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Abstract

Background. One of the treatment option to reduce spasticity in cerebral palsy children is selective
dorsal rhizotomy. Several studies have demonstrated short and long term improvements in gait and
other activities after rhizotomy but this surgery still remains a controversial procedure and patient
outcome indicators measures are not uniform.

Aims. To describe our assessment and outcome evaluation protocol and to verify by this protocol
short term results of rhizotomy.

Methods. We recruited 9 cerebral palsy children (mean age 7.9 years * 3.2) affected by mild to
moderate spastic diplegia and operated by rhizotomy. Patients were studied preoperatively and at 12
months after surgery by the following clinical and instrumental measures correlated to the
International Classification of Functioning: modified Ashworth Scale, passive Range of Motion,
Medical Research Council Scale, Selective Motor Control Scale, 3D-motion analysis and energy
cost of locomotion measurements (indicators of “body functions”); Gross Motor Functional
Measure and Motor Functional Independence Measure (indicators of “activities and participation”).
Results. Our data showed, after rhizotomy, reduction of spasticity specially in plantarflexors
muscles (p <0.01), increase of strength of knee flexors/extensors and foot plantar/dorsiflexion
muscles (p <0.01), improvement of selective motor control (p <0.05), more similar spatio-
temporal parameters of gait analysis to healthy subjects, reduced equinus foot and knees
hyperflexion as energy cost.

Conclusion. The complementary use of multiple indicators may improve the evaluation of the
results of dorsal rhizotomy. A beneficial outcome measured by these indicators has been found in
our spastic diplegic children one year after rhizotomy.
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1. Introduction

Dorsal rhizotomy was first performed in the humans for relieving spasticity by Foerster at the
beginning of XX century.! Due to the comorbidity associated with the extensive section of the roots
proposed, the operation was almost abandoned for half a century. In the sixties Gros in France
revaluated the procedure by performing partial rhizotomies and then avoiding the excessive sensory
loss produced by the Foerster's operation. The term of Selective Dorsal Rhizotomy (SDR) was also
introduced at that time.? In the seventies Fasano®2"* in Italy refined the procedure by developing a
set of criteria for choosing the dorsal rootlets to be cut, based on abnormality of evoked motor
responses to their electrical stimulation. In the authors opinion these neurophysiological criteria
could increase the selectivity of the rhizotomy, maintaining the effect on spasticity and further
decreasing the sensory loss. Then Peacock® in South Africa shifted the site of SDR from the conus
medullaris region to the cauda equina and popularized this procedure in the USA when he moved
there. Many centres all over the word have utilized variations of the original technique, mainly
regarding the approach to the lumbo-sacral rootlets, that is done either at the intraforaminal or the
juxtamedullary level 5 728

After more than 30 years of experience using this surgical option, several studies® 1* 12112 haye
demonstrated that spasticity can be significantly and permanently reduced and improvements in gait
and other activities can be achieved after SDR. Nevertheless, this therapeutic option remains a
controversial procedure, and patient selection criteria, surgical technique and outcome indicators are
not uniform.*3

Furthermore, after the introduction of Intrathecal Baclofen (ITB) administered by an implantable
pump, many authors claimed that this procedure should be preferred because less invasive,
reversible in its effects and more effective in tetraplegic patients, especially if dystonia is associated
with spasticity.*2915 The choice between ITB pump versus SDR is still under debate. All the
authors agree that SDR is contraindicated when dystonia other than spasticity is the main disabling
condition. In the other cases the prevalent opinion is that SDR can be an option (sometimes a
second option) in spastic quadriplegic and in more severe diplegic children, but should be preferred
in the ambulatory non-dystonic children. Actually the children with good level of voluntary
mobility, good residual strength, and sufficient cognitive performances to be adequately
rehabilitated after the operation achieve the greatest functional benefits from SDR, avoiding long-
term management need and complications of ITB.1% 17182419 On the other hand the selection of
candidates for selective dorsal rhizotomy is sometimes difficult in this group of children, because
the risk of inducing a deterioration of motor functions is always a concern. Also the evaluation of
the results can be incomplete if an appropriate evaluation protocol is missed.

Many validated method for the pre- and post- operative assessment of children with spastic CP are
currently used. Many studies focuses on one or few on them, leading to sometimes opposite
conclusions. For example, clinical assessment of the short term effect on spasticity (1-3 years after
rhizotomy) uniformly showed reduction of lower limbs spasticity, and increase in the motor
function.?® 21ad22 However when evaluating speed of locomotion, some studies reported an
increase in the velocity'? 2% 21323 \whereas some others, reported no change or even a decrease.?*
25and 26 \When evaluating spatio-temporal parameters of locomotion, many studies showed increase
of step length?> 262427 even when normalized by the legs length of the subjects?® or when the age
was taken into account.?® Also concerning lower limb joints range of motion during walking, there
is a general consensus that after SDR it improves and the improvement is quite maintained over
time.1% 11ad2l Spome studies described also a joint kinematics more similar to that of healthy
children on a short term outcome. 20 22a1d 25
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A systematic review by Grunt et coll?® looking at the long-term outcomes after SDR concluded that
the studies are too few and the number of subjects is often too small to allow a definitive conclusion
and recommendation. Moreover there is no evidence of long term significant benefits from SDR. In
some works?® @930 even a deterioration after the initial improvements has been observed, even
though the effect on spasticity is maintained after up to 10 years. Improvement in range of motion is
also maintained after rhizotomy and more similar to healthy subjects both during walking?" 31 and 32
and in passive condition.!® Effects on speed of walking differ in the short term (improvement)
versus long term (not significantly different from no operated patients with CP). 2431

Trost et al.® described an increase in the economy of locomotion in half of their patients. Chan
et al.?2 described a reduction of oxygen consumption one year after rhizotomy but without statistical
significance.

The collaboration between the “E. Medea” Scientific Institute and the University of Turin started in
1994 and more than 30 patients underwent SDR in this lapse of time. After the first experience of
rehabilitation treatment and of outcome assessment, in the last 3 years we identified an hopefully
complete multidimensional protocol for selection and outcome assessment of these patients; we feel
that this protocol, developed according the experience of previous studies,'® 22 233428 coyld have
proven to be practical and helpful in selecting the appropriate candidate for SDR as well as in
providing the required training and the outcome monitoring of the operated children.

Aims of our study are i) to describe our clinical and instrumental assessment and outcome
evaluation protocol in a population of children with spastic CP operated on by SDR, ii) to verify the
efficacy of SDR at one year follow up using this protocol.

2. Material and methods

2.1. Population

Nine children (6 males and 3 females) with a mean age of 7.9 £ 3.2 years, mean weight of
23.0£11.7 kg and mean height of 117.0 £ 16.8 cm underwent SDR in the last 3 years. All were
spastic diplegic non-dystonic children, affected by CP. Seven of them were able to walk without
aids (GMFCS level II). Two were able to walk only with aids (GMFCS level 111). All the children
had normal intelligence.

Selection for surgery was based on the following criteria: 1) diagnosis of spastic diplegia due to CP,
as verified by history, clinical/instrumental examination and neuroimaging findings; 2) age between
4 and 12 years; 3) pure spasticity (no dystonia); 4) antigravitary muscle strength: mean lower limbs
power >3 on Medical Research Council Scale (MRC)*; 5) moderate to good motor control and
movements selectivity; 6) ambulation ability with or without aids; 7) no previous orthopedic
surgery; 8) absence of severe fixed joint deformity; 9) adequate cognitive function; 10) well
motivated child with good compliance to the treatment; 11) good family/social support. Eligible
patients were evaluated by a multidisciplinary team composed by neurodevelopment physiatrists,
physiotherapists, rehabilitation engineers and neurosurgeon.
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2.2. Evaluation protocol

Based on the literature®® 22 23328 and on our past experience, we elaborated the following protocol
to select the candidates for SDR, to obtain a preoperative baseline evaluation, and to assess the
results:

a)

b)

)
d)

e)
f)

9)

h)

Measure of the passive Range of Motion (pRoM) of the joint of the lower limbs with a manual
goniometry;

Ashworth Scale modified by Bohannon and Smith (Ash), to measure the muscle tone34;
Medical Research Council Scale (MRC) to assess the muscular strength of the lower limbs®3;

Selective Motor Control Scale (SMCS) to evaluate the selective motor control of the lower
extremities®;

Gross Motor Functional Measure (GMFM)?* to evaluate the gross motor function and ability;

Functional Independence Measure, children version (WeeFIM),3 especially the motor
component, to assess the functional level of mobility and the severity of motor disability;

3D-motion analysis of walking with a 6 cameras optoelectronic system working at 60 Hz
(Smart-E™, BTS, Milan, Italy) to analyze spatio-temporal and kinematic parameters. The
marker set of Davis protocol was used®; each subject performed one standing trial and at least 8
trials of walking at self-selected speed along a pathway of 6 m;

Energy cost measurements of walking by a breath-by-breath portable metabolimeter (Cosmed
K4b>™ Rome, Italy) that measure the oxygen uptake and hence to calculate the energy cost of
locomotion.®® The device was calibrated according to the constructor's recommendations.
Cardiopulmonary parameters for each child were measured at rest and at different speeds (0.6,
1.2, 1.8, 2.4, 3.0, 4.2 and 6.0 km h™!) until the one that the child could perform safely, on a
motor driven treadmill (Galaxy MTC Climb, Runner, Italy). Then the average of the breath-by-
breath values in the last minute of rest and at the steady state at each speed was calculated as in
Marconi et al.*

All these evaluations were repeated before (within two weeks, TO) and 12 months (T1) after SDR in
all children. To the two children with GMFCS level 111, 3D-motion analysis of walking were not
applied.

The evaluation procedure was studied in order to cover all components of the child functioning
following the bio-psycho-social model embedded in the International Classification of Functioning
(WHO 2001),** as in previously study of Langerak et coll.*? Passive range of motion, strength and
resistance to passive movement (spasticity), energy expenditure and gait pattern are indicators of
body functions; GMFM and FIM are indicators of activities and participation (Fig. 1).
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Fig. 1. Representation of the proposed assessment protocol in the ICF-model.

2.3. Neurosurgical procedure

All children were operated on by the same neurosurgeon at the Neurosurgery Division of the
University of Turin (Italy). The original juxtamedullary approach introduced by Fasano was
utilized.*® Each patient received general anesthesia, and was then placed in a prone position with
bolsters under the chest and pelvis. Needle electromyographic recording electrodes were placed in
major muscle groups of both the lower extremities (ileo-psoas, rectus femoris, biceps femoris,
adductors, tibialis anterior, gastrocnemius medialis), and in the anal sphincter to monitor the lumbo-
sacral rootlets. Only a limited laminectomy/laminotomy of the first lumbar vertebra (L1) was
performed. After opening the dura, the dorsal lumbo-sacral rootlets were exposed. Small bundles of
3-5 rootlets were isolated and a 0.5 Hz train of stimuli was applied to recognize the investigated
muscles. Then a 50 Hz train of stimuli was applied at the threshold intensity for muscular
contraction. The electromyographic and clinical muscular responses were recorded on a form and
classified as normal, slightly abnormal (tetanic), and markedly abnormal (tetanic and diffuse). The
dorsal nerve rootlets associated with a normal response were left intact, whereas those associated
with a markedly abnormal response were completely cut. Rootlets with slightly abnormal
electromiographic responses were cut for 1/2 - 1/3 if the more spastic muscles were involved.
Following this criteria from 18% to 53% (mean 41%) of the stimulated rootlets have been
sectioned.

2.4. Postoperative rehabilitation treatment

The main goal of postoperative rehabilitation program was to stretch the muscles and to promote
the acquisition of a new modality of movement without or with less spasticity. The children needed
to strengthen their muscles and started using them in a previously unfamiliar way; so children
needed motor learning. The rehabilitation focused firstly on basic skills like correct alignment on
the wheelchair, trunk control, stretching at lower limbs, strengthening unloaded exercises for lower
limbs and trunk. Following this initial approach exercises focused on crawling, standing, walking


http://www.sciencedirect.com/science/article/pii/S1090379814000907#gr1
http://www.sciencedirect.com/science/article/pii/S1090379814000907#bib43

and performing self-care activities (such as washing and dressing/undressing), the most complex
motor activities were introduced gradually. After fourth week of rehabilitation treatment, in patients
who presented still loss of strength of one or two muscle (MRC scale < 3), neuromuscular- electro-
stimulation was used to strength the muscle (especially gluteus, quadriceps, dorsiflexors muscles)
for about 30 min a day, until muscle strength recovery. Generally from the fourth week of
rehabilitation treatment, the children started to use an orthopedic bicycle and to walk with ankle-
foot orthosis, if necessary, with a walker or tripods or crutches. If the children started advanced
activities too soon, there was the risk of reverting to abnormal movement patterns, used before
surgery. We usually performed six-eight weeks (from the 2nd to the 7"-9th week after SDR) of
inpatients intensive rehabilitation (2 sessions/day); then the rehabilitation was continued for about a
year in outpatient's modalities, in order to achieve maximum functional outcome.

2.5. Data analysis

We investigated the normal distribution of clinical and instrumental parameters and we verified the
violation of this assumption for clinical and kinematic data. We used a robust nonparametric
Fisher's sign test for data analysis on SCALE, MRC, Ashworth and FIM scores, between paired
observations. We therefore proceeded to a nonparametric analysis of the different kinematic
parameters evaluated at TO and T1 through the use of two-tailed sign test. Otherwise for energy cost
the normal distribution has been verified and we used a parametric two-tailed t-test. Significance
was set at a p values <0.05 in both. At least eight walkings for each patient were recorded. We
analyzed before the mean between the right and left side for each walk performed and lastly the
mean of all walks for each patient. For the kinematic data, all the curves were normalized with
respect to 100% of the gait cycle duration. For the comparison at TO and T1, the statistical analysis
of joint rotation was performed both on the entire cycle and on eight specific subphases, * as
suggested by Del Din et al. * The subdivision was customized on each patient gait pattern basing
on the succession of contact and lifting of each foot from the floor. We considered as parameters of
interest for the entire cycle range of motion, maximum and minimum of the curve. For each
subphase we choose to consider range of motion, mean angular amplitude and the value of the
starting angle.

Regarding the oxygen consumption, for all the patients energy cost of locomotion has been plotted
as function of the different velocities. Then for each child, the data of energy cost of locomotion as
function speed have been interpolated by a second-degree equation. Finally, by equaling to zero the
first derivative of the quadratic equation, the minimum of the curves was found and it was
considered to correspond to the optimal speed.

This study was approved by our Institutional Review Board.

3. Results

3.1. Clinical evaluation

The results of the statistical analysis of the clinical evaluation are presented in Table 1 and in Fig. 2.
After SDR there is an improvement of all the studied clinical parameters. We found a statistically
significant reduction of spasticity, as measured by the modified Ashworth scale, especially in the
plantarflexors muscles (p <0.01), a statistically significant increase of the strength of the knee
flexors/extensors and foot plantar/dorsiflexion muscles (p <0.01) as measured by MRC Scale, a


http://www.sciencedirect.com/science/article/pii/S1090379814000907#bib44
http://www.sciencedirect.com/science/article/pii/S1090379814000907#bib45
http://www.sciencedirect.com/science/article/pii/S1090379814000907#tbl1
http://www.sciencedirect.com/science/article/pii/S1090379814000907#fig2

statistically significant improvement of the selective motor control (p <0.05). There were not
statistically different between pre and post treatment in the muscle tone and muscle strength of the
hip adductors, hip extensors, hip flexors muscles. Also pRoM showed a general improvement,
statistically significant as far as knee extension (p < 0.001 with hip at 90° of flexion) and foot

dorsiflexion (p = 0.019 with knee in neutral position; p = 0.044 with knee at 90° of flexion).

Table 1. Values of clinical evaluations before and after SDR.

Mean (max—min)

Mean (max—min)

Before After p-Value
pRoM Knee extension -3 (-15-5) 0 (0-5) 0.242
Knee flexion 108 (60-140) 118 (80-140) 0.055
Knee extension =51 (—70to—35) —38 (—55t0—20) <0.001
Knee flexion 151 (130-160) 151 (130-160) 0.547
Foot plantarflexion 44 (40-55) 41 (35-50) 0.161
Foot dorsiflexion 4 (—10-20) 11 (0-20) 0.019
Foot plantarflexion 44 (40-50) 42 (30-55) 0.387
Foot dorsiflexion 14 (0-30) 19 (5-30) 0.044
SCALE Total score 4 (2-8) 7 (3-10) <0.001
GMFM Score without aids 227 (193-254) 229 (189-264) 0.141
Item D without aids 32 (21-39) 32 (22-39) 0.547
Item E without aids 46 (12-67) 47 (19-72) 0.438
Wee-FIM Total score 107 (76-126) 114 (86-126) 0.031
Motor score 57 (25-91) 63 (29-91) 0.031
MRC Knee extensors 3.8 (2.0-5.0) 4.4 (1.3-5.0) 0.01
Knee flexors 3.7 (2.7-5.0) 4.2 (3.0-5.0) 0.006
Foot plantarflexors 2.6 (1.0-4.7) 3.6 (1.7-4.7) <0.001
Tibialis anteriors 3.3(1.74.7) 4.2 (3.3-4.7) <0.001
Foot lateral dorsiflexors 3.4 (2.04.7) 4.0 (1.0-4.7) <0.001
Ash Knee extensors 1(0-2) 1(0-1) 0.219
Knee flexors 1(0-3) 1(0-1) 0.011
Foot plantarflexors 2 (1-3) 1(0-1) <0.001
Foot plantarflexors 2 (0-3) 0(0-1) 0.003

Results of statistical analysis of clinical evaluations, obtained by Selective Control Assessment of the Lower Extremity
(SCALE), Gross Motor Functional Measure (GMFM), Functional Independence Measure for Children (Wee-FIM)
(total and motor scale), passive range of motion (pRoM) of knee and ankle, muscular strength with Medical Research
Council Scale (MRC) and muscle tone with Ashworth Scale (Ash) parameters, measured before and after selective
dorsal rhizotomy (SDR). Highlighted cells indicate significant differences (at least p < 0.05).
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Fig. 2. Boxplots of clinical evaluations, obtained by: Selective Control Assessment of the Lower Extremity (SCALE)
total score; Gross Motor Functional Measure (GMFM); Ashworth Scale for muscle tone: knee extensors (KE), knee
flexors (KF), foot plantaflexors with knee at 0° (FPF KO0°), foot plantaflexors with knee at 90° (FPF K90°); Functional
Independence Measure (FIM): total, motor scale; Medical Research Council Scale (MRC) for muscular strength: knee
extensors (KE), knee flexors (KF), foot plantaflexors (FPF), tibialis anteriors (TA), foot lateral dorsiflexors (FLDF). All
the evaluations was performed before (white boxes) and after selective dorsal rhizotomy (gray boxes). Significant
differences between before and after treatment are marked with @ symbol (p value < 0.05).

Regarding the functional outcome, there was a significant reduction of the disability measured by
the WeeFIM (p < 0.05) and a non significant increase in the score of GMFM.

3.2. 3D motion analysis

One year after SDR all spatio-temporal parameters were more similar to the data corresponding to
healthy subjects but only cadence resulted significantly different at T1 compared to TO (p < 0.001).

The results of the statistical analysis of kinematic data are presented in Fig. 3. Statistically
significant differences from TO were on the foot progression, on the plantar-dorsiflexion and on the
knee flexion/extension: the equinus foot was reduced especially in terminal stance and initial swing
phase and the hyperflexion of the knees were in the stance phase.
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Fig. 3. Kinematic gait curves Gait analysis was performed before selective dorsal rhizotomy (mean between subjects,
continuous line) and after selective dorsal rhizotomy (mean between subjects, dashed line). Data are compared with
ones of healthy subjects provided by the equipment constructor (grey band). For each gait subphase significant
differences between before and after selective dorsal rhizotomy (p value < 0.05) are marked in terms of mean amplitude
(black x), range of motion (black 0), and starting angle (black +).



10

3.3. Energy cost and optimal speed

Fig. 4 shows the gross metabolic cost values as a function of speed, recorded at 0.6, 1.8, 3.0,
4.2 km h! tested speed on treadmill. The highest tested speed was 6.0 km h™! but no one patient
reached 6.0 km h™! in the pre-SDR phase and we decided not to considerate such speed in data
analysis. Fig. 4 shows that for each tested speed energy cost of locomotion after SDR are lower than
before SDR, in mean values and for each patient.

cw
[-m"-kg"]
o
o

Cw
[em"kg']
i
o

0 0.6 1.2 1.8 24 3 3.6 4.2 0 0.6 1.2 1.8 24 3 36 4.2

Fig. 4. K4 data for: energy cost of walking (Cw) as function of speed (v) for selected walking speeds, with
characteristic U-shape patterns (A); second grade polynomials as interpolating functions of the Cw data as a function of
speed (B); Heart rates (HR) as function of speed (C); Oxygen uptakes (VOz-kg™) as function of speed (D). K4 was
performed before selective dorsal rhizotomy (mean value between subjects marked with black square and continuous
line) and after (mean value between subjects marked with black circle and dashed line. Uncertainty bars are drown in
the same format). Significant differences between before and after treatment are marked with 2 symbol (p value < 0.05).

For all the patients energy cost of locomotion has been plotted as function of the different
velocities. Energy cost data were fitted with 2nd order polynomial functions, both before and after
the SDR (before: C(v) = 2.2297v? - 15.631v + 34.411, R2 = 0.9892; after SDR: C(Vv) = 1.8353v? -
12.776v + 27.936, R2 = 0.9997). These functions present the typical energy cost “U shape pattern”
and show minimums at 7.02 km*h-1 and at 5.70 km*h-1, before and after SDR respectively. These
minimums can be considered to correspond to the optimal speed. Furthermore before SDR energy
cost of locomotion tends to decrease more monotonically with speed than after SDR. At 0.6 km*h-1
heart rate and oxygen uptake resulted statistically significant reduced after surgery.
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4. Discussion

In our study an assessment and outcome evaluation protocol for spastic children with CP operated
on by SDR is presented.

The protocol contains the following validated clinical and instrumental measures, commonly used
in the neurorehabilitation units: pRoM, modified Ash scale, MRC scale, SCALE, WeeFIM,
GMFM. They explore the different components of the ICF:

— body structure and function, by pRoM, Ash, MRC, SCALE, 3-D gait analysis, energy cost
measurements;

— activities/participation, by GMFM and FIM.

These measures allow a more comprehensive representation of child's functioning. They permit a
more firmly grounded evaluation of the effectiveness of SDR.

A multidimensional assessment approach has already been adopted by previous early studies and
controlled clinical trials.*® 472448 \With this approach, comparing diplegic children that underwent
SDR plus intensive physiotherapy with similar children treated only with physiotherapy, a
significant improvement in gross motor function was found in SDR by Steinbock et al.*®¢ and
Wright et al.*® On the other hand, the study of Mac Laughlin et coll.*’ did not found this difference,
and concluded that SDR may not be more efficacious than intensive physiotherapy alone in children
with mild spastic diplegia.

In our study 7 out of 9 children were affected by mild spastic diplegia (GMFCS level I1): in these
children we observed a positive improvement in the clinical measured data and the gait analysis
results. Therefore we found that SDR for this group of high functioning children is beneficial in
their gait training and gait performance. These findings concurred the previous studies of short term
improvement for high functioning GMFCS level Il patients?? maintained at long term.3?

In conclusion, if at the earlier days SDR was recommended for GMFCS level Ill patients,
nowadays, with more collected data, it seems to help also the higher function CP children in terms
of mobility gain. Our protocol is quite simple and met good compliance with the patients and their
family (and the operators!).

Finally our experience showed that the contextual factors, personal and environmental, play an
important role. Particularly the motivation of the child to improve his condition, his good
compliance to the surgical and rehabilitative treatment, and a strong support by the family are
fundamental to achieve the best functional results. These factors should be considered, as we did,
among the eligible criteria of a candidate for SDR.

As far as the results at one year follow-up, our study corroborates the results of other previous
reports, showing for all patients undergoing SDR a significant motor and functional
improvement, 20 21 and 22

Resistance to passive movement, as measured by the modified Ash scale, demonstrated a significant
reduction, mainly in the hamstrings and in the triceps surae; moreover pRoM were larger than
before SDR mainly in the knee and in the hip. These data are similar to those reported in most of
the studies, allowing Steinbock in his 2007 review'® to conclude that there is very strong evidence
that SDR provides a significant improvement of lower limbs spasticity. Spasticity reduction
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represents the first aim of this intervention and this aim has to be considered as achieved. Moreover
on the bases of some long-term previous studies we expect that this reduction of spasticity would be
maintained for at least 5-20 years,'% 12@94 then possibly all over the life time.

The muscle strength on MRC Scale for knee flexor and extensor and foot plantar flexors and dorsal
flexors muscles are significantly different, showing a higher score after SDR. This has been
observed also by Gul et al.,° who found that the quadriceps strength was significantly increased 1
year and 5 years after SDR. Also Engberg?® documented significant strength gains in children with
spastic CP treated by SDR plus physiotherapy compared to children treated only by physiotherapy.

One-year after SDR, there is a statistically significant improvement of the selective motor control
(on the SCALE evaluation). These data also are confirmed by other studies.?® 2% 2122

We could hypothesize that the increase in muscle strength and the improvement of the selective
motor control are due to the decrease of spasticity, to the decrease of opposition to agonists exerted
by the spastic antagonist, and thus be related to the reduced co-contractions between agonists and
antagonists muscles. With reducing of spasticity, the weak muscles without the persistent
hyperexcitability allows the training to regain the muscle strength through intensive exercise and
motor learning.

Moreover there is great interest for the data reported from the functional MRI findings, showing an
important rearrangement of the sensory-motor areas in the brain after SDR.%° All these observations
strongly support the benefits of reducing spasticity also in terms of improving voluntary movements
and rearranging brain areas belonging to the motor system.

We found significant change in WeeFIM evaluation, as in Cole,?! but not in GMFM. This may be
explained by the good gross motor ability the patients showed before SDR (thus revealing a ceiling
effect): all the children before SDR had a GMFCS level of 11 or Ill, so we could image that the
results depends by the no-use of the aids after SDR. The results could be related to the long time
needed for some GMFM items to show changes.

Regarding 3D-motion analysis, our post- SDR kinematic data at the various phases of the stride
(displacement of ankle, knee flexion and extension movement, foot progression) are often
significantly different from the preoperative ones. Fig. 3 shows that after SDR the walking pattern
of patients with CP becomes more similar to the controls, as previously suggested in other
studies.?! 2221425 The reduction of spasticity is also reflected in pRoM and in the kinematic data, as
observed in previous studies.® 24 26:32and51 |ndeed pROM of the knee and hip are significantly larger
after SDR. Thomas et al.?® did not find an increased range of motion but they described an increase
dorsiflexion in the midstance phase. Gul® found an increase in the range of motion of hip
(abduction), knee (extension) and ankle (dorsiflexion). pRoM modifications seems to be maintained
till 10 years after SDR as reported by Langerak et al.3

The optimal speed and the relative energy cost of locomotion did not change significantly, as in
Chan.?? However optimal speed showed a trend towards increase, and energy cost of locomotion
towards decrease, suggesting a trend (even if not significant) for the improvement in speed and
economy of locomotion. Decreased energy cost, not only during locomotion but all over daily
activities of children with spastic CP, is an objective measure of the shift of metabolic resources
from spastic muscles to the rest of the body (including brain). Speed of locomotion and related
variables such as energy cost of locomotion can be easily influenced also by anthropometry, and
consequently by the age. These problems can be resolved by means of normalization procedure,
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often employed in case of people of different size such children at different ages. Since no one of
our patients showed significant changes in height before and after SDR, we did not consider
necessary any normalization procedure.

Good results of a surgical treatment usually mean good selection criteria. This is why we hope that
this protocol could help to better select the candidates for SDR, mainly in the more problematic
group represented by children in GMFCS level II.

Finally our experience shown that patients should be continuously and systematically monitored by
the same multidisciplinary team to meet their needs during their development.

4.1. Study limitations

There was no formal control group for this study, since each patient was control to himself. The
sample size was really small. The short-term design was specifically aimed at describing our
assessment and outcome evaluation protocol and evaluating the effects of SDR. In this study the in-
patient rehabilitation is standardized, but variations inevitably exist. We cannot exclude that the
effects here described are due to the presence of the surgical intervention plus the rehabilitation
sessions. It should nevertheless be noted that all the treated children were not rehabilitation naive,
and their pre- SDR regimen was the same as that followed after the first 8 weeks post surgery.

5. Conclusion

We think that the key finding of the present paper is that a multidimensional clinical and
instrumental assessment of patients with CP allowed us to precisely measure the benefit one year
after SDR. Our set up and method was simple and the study met with a good compliance by the
patients and their family. The clinical scales used are internationally validated and commonly
utilized in rehabilitation units. Nowadays three-dimensional motion analysis is highly diffuse in
clinical settings, and it allows quantitative and objective evaluation of biomechanics parameters
while subjects are performing specific tasks. Energy cost measurements document how the
beneficial shift of metabolic resources from spastic muscle to the entire organism.

According to other previous studies?® 212422 and clinical trials, our study findings show that a
multidimensional clinical and instrumental assessment is essential to evaluate the results of SDR.
By evaluating the indicators of various dimensions of human functioning SDR, followed by
intensive physiotherapy, seems to be an effective treatment for CP children with spastic diplegia,
especially for those with high motor function (GMFCS level I1) and normal intelligence. In this
group of patients SDR leads to a beneficial outcome regarding quantitative gross motor function,
performance of functional skills and activities, as well as increased independence in self-care and
mobility.

Acknowledgments

The authors would like to thank Dr. Pellegri, Dr. Salghetti, Dr. Nogarol, Dr. Milani, Dr. La Gamba,
Dr. Ancona, Dr. Scattin for their help in the selection of the children and Gualdi Eng for the
collection data.


http://www.sciencedirect.com/science/article/pii/S1090379814000907#bib20
http://www.sciencedirect.com/science/article/pii/S1090379814000907#bib21
http://www.sciencedirect.com/science/article/pii/S1090379814000907#bib22

14

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Foerster O. On the indications and results of the excision of posterior spinal nerve roots in man.
Surg Gyn Obstet 1913;16:463e74.

Gros C, Ouaknine G, Vlahovitch, Frerebau P. La radicotomie s_elective post_erieure dans le
traitement neuro-chirurgical de I'hypertonie pyramidale. Neurochirurgie 1967;13:505e18.

Fasano VA, Barolat- Romana G, Ivaldi A, Sguazzi A. La radicotomie posterieure fonctionelle
dans le traitement de la spasticit_e c_er_ebrale. Neurochirurgie 1976;22:23e4.

Fasano VA, Barolat-Romana G, Zeme S, Sguazzi A. Electrophysiological assessment of spinal
circuits in spasticity by dorsal root stimulation. Neurosurgery 1979;4:146e51.

Peacock WJ, Arens LJ. Selective posterior rhizotomy for the relief of spasticity in cerebral
palsy. S Afr Med J 1982;62:119e24.

Farmer JP, McNeely PD. Surgery in the dorsal roots for children with cerebral palsy. In:
Schmiedek, editor. Operative techniques in neurosurgery. Elsevier; 2005. pp. 153e6.

Park TS, Johnston JM. Surgical techniques of selective dorsal rhizotomy for spastic cerebral
palsy. Technical note. Neurosurg Focus 2006;21:e7.

Zeme S, Pellegri A. Selective dorsal rhizotomy for spasticity. In: Lavano A, Landi A, Lanotte
M, editors. Handbook of stereotactic and functional neurosurgery, 24. Torino: Ed. Minerva
Medica; 2011. pp. 194e207.

Vaughan CL, Subramanian N, Busse ME. Selective dorsal rhizotomy as a treatment option for
children with spastic cerebral palsy. Gait Posture 1998; 1;8(1):43e59.

Gul SM, Steinbok P, McLeod K. Long-term outcome after selective posterior rhizotomy in
children with spastic cerebral palsy. Pediatr Neurosurg 1999;31(2):84€95.

Steinbok P. Outcomes after selective dorsal rhizotomy for spastic cerebral palsy. Childs Nerv
Syst 2001;17(1e2):1e18.

Josenby AL, Wagner P, Jarnlo G, Westbom L, Nordmark E. Motor function after selective
dorsal rhizotomy: a 10-year practice-based follow-up study. Dev Med Child Neurol
2012;54:429e35.

Trost JP, Schwartz MH, Krach LE, et al. Comprehensive shortterm outcome assessment of
selective dorsal rhizotomy. Dev Med Child Neurol 2008;50(10):765e71.

Armstrong RW, Steinbok P, Cochrane DD, Kube SD, Fife SE, Farrell K. Intrathecally
administered baclofen for treatment of children with spasticity of cerebral origin. J Neurosurg
1997;87(3):409e14.

Albright AL. Intrathecal baclofen in cerebral palsy movement disorders. J Child Neurol
1996;11(1):S29e35.

Steinbok P. Selective dorsal rhizotomy for spastic cerebral palsy: a review. Childs Nerv Syst
2007;23(9):981e90.

Farmer JP, Sabbagh AJ. Selective dorsal rhizotomies in the treatment of spasticity related to
cerebral palsy. Childs Nerv Syst 2007;23:991e1002.

Tilton A. Management of spasticity in children with cerebral palsy. Semin Pediatr Neurol
2009;16(2):82€9.



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

15

Pin TW, McCartney L, Lewis J, Waugh MC. Use of intrathecal baclofen therapy in ambulant
children and adolescents with spasticity and dystonia of cerebral origin:a systematic review.
Dev Med Child Neurol 2011;53:885e95.

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(1 Suppl.):8e15.

Cole GF, Farmer SE, Roberts A, et al. Selective dorsal rhizotomy for children with cerebral
palsy: the Oswestry experience. Arch Dis Child 2007;92(9):781e5.

Chan SH, Yam KY, Yiu-Lau BP, et al. Selective dorsal rhizotomy in Hong Kong:
multidimensional outcome measures. Pediatr Neurol 2008;39(1):22e32.

Cahan LD, Adams JM, Perry J, Beeler LM. Instrumented gait analysis after selective dorsal
rhizotomy. Dev Med Child Neurol 1990;32(12):1037e43.

Abel MF, Damiano DL, McLaughlin JF, et al. Comparison of functional outcomes from
orthopedic and neurosurgical interventions in spastic diplegia. Neurosurg Focus 1998;4(1):e2

Thomas SS, Aiona MD, Pierce R, Piatt 2nd JH. Gait changes in children with spastic diplegia
after selective dorsal rhizotomy. J Pediatr Orthop 1996;16(6):747e52.

Boscarino LF, Ounpuu S, Davis 3rd RB, et al. Effects of selective dorsal rhizotomy on gait in
children with cerebral palsy. J Pediatr Orthop 1993;13(2):174e9.

Subramanian N, Vaughan CL, Peter JC, Arens LJ. Gait before and 10 years after rhizotomy in
children with cerebral palsy spasticity. J Neurosurg 1998;88(6):1014e9.

Grunt S, Becher JG, Vermeulen RJ. Long-term outcome and adverse effects of selective dorsal
rhizotomy in children with cerebral palsy: a systematic review. Dev Med Child Neurol
2011;53(6):490e8.

Tedroff K, L€owing K, Jacobson DN, Astr€éom E. Does loss of spasticity matter? A 10-year
follow-up after selective dorsal rhizotomy in cerebral palsy. Dev Med Child Neurol
2011;53(8):724€9.

MacWilliams BA, Johnson BA, Shuckra AL, D'Astous JL. Functional decline in children
undergoing selective dorsal rhizotomy after age 10. Dev Med Child Neurol 2011;53(8):717e23.

Langerak NG, Lamberts RP, Fieggen AG, et al. Selective dorsal rhizotomy: long-term
experience from Cape Town. Childs Nerv Syst 2007;23(9):1003e6.

Langerak NG, Tam N, Vaughan CL, et al. Gait status 17-26 years after selective dorsal
rhizotomy. Gait Posture 2012;35(2):244¢9.

Medical Research Council. Aids to the examination of the peripheral nervous system. London:
Her Majesty's Stationery Office; 1976. Memorandum no. 45.

Bohannon RW, Smith MB. Interrater reliability of a modified Ashworth scale of muscle
spasticity. Phys Ther 1987;67:206e7.

Fowler EG, Staudt LA, Greenberg MB, Oppenheim WL. Selective control assessment of the
lower extremity (selective motor control scale): development, validation, and interrater
reliability of a clinical tool for patients with cerebral palsy. Dev Med Child Neurol
2009;51(8):607e14.

Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content validity of the expanded and
revised gross motor function classification system. Dev Med Child Neurol 2008
Oct;50(10):744e50.



37.

38.

39.

40.

41.

42.

43.
44,

45,

46.

47.

48.

49,

50.

51.

16

Msall ME, DiGaudio K, Rogers BT, et al. The functional independence measure for children
(WeeFIM). Conceptual basis and pilot use in children with developmental disabilities. Clin
Pediatr 1994;33(7):421e30.

Davis RB, Davis RB, Ounpuu S, et al. A gait analysis data collection and reduction technique.
Hum Mov Sci 1991;10:575e87.

Lucia A, Fleck SJ, Gotshall RW, Kearney JT. Validity and reliability of the Cosmed K2
instrument. Int J Sports Med 1993;14(7):380e6.

Marconi V, Carraro E, Trevisi E, et al. The locomotory index in diplegic and hemiplegic
children: the effects of age and speed on the energy cost of walking. Eur J Phys Rehabil Med
2012;48(3):403e12.

World Health Organization [WHO]. The international classification of functioning,disability
and health [ICF]. Geneva: World Health Organization; 2001.

Langerak NG, Hillier SL, Verkoeijen PP, et al. Level of activity and participation in adults with
spastic diplegia 17e26 years after selective dorsal rhizotomy. J Rehabil Med 2011;43(4):330e7.

Zeme S. Posterior functional lumbo-sacral rhizotomy. J Neurosurg Sci 2003;47(Suppl. 1):60e4.

Perry J. Gait analysis, normal and pathological function. New York: McGraw-Hill; 1992. pp.
435¢€6.

Del Din S, Carraro E, Sawacha Z, et al. Impaired gait in ankylosing spondylitis. Med Biol Eng
Comput 2011;49(7):801e9.

Steinbok P, Reiner AM, Beauchamp RD, Armstrong RW, Cochrane DD, Kestle J. A
tandomized clinical trial to compare selective posterior rhizotomy plus physiotherapy with
physiotherapy alone in children with spastic diplegic cerebral palsy. Dev Med Child Neurol
1997,39:179e84.

MacLaughlin J, Graubert C, Hays RM, Roberts TS, Price R, Temkin N. Selective dorsal
rhizotomy: efficacy and safety in an investigator-masked randomized clinical trial. Dev Med
Child Neurol 1998;40:220e32.

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;40:239e47.

Langerak NG, Lamberts RP, Fieggen AG, et al. Functional status of patients with cerebral palsy
according to the international classification of functioning, disability and health model: a 20-
year follow-up study after selective dorsal rhizotomy. Arch Phys Med Rehabil
2009;90(6):994e1003.

Ojemann JG, McKinstry RC, Mukherjee P, Park TS, Burton H. Hand somatosensory cortex
activity following selective dorsal rhizotomy: report of three cases with fMRI. Childs Nerv Syst
2005;21(2):115e21.

Langerak NG, Lamberts RP, Fieggen AG, et al. A prospective gait analysis study in patients
with diplegic cerebral palsy 20 years after selective dorsal rhizotomy. J Neurosurg Pediatr
2008;1(3):180e6.





