DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY SYSTEMATIC REVIEW

Editor’s
Choice

Long-term effects of selective dorsal rhizotomy in children with
cerebral palsy: a systematic review

KRISTINA TEDROFF' (3 | GUNNAR HAGGLUND?

| FREEMAN MILLER?®

1 Neuropaediatric Unit, Department of Women's and Children’s Health, Karolinska Institutet, Stockholm; 2 Department of Clinical Sciences Lund, Orthopaedics, Lund

University, Lund, Sweden. 3 Al duPont Hospital for Children, Wilmington, DE, USA.

Correspondence to Kristina Tedroff, Neuropediatric Unit, Q207, Karolinska Institutet, Stockholm S-171 76, Sweden. E-mail: kristina.tedroff@ki.se

This article is commented on by Wright on pages 538-539 of this issue.

PUBLICATION DATA
Accepted for publication 10th June 2019.

Published online 24th July 2019. palsy (CP).

AIM To evaluate the long-term effects of selective dorsal rhizotomy (SDR) 10 years or more
after the procedure and complications observed any time after SDR in children with cerebral

METHOD Embase, PubMed, and the Cochrane Library were searched from their individual

ABBREVIATION
SDR Selective dorsal rhizotomy

dates of inception through 1st June 2018 for full-text original articles in English that
described long-term follow-up after SDR in children with CP. The authors independently
screened publications to determine whether they met inclusion criteria; thereafter all authors

extracted data on patient characteristics, the proportion of the original cohort being followed-
up, and the reported outcomes.

RESULTS Of the 199 studies identified, 16 were included in this evaluation: 14 were case
series and two studies reported a retrospectively assigned comparison group. Evidence
concerning function was limited by study design differences, clinical variability, loss to
follow-up, and heterogeneity across trials.

INTERPRETATION At 10 years or more follow-up, available studies generate low-level
evidence with considerable bias. No functional improvement of SDR over routine therapy is
documented. Furthermore, the long-term effects of SDR with respect to spasticity reduction is
unclear, with many studies reporting a high amount of add-on spasticity treatment. More
long-term follow-up using robust scientific protocols is required before it can be decided
whether the use of SDR as routine therapy for children with CP is to be recommended or not.

Spasticity has traditionally been assumed to be a major
cause of functional limitation in individuals with cerebral
palsy (CP). Consequently, extensive efforts have been made
to alleviate spasticity. Selective dorsal rhizotomy (SDR),
the most invasive and irreversible of such procedures, has
gained in popularity since the 1990s and is now standard
treatment in certain centres. The procedure is typically
performed in the preschool years and, consequently, the
long-term effects lasting into adulthood are of increasing
interest.

Although some reports document the effects of SDR
more than 10 years postoperatively, the outcomes mea-
sured and their interpretation vary. Some conclude that
SDR results in an overall positive effect on activity and
function, while others have observed little or no positive
impact on function, along with a risk of complications and
requirement for major rehabilitation.

Because of the changes in descending pathways, afferent
sensory excitation is altered in spasticity.! Furthermore, in
CP, reciprocal inhibition within spinal circuits is reduced,
and it has been conclusively shown that spasticity is associ-
ated with augmented excitability of the spinal motor neu-
rons." In CP, the supra spinal input is reduced due to the
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underlying central nervous system lesion, and accordingly,
spasticity can be hypothesized to be a normal and physio-
logical response to maintaining the ability to generate max-
imal muscle activation." Supporting this argument is the
fact that a child with CP is not born with spasticity but
experiences a gradual onset and increase of spasticity dur-
ing the first years of life, possibly as a physiological
response to the increased demands of motor develop-
ment."” When the overall modulation of physiological
reflexes is, thus, impaired, normal sensory stimuli cause
excessive efferent activation of the motor units and muscle
tone becomes spastic. In SDR, these excitatory nerve
fibres, emerging from the proprioceptors in the muscle
spindles, are cut selectively at the point where they enter
the posterior or dorsal root of the spinal cord, thereby
attenuating afferent excitation. As a result, SDR provides
long-term reduction of spasticity.”*

Most commonly, the nerve roots to be cut are identified
by neurophysiological testing. Only rootlets that respond
pathologically to stimuli are cut. Today, no standard pro-
cedure, single protocol, or common neurophysiological
methodology has been adopted to identify pathological
rootlets.
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This systematic review and evaluation of relevant litera-
ture focuses on the assessment of individuals with CP 10
years or more after undergoing SDR, and specifically
whether any outcomes related to activity, body function,
and structure are included in the assessment. In addition,
we reviewed complications observed at any time after
SDR. We discuss the potential impact of spasticity in this
context, as well as the perceptual or sensory alterations that
SDR might cause.

METHOD

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist and flow diagram was
used.’ After assigning the Population Intervention Com-
parison Outcome (PICO) protocol, PubMed, the Cochrane
library, and Embase were searched on two occasions by
the authors and a medical librarian (CL) with a combina-
tion of keywords and MeSH terms for ‘SDR’, ‘CP’, “fol-
low-up’, and ‘long-term’ to identify articles published from
inception to Ist June 2018 (Table SI and Fig. S1, online
supporting information). After removing duplicates and
reviewing titles and abstracts, all three authors read the
remaining full-length articles and agreed on those to be
included in the review. Studies that did not assess individu-
als with CP and where not all individuals had a minimum
of 10 years’ follow-up were excluded, as were studies not
evaluating any aspect of function, pain, fatigue, nor spastic-
ity. Only original, full-length articles in English were
included. Additional articles of interest were identified
manually. The authors assigned a level of evidence to 16
articles fulfilling these inclusion criteria®?!' based on the
guidelines of the Oxford Centre for Evidence-Based

What this paper adds

® Ten years after selective dorsal rhizotomy, available studies supply inconclu-
sive evidence on functional outcomes.

* The long-term effect on spasticity is uncertain, studies reported a substan-
tial need for add-on treatment.

e Short- and long-term complications seem frequent but are not reported in a
consistent manner.

Medicine.”” Risk of bias was assessed at the study level
using a modified version of the Quality in Prognosis Stud-
ies tool (Table SII, online supporting information).”> Data
were extracted independently and synthesized by all the
authors.

The second search designed to obtain complementary
reports of overall complications included a combination of
keywords and MeSH for SDR and complications (Table SI
and Fig. S2, online supporting information).

Finally, a specific search including (‘selective dorsal rhi-
zotomy’ OR ‘SDR’) AND (‘scoliosis’ OR ‘spinal’ OR
‘bladder dysfunction’ OR ‘sensory change’s OR ‘dystonia’
OR ‘balance’) was performed. Only original publications in
English and involving 10 or more participants were
included (Fig. S2). The procedure for reviewing the 24
included reports”!*?*2** was similar to that described
above, except that in these cases, neither risk of bias nor
level of evidence was assessed (Table I).

RESULTS

Included studies for outcome of SDR at 10 years or more
After removing duplicates, 199 articles were screened and
16 included®?' (Table II and Fig. S1); none involved a
randomized control trial nor prospective evaluation of a
control group. Fourteen were case series and two involved

Table I: Selective dorsal rhizotomy (SDR): reported complications

Incidence,

Type of complication % Reporting study

Short term (<1y after SDR)
Pulmonary ~9

Abbott;?* Steinbok and Schrag;*® Nordmark et al.*’

Abbott;** Steinbok and Schrag;® Peter and Arens;** Tedroff et al.?°

Golan et al.;?® Crawford et al.;?® Bolster et al.;® Johnson et al.;*® Grunt et al.;*® Spiegel et al.;*?
Spiegel et al.;*? Steinbok et al.;** Grunt et al.;*® Bolster et al.;° Nordmark et al.;*” Ravindra et al.;*°

Grunt et al.;*® Johnson et al.;?® Li et al.;®! Peter and Arens;** Peter et al.;*® Spiegel et al.;*2
Nordmark et al.;*” Bolster et al.;® Peter et al.;*® Langerak et al.*’

Montgomery;*? Steinbok and Schrag;®® Abbott;?* Langerak et al.;'* Park et al.*®

Montgomery;*? Nordmark et al.;*’ Park et al.;** Peter and Arens;** Grootveld et al.?®

Gastrointestinal 20-80 Steinbok and Schrag;*® Abbott?*
Urinary tract 7-12 Steinbok and Schrag;*® Abbott;>* Nordmark et al.*”
Problems with the 1 Abbott;** Peter and Arens;** Steinbok and Schrag®®

surgical wound
Sensory alterations ~50
Leakage of 1 Nordmark et al.”

cerebrospinal fluid

Late (>1y after SDR)
Hyperlordosis 16-40
Steinbok et al.;*® Langerak et al.;*° Turi and Kalen®®
Scoliosis 11-57
Turi and Kalen®®

Spondylolisthesis, 1-20

Spondylolysis
Spinal stenosis 27 Gooch and Walker?’
Impaired bladder 1-29

control
Increased dystonia 20-60 van de Pol et al.%®
Muscle spasms 14-57 Montgomery;*? Nordmark et al.’
Leg and back pain 29-71 Park et al.;*® Peter and Arens;** Langerak et al.°
Sensory changes — 4-86

paresthesia
Obesity 15 Westbom et al.5®
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comparison to a group with CP assigned retrospec-
tively.>!” One study had controls of comparable age, but
the SDR and comparison group were significantly different
with respect to Gross Motor Function Classification Sys-
tem (GMFCS) level. Moreover, the comparison group
included individuals with all subtypes of CP, even subtypes
purposely excluded from SDR intervention, such as dyski-
netic and unilateral CP.® In the other investigation with a
control group, Munger et al. made retrospective compar-
isons (indicated by a propensity model to be highly accu-
rate) to individuals whose clinical presentation was
appropriate for SDR, but who, for a variety of reasons, did
not undergo surgery.” In one study, the use of validated
motor development charts for long-term assessment of
gross motor function after SDR allowed comparison with
the manner in which a child with CP is expected to
develop.” Two studies involved surveying patients: in
one case online® and in the other predominantly by tele-
phone.”

As assessed according to the Oxford Centre for Evi-
dence-Based Medicine, the level of evidence for the studies
included was low, with two at level 3 and 14 at level 4
(Table SIII, online supporting information).

The overall risk of bias was medium to high in all cases
(Table SIII). All sample sizes were small (z=11-95), being
less than 50 in 13 of the 16 studies. All were conducted in
clinical settings. Loss during follow-up, in part due to ret-
rospective study designs and retrospective data, resulted in
attrition bias in a vast majority of the reports: only four
studies followed-up more than 80% of the original
cohort' #2921 and four lost more than 50% of the initial
participants (Table II). Several of the instruments
employed were valid and reliable, but none of the investi-
gations was conducted with randomization or blinding.
Different approaches to assessment resulted in heteroge-
neous data.

The outcomes assessed

Because of the heterogeneous nature of the outcomes, a
descriptive analysis was performed. The outcomes most
relevant and most frequently reported are listed below.

Spasticity

Seven out of the 16 studies evaluated the effect on spastic-
ity specifically, and all reported sustained long-term reduc-
: 8,10,11,14,17,20,21

tion or even normal muscle tone.

Additional antispasticity treatment

Five articles,””'*!"!® including two of those that docu-
mented long-term reduction in spasticity,'"®!” noted a need
for additional treatment such as botulinum neurotoxin A
(BoNT-A) injections. Bolster et al. reported that 45% of
the children had received BoNT-A treatment, mostly in
the gastrocnemius muscle,” while Dudley et al. reported
12.5%."° Hurvitz et al. reported that 53% had BoNT-A
treatment: 38% were on oral treatment and 15% had an
intrathecal baclofen pump placed after SDR.” Munger
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et al. documented an average of 7.5 and 19 BoNT-A injec-
tions in the SDR and comparison groups respectively.'’
Finally, Park et al. reported that 22% of their participants
still required oral antispasticity medication and 3% were
treated with intrathecal baclofen at long-term follow-up.'®

Gross Motor Function Measure assessments

Six studies used the Gross Motor Function Measure
(GMFM), all of which showed an early improvement in
GMFM score.* 2?1 However, only two”'' compared
this improvement to the gain anticipated as a result of the
natural development of the child.***¢

In one investigation originally involving 29 children with
CP, among the 20 assessed 10 years after SDR, six had
improved scores based on their GMFM motor curve (cen-
tile ranking), with those classified in GMFCS levels I to
I (n=6) having developed largely as expected and those
(5/14) in GMFCS level III improving more than expected.”
A 10-year follow-up of 29 children in southern Sweden
concluded that ‘the mean maximum development of
GMFM-66 in children undergoing SDR seems to be better
than, or at least as good as, the one found in the motor
curves’.!!

One stratification of 44 patients on the basis of their
GMFCS level® concluded that the function of those in
GMEFCS levels II and III improved initially and later
declined somewhat; while the gross motor function of
those in GMFCS levels IV and V had declined to less than
the baseline value at the 10-year follow-up.® Of the 102
patients initially included by Dudley et al., 57 were still
being followed up 10 years postoperatively and 50 of these
had GMFM scores. GMFCS levels I to III were associated
with significant improvement at the 10-year follow-up in
comparison to the corresponding preoperative scores,
whereas GMFCS level IV was not associated with any
change at all.’ Finally, two assessments of the same cohort
found that GMFM scores were significantly lower 10 and
17 years after SDR than the peak value at the 3-year
follow-up.?%?!

Gait analysis

A broad range of gait data were reported in four studies,
with wide variation in the specific measures of outcome
and their presentation. Walking speed improved in one
case,” while another article described improved step-
length and velocity at the 3-year follow-up, with a subse-
quent decline to baseline after 10 years.'"” One description
of gait lacked any comparison to baseline.'® Munger et al.
found that the Gait Deviation Index for both the SDR
group and those who were not operated on improved,
more so in the latter case.'’

Gait or ambulatory ability

Park et al. reported improved ambulation in 42% of par-
ticipants’ gait, similar to the preoperative situation in
42%, and worsened ambulation in 14%.'® Tedroff et al.
reported improvement in short-term ambulatory status,



*a41| 40 AMjenb ‘70D ‘xapu| uoneirsq Hen ‘gD ‘e|eas AM|IGOIA |euonound ‘SIAI4 ‘yleaH pue Aljigesiqg ‘Buiuonound Jo UOIIeOISSE|D) |BUOIIRUIBIU| ‘4])| ‘B|edS Buney

uled oUaWNN ‘SYJN ‘0[e9S 8417 YHAA UO1OeSIIeS ‘STAAS ‘UONBIASD piepuels ‘gS ‘AlojuaAul Alljigesiq JO uollen|eAad oulelpad ‘|d3d ‘Bulall Ajiep Jo saniAioe Qv ‘0]eas Alieneg anbiieq ‘G4
‘Wa)SAG UOIIBWIONU| JUBWSINSEA|A dWOdINQ parodal-juaiied ‘SINOHd ‘Asjed |eigaiad ‘4D ‘einseajp uoidung 1010 SSOID) ‘INHIND ‘21893 YHOMYSY PaljIPOIAl ‘SYIA ‘uonow jo abuel ‘ANOY
‘uo13oUN4 J0JO\ SSOJID ‘HIND {(LLOZ SUIDIPBIAl PESE]-90UBPIAT 10} 18JU8) PJOJX(O O} BuIpi0dde) 9OUBPIAT JO [9A8T ‘JOT "dN-MO||0} 1B S|9A3| (SDHIND) WSISAG UOIIBDI4ISSE|) UOIIOUNS JOIO
§S0ID ale umoys eled, ‘palesedss jou |e1o} ‘dnolb |013u09 | /g ‘dnoib ¥AS vz/cL ‘A0L 1e sisAjeue 3eb yim dn-mojjo4 "PalAUL 96 JO INO ‘S|0JIU0D || ‘(HAS) AW010ZIyJ [BSIOP BAIIOBSS YT,

uled Ll
Alojuanul uled jaug ‘9e-4S ‘INOY 100 ‘INOY ‘Meb  ueipaw (81 qlL) A '(9) 1z e
‘SYIN ‘a]eds 11eb uos|ip ‘88-ININD ‘Anonseds ‘JIND ‘6L-GL as) Ly uesiy ON AL(€) 111°(8) 11 (€)1 6L/8L I\ Hoipal
INOHY INOY ‘veb (8:1 qloL) oz 181
‘SYIN ‘a1eds 1eb uos|ipn ‘88-ININD ‘Anonseds ‘JIND oL as) Ly uesiy ON AL'@) 10(p) (e 6L/61 Al Hoipal
s|oJ43u09 Buidojanap
(z:€L Aljeo1dAy payolew s 1819
sisAjeue yeb qg 1eon oL —9:Z) OL:L uea|y -abe z| ‘dD ylm auoN SIENTETVY vL/LL Al uelueweiqnsg
a4 q(%8S)
YHm uonoeysiies (LL:LL A (%¥L) Al (%LE)
SHdN ‘SO4IND ‘STMS  ‘uled ‘uone|nquiy 82-0¢ —0:2) 0°'9 ues|\ ON 11 (%82) 11 (%L2) | LEY/G6 Al g 18 1@ Xled
uonedioiped
‘uted ‘70D (LL:e Hds 404 eua1lo Buljjiyny e
SVYIN ‘10D ‘sisAjeue 1eb ge ‘Auonseds ‘llen L1—0L as) 6:7 ueipa|y $|0J1U0d paydlew || S19)[eM 296/LL+¥T I} Jabuny
s|o43u09 Buidojanap
(0:L2 Ajjea1dAy payolew PR
13D ‘sisAjeue 1eb qg leo 9¢-LL  —0:T) T:G uelps\ -abe gy ‘4D yum auoN 1) Jue|nquie ||y LY/LE Al yesabue]
uonedoed (0:L2 g lew
1geH 8417 ‘SN :MaiAlalU| pue Auanoy 9¢-LL  —0:T) T:G uelps\ ON 1) Jue|nquie ||y LY/LE Al esabue
(0L (L) y €3
401 'SO4IND 401 'AND 0c -0:¢) ¥:L uesy ON ALYE) 1) 11 (L) ] 14%4" Al yetsabuen
s|o41u09 Buidojanep
(0:7L AjjeaidAy payolew e le 18
INOHY ‘sisAjeue 1eb qg INOY ‘1en 0c -0:2) ¥:L ues|y -abe gL ‘dD) yum suoN S133|eM umouyun/gl Al yesabuer]
(v:9 (L) A(LL) z1 1€ 19
1d3d aav 0L —G:Z) Ly uelipsy ON AL“() (L) (L) Se/ve Al Aquasor
dAD (L9 (L) A '(2L) e
99-N4IND ‘INOY ‘SYIN ‘INOY ‘“Anonseds 0L —9:2) ¥:v uelpsiy ON ALCL) I8 1H(L) 1 §e/6C Al Aquasor
(%91)
SHdN (LL:g A “(%9€) Al “(%€T)
‘STMS ‘MalAIL1Ul D1Ul|D J0 duoydaja ] uled ‘uonouny €6l as) 0:9 uesy ON I “(%8L) 11 (%L) | L12/88 Al 1B 18 ZUAInH
nav (9:0L paljisse|d o183
1d3d ‘88-IN4IND ‘SYIN ‘4ND ‘Anonseds oL —0:€) 0:G Ues\ ON G0l Jo zg Ajuo soL/Ls AN Asipng
Auljige Bupjjem
pue uonouny ul 8bueyd payodal uonouny AoL> sadAigns 4J |18 yum () A ‘(7L) Jle 19
-}19s ‘SS4 'SINOYd A8Ains 1auialu] ‘anBiiey ‘uled 144 Ile ‘GG uea\ swuaned payojew abe oG Al “(LL) I (L) 11 “(2) | umouun/ge Al Jejuneq
(L:gL— saAINd Juawdo|anap
$9|13UdJ - 99-IN4IND dND 0L 0L:Z) ¥:9 uelps|y lojow 03 uosuedwo) (TL) 1) 1l 9¢g/0C I g'le 38 J9isjog
INAND 9L
‘yibuauys sdaoupenb ‘uononpqge yibuanis ‘AOY ueaw (8:L (€) A\
diy INOY ‘s1010nppe diy ul SYIN 4IND ‘Auonseds ‘0L<  —LLig) 9% uesay ON  “(LL) AL'(QL) 11 “(8) 1l tadYaaz Al g8 18 uojly
sainsea|\ 1saJ91ul (A) dn ow:A dnoub |osuo)n 19A8] SO4IND palenjeas 307 Apnis
JO 8WO2INQ  -MO||04 ‘(eBued) yas Jo Aq uone|ndoyg uoinlendod

awl} ay} je aby

Apnis jo uonoelq

MB8IA3J D1RWA)SAS Ul papn|aul salpms :|| ajqel

557



followed by a decline to baseline levels at 10 and 17

years’ follow-up.”**!

Self-care and mobility

The two evaluations of self-care using the Pediatric Evalu-
ation of Disability Inventory, an instrument for which nor-
mative scores are available for children aged up to 7 years
6 months, both revealed increased scores throughout the
period of follow-up.'%!?

Fatigue

The level of fatigue reported by patients who had under-
gone SDR was similar to that of a comparison group in
one investigation.®

Pain

Although pain was not consistently evaluated or reported,
two articles stated that the SDR group reported pain similar
to the comparison groups.®'” Pain comparable to norm val-
ues, as assessed by SF 36v2 (Short Form Health Survey 36
version 2), were reported in one study’! and pain ‘last week’
was reported by 44% of the participants in another study.’

Range of joint motion

Five studies reported on range of motion, four of which
observed early improvement followed by later reduc-
tion.*!*?%?! Tn one case, the range of motion at the 10-

year follow-up was similar to the preoperative values."'

Orthopaedic surgery after SDR

Although taken into consideration in most of the studies,
this was not reported in a consistent manner,’~!131%16-21
Altogether, 28% to 94% of the patients underwent ortho-
paedic surgery subsequent to SDR, often soft tissue sur-
gery to correct contractures. There was no report of the
potential presence of residual musculoskeletal deformities,
that were present at long-term follow-up.

Complications or adverse events

Long-term complications not related to loss of function
were addressed in three of the studies addressing functional
outcome.””'* The second search retrieved supplementary
reports (Table I and Fig. S2). Only short-term and/or
specific complications were described in some of the
reports, making determination of the incidence difficult.
The complications described in a total of 24 articles are
summarized below.

Perioperative pulmonary complications
Judging from three comprehensive studies, the risk of
acute pulmonary complications, such as bronchospasm and

pneumonia, is approximately 9%.%*3%:37

Postoperative spinal complications
In four case series involving 553 patients, one deep wound

infection, six dural leaks, and two wound hematoma were
observed, 24353744
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Bladder dysfunction

Acute neurogenic bladder dysfunction was reported in 7%
to 12% of participants”****” and permanent bladder dys-
function in 29% of children with CP who underwent
SDR.!'*##%33:%2 The longest follow-up available, a question-
naire administered 24 years after rhizotomy, documents an
11% incidence of urinary incontinence.*

Gastrointestinal dysfunction
Constipation, the most common gastrointestinal problem
reported, occurred in approximately 26% of patients.”**

Sensory changes

Acute postoperative sensory changes, such as hypersensitiv-
ity, numbness, and paresthesia, were reported in approxi-
mately 50% of the patients, with most of these resolving
within 1 to 2 years after SDR.2%*®%* However, some of
these changes were permanent.”®?7#~#

Spinal deformity
Spinal deformity is the most commonly reported long-term

complication, with increased risks of Iumbar lordo-
sis, #25:26:293032333848 g li0gis 93233373948 oinal sreno-

- 27,30 9,29,31,32,37,40,41,44,48,49
sis,

and spondylolisthesis.
Loss of motor function

The main complication related to gross motor function is
unmasking of weakness.’***%°

Unmasking of dystonia

A recent study in the Netherlands found that despite care-
ful selection, nine of 24 non-walking patients exhibited
some signs of dystonia after SDR. Not surprisingly, when
dystonia was present, the caregivers tended to be less satis-
fied with the procedure.’®

Pain
Long-term back and leg pain have been reported, occa-
sionally caused by recurrent muscle spasms after

SDR.”7* However, it is often unclear whether such pain
is related directly to the operation itself.” %%

DISCUSSION

The current review of available literature on the long-term
effects of SDR on children with CP includes 16 studies
with a low level of evidence and a moderate-to-high risk of
bias. Their study designs and heterogenic assessment tools
limit the possibility of analysing data and, consequently, a
descriptive and narrative analysis and discussion are pre-
sented here.

Impaired motor control, muscle weakness, cocontraction,
dystonia, spasticity, and abnormal posture are all motor
features that coexist in CP. In the decision to perform
SDR, spasticity and strength are considered to be the most
important of these. Indeed, spasticity is regarded as the
major indication for SDR in at least 94% of relevant publi-
cations.’!



In children, body weight and muscle strength typically
increase with age. In CP, weakness is pervasive’® and the
increase in muscle strength may not keep pace with weight
gain. This has been demonstrated in children with CP as a
reduced strength normalized to weight ratio,”> and is
believed to be one explanation for diminishing ambulatory
ability with age.’* The weakness associated with CP is
sometimes clinically hypothesized to be compensated for,
to a certain extent, by the hypertonicity of spasticity." For
instance, children with spastic CP may use the spasticity in
their legs to transfer themselves from a wheelchair to a bed
or chair.

Infants with prenatal or perinatal CP do not have spas-
ticity at birth; however, spasticity first appears towards the
end of the child’s first year. A cross-sectional and longitu-
dinal investigation on all children in Sweden with CP (cov-
ering 57 953 measurements on 4162 individuals), using the
Modified Ashworth Scale, found that the level of spasticity
in the calf of most of these children increased until they
reached 5 years of age.” Thereafter, the spasticity declined
and at 15 years of age only 22% recorded Ashworth scores
of 2 or more, in contrast to 38% at 5 years. Similarly,
another population-based Swedish study (#=3028), found
that BONT-A treatment was most frequent among 4- to 6-
year-old children, with such treatment becoming less com-
mon with increasing age.’’

Such findings have several implications with respect to
SDR. Evaluation for and performance of this operation
often occur at the age when spasticity, the most consistent
indicator for SDR, is most pronounced.””’® Thus, the
reported short-term improvements after SDR correspond
temporally both to a period of anticipated natural develop-
ment of motor skills, as well as an expected reduction in
spasticity. The impaired gross motor function reported in
connection with follow-ups for 10 years or more®'®2! can
be explained, at least in part, by less strength relative to
body weight. For example, Park et al. found that 30% of
the almost 300 individuals they followed for 2 to 28 years
after SDR reported weakening of their muscles as they
matured into adulthood. As adults, their spasticity may
help compensate for this weakness.*’

Another difficulty is the frequent presence of both spas-
ticity and dystonia in CP."*%*” Dystonia often develops at
a later age than spasticity and its severity is related inversely
to function.'”” As described above, spasticity is believed to
be caused by a reduction in spinal inhibiton by altered
descending tracts and can thus be treated by altering spinal
activation with SDR. However, in contrast, although the
exact pathophysiology of dyskinesia or dystonia is
unknown, current hypotheses involve altered activity of
basal ganglia circuits, which as an effect, erroneously modu-
late the higher level of cortical activity.! Consequently,
operating at the spinal level with SDR does not alleviate
dystonia and, indeed, the unmasking of dystonia as the
result of such an operation can be a serious problem.*®

A systematic review has shown that the interventions
that reduce spasticity most effectively are not those that

give the greatest improvement in activities or gross motor
function.”® Moreover, as observed in children with CP
who ambulate with or without an assistive device, strength
is closely related to function and explains considerably
more of the variance in performance than does spasticity.’”
Accordingly, motivating reduction of spasticity in terms of
an anticipated improvement in function can be questioned.

It is often suggested that reduction of spasticity with
SDR lowers the need for future orthopaedic surgery and
prevents contractures. To some extent Munger et al. sup-
port this finding by showing that the 24 participants who
had SDR underwent 10.8 orthopaedic surgeries on average
during the follow-up compared to 13.5 orthopaedic surg-
eries in the 11 retrospectively assigned control partici-
pants." However, in most of the articles analysed here, the
need for orthopaedic surgery and contracture release after
SDR remained high. Overall, the findings presently avail-
able do not indicate either an increase or decrease in the
need for further orthopaedic surgery.’~'131%16:19-21

With respect to the duration of the reduction in spastic-
ity after SDR, only seven of the 16 studies analysed took a
long-term perspective.®!*1 114172021 A systained reduction
of spasticity in most of the muscles evaluated was most
often reported. Interesting, however, was the somewhat
contradictory finding in five of the articles that 22% to
59% of patients required additional treatment with
oral medication, BoNT-A, or intrathecal baclofen
pumps.” 11718 A possibility is that either their spasticity
had returned or had not been fully resolved by the SDR.
Supporting this is one paper stating that BoNT-A treat-
ment were ‘mostly gastrocnemius’ and another describing
the use of intrathecal baclofen pumps.”’ However, from
available data in the remaining three papers, it is not possi-
ble to establish if muscles treated were innervated by root-
lets not sectioned during the SDR, such as muscles in the
upper extremity. It is also possible that some individuals
might have been treated for dystonia.*®

As indicated, the advantages and disadvantages of spastic-
ity and the need to alleviate spasticity may vary with age.'
Consequently, it appears advisable to reduce spasticity, when
necessary, employing reversible treatment options, the nat-
ure and degree of which can be adjusted as the child grows.

Assessment of the outcome of SDR by comparison with
an appropriate control group is particularly important
when the patients are children, whose functional motor
skills improve as they age. Charts depicting the motor
development anticipated in children with CP at different
GMFCS levels have been constructed.*® For example, chil-
dren in GMFCS level II improve an average of 25.1 points
on the GMFM-66 scale between the ages of 2 and 12
years.** However, the difficulties in creating and following-
up an appropriate control group for 10 years or more are
immense and, thus, the vast majority of studies that do so
are case series. Only two of the studies included had a
somewhat higher level of evidence when evaluating the
long-term effects of SDR on gross motor function and in
neither case was this effect clearly beneficial.”'” One study
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concluded that the results obtained indicate that different
methods of treatment provided similar outcomes into early
adulthood.’

Clinicians and researchers who are responsible for the
care of children with CP have developed a wide variety of
tools for assessment and classification of both severity and
function. However, in the 1980s and early 1990s, when the
use of SDR became more widespread, most of the instru-
ments used today, including the GMFCS, the Manual Abil-
ity Classification System, the Functional Mobility Scale, and
even the GMFM were not yet available nor commonly uti-
lized. For instance, the GMFCS was first described in 1997,
while the GMFM was published in 1989.%:6

In addition, in earlier times medical records were often
somewhat unspecific and/or subjective, including vague
descriptions (such as ‘moderately affected’ or ‘severe type’)
of function and severity,™* precluding retrospective assign-
ment of GMFCS levels. Nevertheless, many of the relevant
studies published to date have assigned baseline GMFCS
levels retrospectively when evaluating the outcome of SDR
performed in the early 1980s and throughout the
19905.6:8:10:121416:18 Gych an approach can introduce a
substantial risk of detection bias, especially when changes
in GMFCS level are used as a measure of outcome.

In a commendable attempt to overcome this problem,
one of the 16 articles described a machine learning algo-
rithm based on the Gillette Functional Assessment Ques-
tionnaire and gait data collected in connection with a
medical visit."” The GMFCS levels arrived at by this algo-
rithm agreed in 80% of the cases with those assigned by
trained clinicians. These authors concluded that, ‘of those
study participants who had both baseline and follow-up
GMEFCS values, five out of nine improved their GMFCS
level and one out of nine worsened, while all of those
without SDR remained at their baseline GMFCS level’."”

One aspect of SDR is the potential negative impact of
irreversibly cutting afferent fibres on future development.
Sensory input is generally considered to be essential for
refining and consolidating neuronal connections during
development of the nervous system,’' with sensory feed-
back contributing to the strength and timing of muscle
activity.? Selective presynaptic control of the Ia afferents
has been proposed to contribute to the acquisition of new
visual and motor skills and alterations in interneurons
between sensory afferents and motor efferent neurons play
a central role in modulating reflexes during motor learn-
ing.”’ Accordingly, SDR may influence motor learning
negatively, contributing to a lack of long-term improve-
ment in gross motor function or mobility.

Another aspect of the cutting of sensory afferents is the
‘tremendous variation’ and very poor reproducibility of the
responses obtained when stimulating one and the same
rootlet in preparation for SDR reported by several investi-
gators.”* % One study reported that in only 16% of the
patients did the relevant rootlets display pathological reflex
responses and, as a result, when performing the SDR, 84%
of the children underwent a non-selective procedure.’” At
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the I-year follow-up these children displayed outcomes
similar to those who had undergone more selective sur-
gery, raising concerns over the ‘selectivity’ of this approach
and questioning the belief that selective rhizotomy is more
beneficial than the random procedure.®’

Although complications and adverse events secondary to
SDR occur, the prevalence of acute complications has not
always been reported. In this review, only a minor portion
of the 16 long-term studies reported on complications and
side effects. When a search was conducted aiming to iden-
tify these issues several identified papers specifically
focused on complications not always addressing the base-
line situation. Additionally, some of the reported complica-
tions, such as constipation, are frequently encountered in
all children while, for example, spondylolisthesis or
spondylolysis are rare. This can, as an effect, over- or
underestimate the true rate of complications.

The major late complication observed in this review,
reported in 11% to 57% of all individuals, is spinal defor-
mity, although most of the case series involved X-ray
follow-up at a time-point clearly before skeletal matu-
rity. 29 727:29733.38.39.38.39 The highest risk of skeletal defor-
mity occurs during adolescent growth. Therefore, any
reports of a risk of developing deformity should include a
radiological evaluation at skeletal maturity. Presently, such
information is not available.

The overall risk for complications is higher in children
with more neurological involvement, which may contribute
to the focus on performing SDR in children who demon-
strate better gross motor and function-
ing 92433353648

SDRs are costly for families, insurance companies, and
the healthcare system and, furthermore, this procedure
involves a major investment of time by both the child and
his or her parents. Moreover, lifelong strength training
after the procedure is often recommended for maintenance
of motor function.

cognitive

CONCLUSION

In summary, although the evidence available is limited by
clinical variability and heterogeneity across trials, this
review demonstrates that conclusive data on the long-term
effects of SDR performed on children with CP are still
lacking. Low-quality evidence suggests that the long-term
effect on spasticity remains uncertain, with many investiga-
tors reporting a considerable need for subsequent addi-
tional treatment of spasticity. The possibility that SDR
reduces or eliminates contractures and/or orthopaedic sur-
gery is challenged by the large number of such patients
who later develop contractures that require surgical treat-
ment. The currently available studies involving follow-up
for 10 years or more do not indicate that the improvement
in function obtained is any better than with routine ther-
apy and orthopaedic management. Further prospective,
long-term evaluation based on global registries of children
with CP who have received SDR, or other treatment, is
highly recommended.
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Editor's Choice

Thousands of individuals have undergone selective dorsal rhizotomy (SDR) in the last 30 years to reduce their spasticity. My Editor’s Choice
for the May 2020 issue is this systematic review of long-term outcomes of the procedure in cerebral palsy. The authors suggest that the effec-
tiveness of SDR has not been assessed soundly, including in the long term,' and they conclude to uncertainty of its effects. The review of
published studies is generating discussion from a number of perspectives represented in this issue, including neuroscience,” clinical

experience,” and lived experience.”
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