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Why spasticity is deleterious in children with spastic
cercbral palsy?

=Loss of sarcomeres
*Reduction of muscle extensibility
*Shortening of muscles
*Inhibition of active movements

*Development of muscle contractures —sbone and
joint deformities
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Historical perspective

Experimental basis: dorsal root section
relieved decerebrate rigidity after brainstem
section in a cat

Clinical series {1908 and 1913): most patients
affected by cerebral palsy and spastic diplegia

Technmique: unselected bilateral complete
section of posterior nerve roots of L2, L3, L5

Rty and S1.sparing L4

Results: marked improvement in gpasticity and improvement in
function in >70% of patients

Problems: recurrence of spasticity on long ternm, propriceptive
gensory losg, exceeding suppression of muscle tone
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Historical perspective

Gros C et al. (1967): non selective sectioning of 80% of cach of
the nerve roots from L1 to 81
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Historical perspective
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Historical perspective

Selective dorsal rhizotomy (SDR)
estabilished on the responses
of the sensory rootlets to IO stimulation
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Fasawo VA et al. (1978) Surgical treatment of spasticity in cerebral palsy.
Child Brain 4: 289-305
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Selective dorsal rhizotomy (SDR)
estabilished on the responses
of the sensory rootlets to IO stimulation

Approach

Peacock W,
Arens L (1982):
approach to

_ ~the rootlets at
their exit
foramina (L.1-
81)

Fasano VA:
approach to
the rootlets at
the conus level
(T12-L2)

]
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Historical perspective

Selective dorsal rhizotomy (SDR)
on originally proposed intraoperative electrophysiclogic
guidance {incremental stimulus: 30-50 Hz) was
questioned because.....

1. No evidence that axons more involved in the spastic
process are segregated together in the posterior rootlets

2. Alow threshold to single stimulus and a “sustained”
response to the 50 Hz stimulation might occur also in
non spastic children
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Actually....still controversial

Incremental! clonic response 0.1 to
50 Hz (eventnal suprasegmental
responses): involved/sectioned

H-reflex recovery curve (increased
recovery curve): involved/sectioned

.,.. R - H-reflex
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Grading the 10O electromigraphic

FESPOTISESS

Grade Electromyographic responses

0 Unsustained or single discharge to a train of
stimuli

1+ Sustained segmental ipsilateral discharges

2+ Sustained segmental and immediately adjacent
segments discharges

3+ Sustained segmental and distant levels
discharges

4+ Sustained controlateral discharges
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Patients selection: Team work

1. Neurologist
2. Physiatrist and Physiotherapist
3. Ortopedic surgeon

4. Neurosurgeon
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Patient evaluation

*Clinical history: == perinatal , first years

*Neurologic examination: spasticity vs. rigidity, dystonia,
athetotic movements...

*Previous treatments: orthopedie, ITB, neurotomy....

*Scheletric deformities: rate of reversibility and effects on motor
function (with the help of the orthopedic surgeon and
physiatrist/physiotherapist)

*Video-tape the patient ambulatory status (when valuable) : gait
analysis

*Radiology: X-Rays of the spine and hips, MR of the L.-8 spine
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Patient evaluation: evaluation of muscle tone

Modified Ashworth scale

Score Description of the muscle tone

00 Hypotonia

0 Normal tone, no increase in tone

1 Slight increase in tone manifested by a slight catch and release
or minimal increased resistance to joint range of motion

1+ Blight increase in tone manifested by a slight catch and
minimal increased resistance to joint range of motion for more
than half of the joint range

Z More marked increase of tone through most of the whole joint
range, but the affected joint is easily moved

3 Considerable increase in muscle tone, passive movement
difficult but possible

4 Affected joint is stiff and cannot be moved
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Patient evaluation: global evaluation of motor function

The Gross Motor Function Measure (GMFM) 4

=  Validated measure of functional limitations

= 88 items acored on a four point ordinal scale; five
dimensions evaluated

N —.\ diNTY
GMFM-66 & GMFM-85
sers Manual

1. Dimension A: 17 items performed in lying or rolling
position

2. Dimension B: 20 items observed in the sitting
position

3. Dimension C: crawling and kneeling {14 items)

4. Dimension D: standing ability (13 items)
5. Dimension E: walking ronning, jumping (24 items)

Russel DJ, Rosenbaum PL, Cadnan DT, Gowland C, Hawdy S, Jarvis 8 (1989) The gross motor function
measure: & means to evaluate the effecrs of physical therapy. Dev Med Child Newral 37: 341-352

Selective Dorsal Rhizotomy for spastic cercbral palsy: a review

Patients selection: spasticity of the lower limbs
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Patients selection: spasticity of the four limbs (spastic
quadriplegia)

One muscle group
involved {e.g.

Diffuse spasticity
of lower limbs

Diffuse spasticity of the
four limbs (spastic

ankle, (spastic diplegia)
harmstrings) > %
¥ ...,.
ki ITR: if associated SDR: no dystonia,
Consider dystonia, extensive little secondary
orthopedic involvement of involvement of
Surgery, upper limbs upper limbs
neurotomy, botox

quadriplegia)

ITRB: if dystonia
associated and if
improvement of the
upper limbs is a major
goal

SDR: no dystonia, major
goal to improve muscle tone
in the lower limbs
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Patients selection problems

*Spasticity might help weight support? (3D pait analysis for
the potential benefit/risk ratio)

*SDR is a permanent procedure; consider ITB (reversible)
also in children with spastic diplegia?

Able to rise, to walk

independently; ableto | ..., Favourable outcome after
crawl on knees and SDR

arms

Consider disadvantages of ITB: continuing long term management;
proximity to medical centers with expertise in ITB administration,
reoperation for battery failure, complications related to prosthetic
implants
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Are the results of ITB and SDR comparable in spastic
diplegic patients?

: comparison
ecal baclofen

Results At | yewr, both SDR and ITBP decreased tone,
mncreased PROM, and
resulted in a high degp
with ITBP. SDR
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Patients selection problems

s Cooperative and motivated patient (patients with severe
cognitive impairment have a grim prognosis)

* Age. Ideal patient 2-6 years: (a) wait until 2 because
spasticity might spontaneously improve in the first two
years; (b) prevent as much as possible deleterious effects of

spasticity) but....

1. Dystonia might become clear lately (spastic quadriplegic
child)

2. Positive effects documented also in adolescents and young
adults (reduce abnormal stress on bones and muscles, joint
and muscle pain...)
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Technique

Osteoplastic
laminotomy L.1-81

One/two levels (11-L2)
laminectomy
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1.1-81 Technique
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1.1-81 Technique
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Grading the 10O electromigraphic
responsess
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Grading the 10 electromigraphic
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Grading the 10 electromigraphic
responsess
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Grading the 10 electromigraphic
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Selective Dorsal Rhizotomy for spastic cerebral palsy:

Around 50-70% (range 20-70%)
of each dorsal root (bilaterally) is
coagulated and cut

technique

Selective Dorsal Rhizotomy for spastic cercbral palsy: technique

The vertical course of L2
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What to do with S2?

*In case of marked spasticity of
ankle plantar flexors partial 82
rhizotomy might be considered
({less than 35% of the posterior 82
root is cut: bladder dysfunction)

*Perineum area monitoring
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Technique

Oneltwo levels (L1-L2)
laminectomy

* Identification of the L1 level {(counting, 10 XRays)

*Intraoperative ultrasonography (axial) to identify the conus
through the interlaminar space/laminotomy of lower L1
(hypodense triangle)

*Removal of the lamina overlying the conus
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Technique

Osteoplastic laminotomy 1.1-81

1. root level easily identified
2. easy identification of the dorsal from the
ventral root at each level
3. easy tailoring of the procedure to the clinical statns
4.spinal cord at lower risk of damage
S.proceduore easily completed with
magnifying loupes or no magnification

Advantages:

1. extensive skin incision and muscles
dissection

2. multiple level laminotomy/laminectomy

3. possible damage to the ventral roots

4. postoperative pain

Disadvantages:
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Technique

One/two levels (1.1-1.2) laminectomy

1. small skin incision

2. small amount of muscles dissection

3. decreased number of laminae cut

4. lower postoperative pain

5. avoidance of ventral roots (separated from dorsal
roots at the level of the conus)

Advantages:

1. procedure more demanding (microscope needed)

2. root levels less easy to identify

3. more difficult tailoring of the procedure to the
clinical statns

4. higher risk of damage to the conus

Disadvantages:
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Results
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Resuming clinical results

*Consistent evidence in retrospective (six) so as prospective
(three) studies of a significantly higher decrease of lower
limbs spasticity (Ashworth/modified scales) after SDR and
phisiotherapy if compared with phisiotherapy alone. The
effect is stable at up to 12 years of follow-up

*Range of movement (goniometry) at lower limbs joints

significantly improved in eight prospective series and 2

randomized control trials (maintained up to five years
after surgery)
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Resuming clinical results

*Variable effect on strength: prospective studies show
either no change or increased strength

*Gait analysis: analyzed in 9 prospective studies and 1

randomized controlled trial; consistent improvement in

the range of movement at the knee, hip and ankle, but
variable effect on gait velocity and pelvic tilt

*Electrophysiologic parameters: decreased lower limb H
reflex to M response ratio and improved EMG
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Resuming clinical results

*Sitting ability: improved in more than 70% of the
cases after SDR (qualitative and quantitative
assessment:GMFM)

sAmbulation: improved level in 50-78% of patients
with “room for improvement” (variability of
grading scales); the rate for improvement on
GMFM scales ranges between 3.2 and 12.1%
(significant improvement=>6%)
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Resuming clinical results

*Activities of daily living (ADL): improvements
after SDR significantly better in diplegics than in
quadriplegics

*Suprasegmental effects: improvement in upper
limbs function (qualitative and quantitative
analysis: seales!) in 70-80% of the cases with

improvement reported also for upper limbs fine

motor skills

*Avoidance of orthopedic procedures in at least
35% of cases
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Resuming clinical results

*Cognitive function: preliminary data document
improvement in visual attention, visual-auditory
tasks, speech

Factors nesatively affecting outcome:

preoperative clinical status (dystonic limbs,
opistothonic posturing) and intellectual delay
(cooperation during rehabilitation programs)
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Complications

Intraoperative Complications

sIntraoperative bronchospasm: favouring factors
pre-existing  respiratory distress syndrome,
gastro-esophageal reflux. Change in anesthetic
agents (propofol), more strict patients selection
and premedication with H2 blockers -> less than
1%
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Complications

Early postoperative complications

*Cerebrospinal fluid leak: 1-5%

*Transient urinary retention: 1.25-24% (pudendal
monitoring and < than 35% sectioning of S2)

*Transient dysesthesias: 2.5-40% (permanent=0-
6%)
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Complications

Long term complications

*Hip subluxation: progressive in less than 20% of
patients followed up for more than five years after SDR
(lower than in non operated patients !?). Improvement in
9-38% of the cases

*Back pain: 4-7% of patients
*Worsening scoliosis (laminoplasty): in 25% of the cases

(primarily in nonambulatory spastic quadriplegic
palients)




