In the late 1980s and early 1990s, significant concern was
raised with respect to intraoperative bronchospasm [2, 7,
94] and the development of immediate postoperative
aspiration pneumonias as a result of pre-existing respiratory
distress syndrome and gastro-esophageal reflux. The “light”
anesthetic conditions necessary for monitoring were thought
to contribute significantly to this problem. The premorbid
state, particularly in more involved children with lower
functional status was also thought to play an important role.

Anesthetic protective measures such as perioperative
broncho-dilators and H2 blockers were suggested by some
to reduce the risk of aspiration pneumonia and broncho-
spasm [2, 7, 91, 97]. In the last 10–15 years with the advent
of propofol anesthesia and the selection of dorsal rhizoto-
mies for higher-functioning children, these intraoperative
problems have become very rare.

Early postoperative complications

Although several potential complications exist with this
operation in the early postoperative phase, they tend to be
quite rare. Cerebrospinal fluid leak and infection have been
reported. Sensory deficits [31, 75, 91] have also been
reported in the 1980s likely as a result of the extensive
lesioning rates (of the order of 70–80%), which took place
at that time. Currently, at our center, the lesioning rate is of
the order of 45–55% and never exceeds 60%. This is
generally the lesioning rate reported by most groups
currently [69, 85]. At that lesioning rate and by taking
particular attention never to section an entire dorsal root,
sensory deficits are rare, and most cooperative patients are
able to perform a normal or near-normal sensory examina-
tion when tested formally several years later.

The incidence of bladder dysfunction has been reported
previously [56, 77] and can be significantly reduced or
eliminated by the use of careful lesioning guidelines in the
upper sacral level [40].

As mentioned previously, transient urinary retention likely
related to epidural morphine administration can also be
reduced to a minimum by leaving the Foley catheter 24 h
beyond the cessation of epidural morphine administration.

Most children experience early transient weakness [74,
75] related to a change in tone particularly at the trunk and
the lower extremity levels. Similarly, a number of children
(approximately 30% in our experience) have symptomatol-
ogy reminiscent of restless leg syndrome, which responds

well to bedtime Diazepam and never exceeds a period of
3 weeks postoperatively.

Late postoperative complications

There is a high rate of spinal deformities inherent to the
natural history of cerebral palsy. Saito et al. [81] studied
institutionalized patients with severe spastic cerebral palsy
and determined that most scoliosis occurred before the age
of 10, advanced most rapidly after onset, and progressed
continuously up to and beyond age 20. Madigan and
Wallace studying institutionalized patients found a scoliosis
rate of greater than 10° in 44% of independent ambulators,
54% of dependent ambulators, and 76% of bedridden
patients. Other important deformities are those of hyper-
lordosis and those of thoracolumbar kyphosis where the
natural history would suggest progressive deformity as well.
Finally, pelvic obliquity as a result of hip flexion contrac-
tures has been implicated in the increased incidence of
spondylolisthesis in cerebral palsy patients.

Given the longevity of the follow-ups now available and
given the fact that most early patients are now adults,
several groups have paid attention to the incidence of spinal
deformities in operated patients to try to determine whether
the intervention influenced positively or negatively the
natural history of the disease. In 2005, Steinbok et al. [86]
reported nearly 55% of 104 patients having scoliosis defined
as greater than 10° of coronal curvature. The incidence of
kyphosis was established at 39% and the incidence of
hyperlordosis at 21%. Two patients required spinal stabili-
zation procedures.

We studied a group of 101 patients with a mean follow-
up of nearly 6 years looking at coronal alignment as well as
sagittal alignment at the thoracic, upper thoracolumbar,
lower thoracolumbar, and lumbar levels. We also assessed
the rate of spondylolisthesis and spondylolysis. Scoliosis
was defined as a coronal angle of greater than 10°. All films
were obtained in the weight-bearing position, which was
not the case in other similar studies. We postulated that
weight bearing might increase the magnitude of the curve
changes reported.

At the level of the coronal alignment, our rate of curves
greater than 10° defined as scoliosis was 45% but
significantly higher in dependent ambulators than in
independent ambulators. Nevertheless, only two patients
had curves above 20°, and no patients required any bracing
or fusion. The main features of our analysis at the level of
the sagittal alignment was that patients who had surgery at
an age greater than 5 years had more significant lumbar
lordosis than those operated at a younger age. The
difference of 56 vs 42° (which is in the normal range)
was statistically significant. Fourteen patients demonstrated
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grade 1 spondylolisthesis, and four demonstrated grade 2
spondylolisthesis, but none were symptomatic, and at least
four patients of this group had preoperative findings of
spondylolisthesis on X-ray.

We concluded that selective dorsal rhizotomies did not
influence negatively the natural history of spinal deformi-
ties and that possibly the procedure had a protective effect
if done before the age of 5 with respect to the lordosis. Park
[69] has proposed an operation at the conus medullaris
level as an option to reduce incidence of the late post-
operative spinal deformity after this procedure. We have
been hesitant to adopt this approach, first because the rate
of complication and of spinal deformity using a narrow
laminoplasty approach appears to be quite acceptable and
comparable (likely better than) to the natural history of the
disease. Second, we strongly believe in the benefits of
intraoperative stimulation in our decision making and prefer
to decide how to lesion a given root when all rootlets have
been stimulated and patterns of spread analyzed keeping in
mind the primary surgical objective of balancing elimina-
tion of spasticity and preservation of strength. Finally, our
other concern with the operation at the conus is the need for
a wide exposure and a laminectomy at the junction of the
rigid thoracic and mobile lumbar segments. The incidence
of long-term orthopedic consequences and in particular
thoracolumbar kyphosis, if any, have yet to be analyzed in a
controlled fashion to clarify this important point.

Finally, whether the incidence of long-term degenerative
changes such as disc herniation, facet hypertrophy, and
spinal stenosis will occur at a younger age in these children
remains to be determined. In our group, one patient known
to have a congenitally narrowed spinal canal at the time of
the initial intervention developed spinal stenosis limited to
L4 and L5 12 years postoperatively and required decom-
pressive laminectomy.

Conclusion

This paper has concentrated on outcomes after selective
posterior rhizotomies for the treatment of spastic cerebral
palsy. Several key points have been addressed; there is class 1
evidence supporting the efficiency of selective dorsal rhizot-
omies in the treatment of spastic cerebral palsy. Quantitative
outcome measures demonstrate that higher functioning
children with ambulatory capacity or potential for ambulation
operated at a young age do best with respect to outcome
measures such as GMFM, PDMS, PEDI, and Weefim scores.
Their postoperative quality of life is also better with respect to
requiring adjunctive orthopedic procedures less frequently.
They also show a lower incidence of spinal deformities, in
particular, with respect to severity of scoliosis and of hyper-
lordosis. Finally, the effects of rhizotomies are durable, and

quantitative improvements still continue to occur at least up to
5 years postoperatively.

In contrast, older and more involved children show more
modest gains and a higher rate of postoperative adjunctive
therapy and late spinal deformities. Multidisciplinary teams
should direct these patients toward alternative modes of
therapy namely, intrathecal Baclofen therapy and/or ortho-
pedic intervention. Children with spastic cerebral palsy are
best treated in a multidisciplinary environment where all
therapeutic options are available in a complementary rather
than in a competitive framework. Continued multidisciplin-
ary interaction will be needed to further advance the field. As
for any other functional neurosurgery intervention, careful
analysis of outcome by objective measures over long periods
is the method by which multidisciplinary teams will obtain
crucial answers to the important questions raised.
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