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- A randomized

clinical trial to
‘compare selective
posterior rhizotomy
plus physiotherapy
"_wlth-physmtherapy |
alone in children with
“spastic diplegic
‘cerebral palsy

“Robert W Armstrong )
"D Douglas Cochrane

A tandomized controlled sing'le-blihd trial :wa..s performed to -

. compare lumbo-sacral selective posterior rhizotomy (SPR)

_followed by intensive physiotherapy, with intensive
physiotherapy alone in improving motor function in children
with spastic diplegic cerebral palsy. Fifteen patients were

- -randomly assigned to each treatment modality. Patients in

the SPR group had rhizotomy within 1 month, followed by

- intensive outpatient physiotherapy for 9 months. Patients

assigned to physiotherapy aloné had identical intensive

physiotherapy. There was a statistically significant and

clinically important difference in improvement in motor

function in favor of the SPR group, with a mean increase in

total Gross Motor Fun¢tion Measure (GMFM) score of 11. 3% '

at 9-months for the SPR group compared with §.2% for the
physlotherapy-only group (P=0.007). Significant

.. improvements in spasticity (P<0.001) and range of - v
movement (P<0.001) weére noted in the SPR group compared
to the physiotherapy-only group. The results indicate that the

improvement in motor function after SPR is more than can
be explained by the associated intensive physiotherapy.
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Selective posterior rhizotomy (SPR) is currently performedin .

‘many centers for the treatment of spasticity associated with
“cerebral palsy (CP). with the aim of rechicing spasticity and

increasing range of movement. in the lower limbs. with the
expectation that this will improve the motor function of the

- child. Favorable results have been reported after this opera-
‘tioh by many workers in the field (Fasano et al. 1980, Peacock .

and Staudt 1991, Steinbok et al. 1992, Abbott et al. 1993, Park

et ill."_1993. Peter and Arens 1993, M(-Laughlin et al. 1994,

Albright et al: 1995). None of the above reports has been based ..
on randomized clinical trials, and it has not been possible to
determine whether the positive results noted after the rhizoto-
my procedure are due to the operation itself or to the intensive
phvsiotherapy that is usually given after SPR (Landau and

‘Hunt 1990, Gialiani 1991, Park and ()m-n 1992 Me Laugh]m

etal: 1994). :
“The objective of this study was to (lotermmo whether

Jumbo-sacral SPR followed by intensive physiotherapy was

more effective than intensive physiotherapy alone in improv-

. ing motor funetion in children with spastic diplegic (‘P

Method
DESIGX AXD SETTING

o I‘hls“nsabméle centre randomized single- l)lln(ltlldl(()lnpdl
" ing two treatments for lower-limb spasticity: SPR plus inten-

sive physiotherapy; and intensive physiotherapy alone. The
study was designed to compare the efficacy of these two treat-
ments in improving the gross motor funetion of children ()

‘months aftertreatment.

" The total score of the Gross Motor Function Measure _
(GMFM) w as chosen as the primary outcome measure for this
study because it was the only functional assessment tool that
had been stan(ldl(llze(l and validated for use in children with )
spdstlc( P(Russellet al. 1989, Haley et al, 1991).

The study was conducted at British Columbia’s Children’s
Hospital. the only tertiary care referral children’s hospital in
the province of British C'ojJumbia. The study was approved by
the Ethics Committee of the University of British Columbia.

Fifteen children were randomly.assigned to each arm of the
study. One child in each group dropped out after randomiza-
tion: the parents of one child assigned to the physiotherapy-
only group decided that they were not prepared to wait for

‘surgery later, and the parents of the other child assigned to the
'SPR group later refused rhizotomy. Children in the SPR group

ranged in age from 35 to 75 months (mean 50 months. median
47 months), and in the control group from 35 to-77 months

{mean 47 monthb median 12 months).

Six children who were potentially eligible were not entered

" into the study, but went on to undergo a rhizotomy. Three of

these patients.did not meet all the eligibility criteria:in-two

.cases there was uncertainty about the availability of intensive

physiotherapy. and for one child with significant hip subluxa-
tion there was concern about the possibility of a delay in surgi-
cal treatment. The other three children were eligible for the
study but the parents refused. to -participate, preferring

" instead to proceed to an electively scheduled rhizotomy.

. The comparability of the treatment-and control groups was
asscssed by examining baseline measarements of all the out-
come measures, including GMFM, Physiological Cost Index,

- Peabody Fine Motor Scale, self-care assessment score and 10

measures of range; spasticity and strength. There were no sig-
nificant differences between “the two groups at baseline -



.(Tdble 1). All (hilillen had been receiving active supportive

therapy. with a minimum of one session weekly with a  physio- -

therapist, before entry to the study.
The amount of physiotherapy given by a physiotherapist
~ overthe9 months of the study averaged 81.8 hours (range 72 to
90 hours) for the SPR group, compared with 81.3 hours (range
70t0 89 hours) for the physiotherapy-only group.
For the children undergoing SPR, the mean percentages of
" the posterior roots cut were 58% for L2, L3. L5 and 81 com-

bined,; 42% for L4, and 40 % forS2,

Potential subjects were reviewed by an orthopedic surgeon.
neurosurgeon and physiotherapist to determine whether they

were eligible for the study in fulfilling the following criteria:
spastic diplegic CP with no athetoid or ataxic component to
their neuromuscular problem: 3 to 7 vears of age: spasticity
severe enough to impair gross motor function;SPR considered

to be appropriate for the child:able to sit on the edge of an -

examining table with armsin the airand able to stand up while
holding on with their hands:intensive physiotherapy in accor-
dance witli the study protocol available in the childs home
‘community;and parents consented to the child being random-
ly asxlgne(l to one of the two groups. Patients were excluded if
there was a planned surgical procedure (orthopedic or other-

wise) during the period of the study, or if it was felt by the

assessors that the child's problems were of such severity that a
9-month delay in pcnfmmmo' a definitive procedure might
compromise the child’s health (e.g. if the hips were subluxed
significantly). Parents were informed that both the physio-
_ therapy alone and the SPR plus physiotherapy had the poten-
~ tial to improve the child. and that if the child was assigned to
the physiotherapy-only arm of the study. the child would be
able to have SPR at the completion of the study if the physi-
cians and parents felt that this procedure was still indicated.
Children who were entered into the study were randomly
- assigned toeithergroup by using a random numberstable. The

randomization was performed by an independent par ty not
~involved with the care of the patient. :
PROCEDURE

‘Children selected for SPR had the operation perfomed within

I month of being assigned to the group. Postoperative man-
agement was standardized, with gradual mobilization after 48
hours of bed rest. and discharge on the 6th postoperative day.

-Children then returned to their home where they received

intensive physiotherapy: Children assigned to the physiotherapy-
only group started their intensive physiotherapy program
within 1 month of being assigned, and received the same
amount and type of physiotherapy asthe SPR group.
(Children in both study groups received intensive physio-
therapy 3 times a week for 3 months, and twice a week for 6
months, - using equivalent techniques of treatment.
Physiotherapy consisted of passive range of motion of the
joints of the lower limbs: strengthening to hip abductors and
extensors, knee extensors, and ankle dorsiflexors; and for 40
minutes of each 1-hour session, the practice of normal pat-
terns of movement based on neurodevelopmental theory
(Bobath 1967). Because the usual protocol after SPR involves
much standing and walking, the physiotherapist treating each
c¢hild in the physiotherapy-ouly group was instructed to place
as much emphasis on weightbearing as if the child had under-
gone SPR. A home physiotherapy program, as outlined by the
study physiotherapist, was taught to parents and monitored
by the child’s community physiotherapist. Records of the
physiotherapy sessions were kept by the parents and by the
physiotherapists, and these were provided to the study coordi-

"nator.

SPRinvolved partial posterior thizotomies from L2 to 82.
via laminotomies from L1 to S1. Each posterior root was split
into three to six rootlets, each of which was stimulated within
4em of the root exit foramen with two unipolar electrodes
(Modified Insulated Ball Dissectors; Aesculap Surgical
Instruments. Burlingame, CA., USA). Recordings were made
with silverfsilver (hlon(le electrodes applied over the muscle
bellies of the hip adductors, vastus medialis, tibialis anterior

. and gastrocnemius in the lower limbs, deltoids and extensor

digitorum communis in the upper limbs, and sternocleidomas-
: | S
toid and masseter. The threshold fora résponse wasidentified by

' Table 1: Mean baseline values and 95% CI for all outcome measures in both groups..

Assessment SPR  Physiotherapy SPr Phyxiotherapy
AY AY Mean (1) Mean (1)
GMFM 14 15 60.7 (51.4-70.0) 62.7 (24.4--71.0)
* Physiological Cost Index 6 b1 1.07 (0.67-1.47) 1.03 (0.46-1.59)
Peabody score : 14 15 313 (484-541) 508 (485-531)
. Self-care assessiment score 14 ’ 15 448 (29.7-60.0) 37.4 (24.7-50.1)
Spasticity (Ashworth score) )
~ Hipadductors . 4 15 3.36 (3.0-3.7) 3.1 (2.7-3.5)
- Knee flexors b1 b 2.9 (2.2-3.6) X (1.-3.7)
-Ankle plantarflexors 14 15 4.0 (3.7-4.3) 3.3 (2.9-3.7)
Range of inotion (degrees) ' ’ ' :
Hip abduction : 14 . 15 25.8 {20.8-30.8) 319 (26.9-36.9)
Knee extension 14 ) 15 138.3 ©(129.5-147.1) 1443 (136.5-152.0)
Ankle dorsiflexion 7 i 4 -11.3 (-15.1-7.5)- - -14.1 (-29.5-1.3)
Muscle strength (kg force) ' ' '
Knee extensors b1 °d 7.0 (4.0-10.0} 6.5 (4.5-8.6)
Hip extensors 5 b3 2.1 (0.7-3.5) 1.5 (0.1-3.0)
Hip abductors 5 5 2.5 (1.3-3.8) 2.6 (1.3-3.8)
Ankle dorsiflexors 5 5 1.9 (0.6-3.1} 1.8 (0.3-3.3)

SPR =8PR plus physiotherapy group, Physiotherapy'= physiotherapy-only group.
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: {yhcther there was an incision on the back, and the parents
were specifically instructed not to indicate to the assessor
‘what treatment the child was receiving or had received. The
assessorswere instructed not to discuss the possible treatment
-of the child or results of the assessment with the parents. All
outcome assessment sessions were monitored for inadvertent
breaksin the blinding protocol.

The total score of the Gross Motor Function Measune
(GMFM) was chosen as the primary outcome and end point of
the study. The validity, reliability and responsiveness of the
GMFM have been demonstrated in'a population of patients
similar to those that were studied (Russell et al. 1989,
McLaughlinet al. 1994). Assessments were performed by phys-

iotherapists who had been trained in the use ofthe GMFMin

children with CP
A number of other parameters were  assessed as secondary
outcome measures:

1. Muscle strength (kg) of hip extensors, abductors,
quadriceps and ankle dorsiflexors with the use of a hand-held
myometer (Hyde et al. 1983). This measure was used to assess
only those patients who were able to cooperate adequately at
the time of the initial assessment.

2. Muscle tone of hip adductors, knee flexors and ankle
plantar flexors with the use of a modified Ashworth scale
(Bohannon and Smith 1987). _

3. Range of motion at hips. knees and ankles measured
with a goniometer using standardized anatomical landmarks
and the methods as proposed by the American Academy of
Orthopedic Surgeons (American Academy of Orthopedic
Surgeons 1965). .

+. Physiological Cost Index, which momtmsbpoc(lofwalk-
ing and heart-rate simultaneously, and combines these two
parameters as an index of locomotor function. The measure
has been shown to be reliable and sensitive to the increased

Table III: Mean change and standard deviation of the change (SD) between the values at
baseline and 9 months for the secondary outcome measures for both groups

Assessment 7o | S A Physiotherapy t Ry
N Change” 8D N Change 8D
Physiological Cost Index - 6 -03 015 A 027 048 014 0.89

Peabody score
Self-care assessment score
Spasticity (Ashworth scom)
Hip adductors
Knee flexors
_Ankle plantarflexors
Range of motion {degrees).
Hip adductors
Knee flexors
Ankle plantarflexors
Muscle strength (kg foree)
Knee extensors
Hip abductors
Hip extensors
Ankle dorsiftexors

4 - 224 202 4 174 154 0.73 0.48
14 10.5 101 14 1.3 75 -0.28 (.78

14 -4 06 4 03 06 -486 <0.001
14 -1 05 4 01 0.7
4 -1 06 14 0 0.8 .
14 158 106 4 -33 86 524 <0.001
14 156 156 4 =21 109

7 18 59 2 175 0 141

5 02 15 5 0.7 15 048  0.64
5 05 12 5 02 06

5 09 1.0 5 0.5 1.2

5 13. 1.1 5 0.6 14

Positive numerical changes indicate improvement and for all outcome measures except Physiological
Cost Index and spasticity. SPR = SPR plus physiotherapy group. Physiotherapy = physiotherapy-
only group, N = Number of subjects assessed. :

Table IV: Ambulatory status at baseline and at 9 months for both groups

___Baseline
Hnll.zn_/ status

Y Hnll.m_/vmtux A

sPe Physiotherapy
Baseline - ~9mo
Walking status N Walking status N

S mo

Hands held -

~ Walker

Unsupported

3 Handsheld 3

Hands held 4 Handsheld 4
Walker 2 )
bY Walker 2 Walker 7
) Crutches 2
Unsupported 1

4 C 4

“Watker

-1

Unsupported 3 Unsupported 3

Ali children could walk and were categorized in order of increasing function. as
walking with'hands held’,"walker’ "crutches’or umupportod SPR =SPR plus
phvsiotherapy group. Physiotherapy = physiotherapy-only group.

Selective Posterior Rhizotomy Versus Physiothcmpy PSteinhoketal. 181



physiological demand of walkingin those with spasticity of the

- Tower limbs (Butler et al. 1984). It was used to assess only sub-
‘jectswho were able towalk (mdepondvnt lv orwit haids)at fn st
. assessment.

5. The Pcabod\ Fine Motor S¢ ale. a standalduod measure .

of fine motor function (\tol\(‘s et al. 1990).
8. A locally developed, non- standdx(h/vd (nt(nun lcfex-
enced evaluation of self-care. '
7. Ambulatory status.
_A sample size of 15 children per group was determined on
_the basis of expected score changes on the GMFM and the pre-

vious work of Russell et al. (1989). who reported that a change

in score of 5.1% represented an improvement of moderate to
major clinical importance. Because of the invasive nature of

the SPR it was felt that to justify the surgery one would need .
to show a difference between the SPR group and the physio- =

therapy-only group that was of moderate to major clinical
“importance in favor of the SPR-group. Such a clinically impor-

tant difference required that there should be an itnprovement’

of at least 5.1% in the GMFM scorein favor of SPR. From the
sample size estimate of Russell et al. {1989) it was estimated
that 15 children per group were requin od to test the hypothesm
ata po“m of 90% dnd o =0.05.

CANALYSIS :

© The mean change in ( :)IF\[ seore from baseline to 9 months in
the two groups was compared with the f test for m(lepen(lent
means. A number of secondary. outcomes were analyzed,
including lower-limb muscle strength, spasticity and range of
‘motion: Peabody Fine Motor Scale: Physiological Cost Index:
and the criterion-réferenced measure of self-care. In these
analyses. ¢ 0nfinuou> measures were compared with £ tests for
' ‘m(lopon(lent means. As in our previous work (Stembok et al.

1993), one measure each of spasticity; range of motion, and
muscle strength w s chosen beforehand for statistical analy-
~ sis. For spasticity, hip adductor spasticity was chosen because
it is functionally significant and generally representative of
the overall degree bof lower-limb spasticity. For range of,

‘motion. hip abduction was chosen because it is functionally

significant and relates to the hip adductor spasticity. For mus-

‘cle strength, the knee extensors were chosen because these -

muscles are important for standing and walking. The two

“treatment groups were compared on each of these three mea- -

_sures. and a Bonferoni correction for multiple comparisons was
used (P=0.05/4 =0.0125 was accepted as significant).

MONITORING OF STUDY PROTOCOL

. All children eligible for the study were accounted for, and if
* they did not enterthe study the reasons forthis were identified.

Children whoentered the study but withdrew early were identi-

fied and the reasons for withdrawal documented. (aregivers

" were advised not to mstltute additional tr eatmentb forthe chil-

_ dren'during the course of the study, and this was monitored
throughout thestudy toidentify any possible non-compliance..

‘Results
PRIMARY OUTCOME
The mean increase in the total (;\IF\I score at 9 months was
11.3% (95% C1,7.4t0 15.2) for the SPR group compared with
5.2% (95% CI, 3.1 to 7.2) for the physiotherapy-only group,
. for a difference in means of 6.1 %.This difference between the
* means for the two groups was significant (¢ = 303, P = 0.007).
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The details of the individual assessments; aceording to each

of the five dimensions that comprise the total GMFM score,
areshown inTable 1. '

SEC ()\I)AR\ OUTCOMES

"There wasa difference between the two groupsin thei nnpl ove-

ment in spasticity, as measured in the hip adductors. with a

mean decrease in spasticity of 1.4 units on the Ashworth scale,

forthe SPR group compared with 0.3 units forthe physiother-

apy-only group. This difference in medns was significant

{P<0.001}. Change in spasticity in other muscle groups fol-
lowed a similar pattern. as shown.in Table 1. There was a
greater improvement in the rangé of movement, as measured
by hip abduction, in the patients having SPR (15.8°) than in

those receiving physiotherapy (-3.3°). The difference in the -

mean change between the two groups was significant
(P<0.001). Changes in range of movement at other joints are
detailed in"Table 111. There was no difference in the change in
guadriceps strength between the two groups (P = 0.64).

There was no signific dnt difference between the SPR
group and the physiother apy-only group with respect to the

Physiological Cost Index, Peabody Fine Motor Scale and -
self-care assessment score (Table HI). There were technical -

problems with the PhYbl()l()gl(dl Cost Index, in that the rest-

- ing ‘heart rate was variable ‘between assessments, making

interpretation of the data difficult. Inthe SPR group, ambula-
tory status improved in five of the 10 children who were not

) \\’dlklllgm(lepen(lentlv at'theirinitial assessment, whereas no
patient in the physiotherapy-only group had an llnpl oved

level of ambulation {Table IV).

%ll patients in the physiotherapy-only group \\ont on to
have SPR after the conclusion of the study.

- There were no complications in the physiotherapy—only
group. Inthe SPR group there was one postoperative infection
witha spinal epidural abscess and one case with transient uri-
nary retention, which resolved by the fourth postoperative

N day. One child; at 9 months after SPR, complained of back

pain, which resolved spontaneously within 2 days.
No patient on the study was given additional therapies out-

. side the preseribed study protocol. There was one protocol non-

compliance with respect to the blinding process forthe outcome -
- assessments, and because that occurred after the final assess- -
* ment forthe patient no corrective Imeasures were necessary.

stcussxon

Although there have been no plevlouamndomued (ontlolled‘ _
studxgs. analyses of outcome after SPR have been reported

from many centers. Spasticity and range of movement in the

" lower limbs have consistently béen reported to improve after

SPR (I_’eacocl-: and Staudt 1991: Steinbok et al. 1992, 1995,
Park et al. 1993; McLaughlin et al. 1994: Marty et al. 1995;
Nishida et al. 1995). Improvement in ambulation has been

_demonstrated qualitatively (Steinbok et al. 1992,:1995; Peter
and Arens 1993:Marty et al. 1995; Nishida et al. 1995) and with

formal gait analysis techniques {Peacock and Staudt v19'91‘,
Vaughan et al. 1991, Boscarino et al. 1993). Functional
improvements after SPR have been shown by using assessment

“tools, such as the Pediatric Evaluation of Disability Inventory
" and GMFM (Bloom and Nazar 1994, McLaughlin et al. 1994).

In many reports the importance of intensive postoperative

'phymothel apy is stressed (Peacock et al. 1987, Abbott et al.

- 1989, Steinbok et al. 1992, McLaughlin et al. 1994), and



although the protocols vary from one center to another. SPR
* is typically followed by more frequent physiotherapy sessions

than was being provided preoperatively (P Steinbok. unpub--
lisheéd data). Furthermoreé, the postoperative therapy: often

- differs from the usual physiotherapy for children with spastic
diplegia, in that more emphasis is placed postoperatively on
strengthening the lower-limb musculature and praetising
standing and walking. as opposed to stretching exercises for
lower-limb joints and muscles. Thus, even if one accepts on the
basis of the previously described non-randomized studies,
that SPR does improve spasticity and range of movement in
the lower limbs, and does improve function of the child, it
could be that the improvements are not the result of the opera-
tionitselfbut the result of the intensive physiotherapy provid-

" ed inthe postoperative period.

The results of our study showed a significantly greater
improvement in functional outcome as assessed by the GMFM
in the SPR group compared with children in the physiothera-
py-only group. :

" The mean additional improvement of the SPR gl ()up over

the physiotherapy-only group of 6.1% on the GMFM scale was
“notonly statistically significant but is considered to be of mod-
erate to major clinical significance (Russell et al. 1989). This is
reflected by the finding that, whereas there were no improve-
ments in ambulatory status in the children treated with phys-

iotherapy alone, half of the children in the SPR L{;)'()up who

_were not independent ambulators at the start of thestudy, had
improved theirlevel of ambulation at 9 months: afler SPR.

The mean improvement in GMFM noted in the physiother-

- apy-only group was 5.2%. and this has to be assessed in the

light of expected improvements in GMFM as the child

“matures. In astudy of 34 children with mild or moderate spas-

tic diplegic ('P between 3 and 5 years of age, and 24 children
aged 6 years or older, the medn improvement in GMFM after
an average follow-up of 5.4 months was 2.8% for the younger
group and 2.3% for the older children (Russell et al. 1991).
This suggests that intensive physiotherapy as typically used
-after SPR might by itself be of some benefit for children with
" spastie diplegia. Whether the benefit is more than might be

achieved with more standard, less intensive physiotherapy is .

not known. Neitherisit known whetherintensive physiothera-

py-is really necessary to optimize functional outcome after

SPR.

One other similar; mndomlze(l clmlc.\l ‘trial has been
reported in abstract form recently (Drake et al. 1995). In that
study, SPR plus physiotherapy was compared with physio-
-therapy alone in the treatment of children. with spastic
diplegic CP, and a significant improvement in function was
noted in the surgically treated patients compared with the
physiotherapy-only group, using the GMFM as the primary
outcome measure. However, the physiotherapy-only group

n‘light have received less physiotherapy than the surgical

patients. Another randomized clinical trial to compare SPR
plus physiotherapy with ])thlOthel apy alone is in progress in
. Seattle, Washington.

_ In the present study there was no difference bet\\een the
SPR group and the physiotherapy-only group in the other
functional assessment measures that were examined as sec-
ondary outcomes, but it must be recognized thaf the study was
not designed toshow a difference between the two groups with
respect to any of the secondary outcomes. Furthermore, the
Peabody Fine Motor Scale and the locally developed evalua-

* tion of self-care score both reflect primarily upper-limb fune-

tion, which would not be expected to change much after
lumbo-sacral SPR. The lack of change in the Physiological
Cost Index might have been related in part to technical prob-
lems associated with this test and the small number of children
in whom this.assessment was done. Spasticity and range of
movement in the lower limbs improved significantly more in
the SPR group than in the physiotherapy-only group, in keep-
ing with the underlying rationale for doing a SPR, and also .
consistent with the earlier, non-randomized clinical studies. -
Significant complications associated with SPR have gener-
ally been few (Fasanoet al. 1978, Peacock et al. 1987, Steinbok
et al. 1992, Park et al. 1993, Mc¢ Ldughlm et al. 1994), although
serious postoperative complications were noted in one center
in as many as 15% to 18% of patients (Abbott 1992, Abbott et
al. 1993). In the present series there was one serious complica-
tion, namely a postoperative epidural abscess. This was the
only infection to occur in more than 150 rhizotomies which
comprised ourentire series. One ofthe commonly noted effects
of _SPR, which can be a source of morbidity, is postoperative
weakness in lower-limb muscles. This might be of functional
importance when weaknessis prominent in the musclesimpor-
tant for standing and walking, such as the quadriceps femoris

“and the hip abductors (Arenset al. 1989). The weakness is most

marked immediately after SPR, and the preoperative level of
strength is usually regained by 1 year after surgery (Steinbok
et al. 1995). In this study, the change in quadriceps strength
from baseline to 9 months was the same for patients treated
with SPR plus phvsmthmapy as for those receiving physio-
therapy only.

CONCLUSION

In this study, at the relatively short assessment time of 9
months, weshowed that SPR followed by intensive physiother-

*apy improved motor function of children with spastic diplegic

C'P an improvement that was not simply the result of intensive
physiotherapy. Further studies are needed to confirm these -
results. :
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