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AIM Selectivedorsal rhizobmy (SDR) is a surgical treatment for spasticity in children with
cerebral palsy (CPJBtudies suggest long-lasting effects of SDR on spasticity;tknng-

effects onsymptoms and function are not clear. This study tested whether adu@# wit
(average 2¢ afterSDR) report less pain, fatigue, and functional dedlvaaa

retrospectively assessedn-surgicalcomparison group.

METHODThis was a caseontrol study. Eightyight adults with CP (ean age 270mg
SDR=38; nonsurgical fomparison]=50) recrwed from a tertiary care center and the
community,completed a battery of sedfported outcome measures. Regression models were
used to test whether SDR status predicted pain, fatigue, functional change, and hours of
assistance (controlling for Gross Motor Function Classification System level).

RESULTS SDR status did not significantly predict pain interferefps®.965), pain
intensity(p=0.512), or fatiguep=0.404). SDR related to lower decline in gross motor
functioning.=0.010) and approximately 6 fewer hoofslaily assistancthanfor those in

the comparisengroup£0.001).

INTERPRETATION Adults with CP who had SDR in childhood reported less gross motor
decline and fewedaily assistance neetf'annon-surgically treated peers, suggesting the
functional impact of SDR persists long after surgery.
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What this paper adds
e After rhizotomy, adults repodecreased otor declineand need for carepntrolling for

Gross Motor Function Classification System (GMFCS) level.
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e They also reported higher function.
e Theyhave similar prevalence of pain and fatigug@asrs.
e Pain and fatiguare prevalenin both groups, emphasizinige need to address other

causes of these complaimtsaddition tospasticity

[Main text]
Cerebral palsyCP) remains common in theSA, affectingas many a$8.1 in every 000
children and more children wittP are surviving to adulthootf As childrenwith CP grow
older, familiessmay choose frora variety of options formanagingspasticity and other
symptomsithat' conibute to functioml impairment. Of these options, selective dorsal
rhizotomy (SDR)is among the most invasive. This neurosurgical mhoee which isoften
performed in the first decade of lif@yvolves selective severingf lumbosacralsensory
rootlets usingelectromyography guidancewith the goal of decreasing spasticity and
improving metor, function. Aftethe procedure, the children participate in a rigorous program
of physical_and occupational therapgsting severalmonths, although protocols for
postoperativesrehabilitation vary between institutions. They may undergo ftrehenents
such as oralemedications, injected botulinureurdoxin and phenol injections, and
orthopedic.surgery Despite the variety of treatment options available to people with CP,
functional deelines with aging, particularly in gross motor function and gaive been
observed " as early as adolescence or early adultfo@drrently, therearestill limited data
examininggdongierm outcomes of SDR, especially as these children reach adilthoo

Previous prospective studies in a single, small sample of people who have undergone
SDR have demonstrated reductions in spasticity, pain inteasitlypain interference thate
maintained.even years after SBR Although previous studies have demivated shortand
longterm_benefits of SDR in terms of reduced spasticity, prospective studiesliffaved
over thebénefit-in functional outcomé&*? Furthermore, other than one study of 18 people
that showed that SDR was relatedrédatively low pain and pain interferen¢®we lack
understanding“of how SD&feds symptom experienass individuals ageThis is important
given thatssymptoms such as pain and fatigue are highly prevakliswith CP and have
a detrimental effect on qualibf life and functional ability*>*°

To address these limitations in our understanding of how SDR relates pbogysn
and function in adulthoodn thiscase-control studywe compard adults with CP who either

did or did not undergo SDR as chigthin terms & selfreportedpain (intensity and location
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of pain) pain interference, fatigue severity, goerceptions othange with aging in motor
functionandrequireddaily assistancé/Ne hypothesized that pain intensity, pain interference,
prevalence of back arldwer extremity painand fatigue severity would be lower in the SDR
group thanthe camparison (norsurgical) groupowing to reduced spasticityimproved
biomechanies;y~anddecreased energy expenditure with motor activities. Further, w
hypothesized thatl3R might delay gross motor declirtbroughlasting effects on spasticity
and thus "contractures and other associated complicatemsexpected that those who
underwents SDReompared withthose who did not would require less daily assistance as a
result of letter,gross motor functioningVe included a selfeport functional measure to
allow comparison of current functioand assistance needsthin Gross Motor Function
Classification/System3MFCS categories.

METHOD

Participant r ecruitment

In this case-cortrol study, we recruited adults witbP who had and had not undergd®dBR

in childhood.Selection for the surgery was not included in the study activities; participants
were assigned.to each groomp the basis afetrospectiveself-report of their rhizotom status.
Local institutional review board approval was obtaibedoreinitiation of study activities.
Participantswere asked to complete an online gelborted survey battery and received
US$15.00for participation.A convenience sample wascruited from a tertiary care center
(University, of Michigan Hospital and Health Systems) and from the generahgoity
between January 2014 and May 2015. Recruitment methods inglodtd mail lettersvith

the surveyweb address, fae®-face contact in an adulCP clinic, an institutional research
recruitment_websiteand coordinatiorwith outside organizations such as United Cerebral
Palsy Informed consent was receivéitfoughthe initial survey access scredtarticipants
were allowed.to'complete the survatheir own pacen alocation of their choosinglhose
who wished“totparticipate during their clinic visit were provided withApple iPad and a
private location‘to use while completing the surwéglunteers were eligible to participate if
they had.as@ignosisof CP, were between 1&8nd 35years old,and hadsufficient English
fluency and“cegnitive ability to responddependentlyto survey questionfAppendix S1,
online supporting information)/olunteers were ineligible if they underwent SDR at age 10
yearsor older or had any history of other spinal cord surgery. Only those vB8idBevas
performed before age 1Were includedto avoid confounding effects of age at time of

surgery since older age at SDR has been linked to worse functional outédmes.
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Study procedures

Participantswvere asked to formulate their own response to each question, and were allowed
to missany guestion that they did not understand or feel comfortable answeairigipants

could we" a"physical aide or another person to delach response if needed, as we
anticipated that many of the potenfarticipantsvould have physical baers to completing

the surveyParticipants were not asked to repweed for physical assistance with completing

the surveys

Study measures

The survey included demographic information amdormation about motor function,
communication abilitiesmedical treatmenténcluding whethemparticipantshadever had a
baclofen pump; tendon lengthening surgery, or hip surgdifg) satisfaction, health
perception, and seleportedinputs ofbody mass indexXselreportedweight and height).
Demographic information includeskex living situation, educatiai level and employment
or school enrellment statuSurrentmobility was assessed using the seffort version of the
GMFCS*® which assigns a level ranging fromtd V, from higher to lower independent
mobility. It has been shown to bevalid selfreportmeasureof mobility. Currentfine motor
functioning was' assesseming theManual Ability Classifcation System(MACS)" and
current “communication ability was assessedlsing the Communication Function
Classification System (CFCS) Similar to the GMFCS, both measurassigna levelon a
ordinal scale of I td&/, ranging from better to worse functioning.

Pain aitcomes weremeasurd using thePatient Reported Outcome Measurement
Information SystemRROMIS Pain Intensity- Shot Form 3a and Pain InterfereneeShort
Form 8a**.PROMIS measures have previously not been widely use@HRrresearch;
howeverthese measures are widely accessible and address a multitude of relevant participant
reported outcomed.he PROMIS Pain Intensity Short Form asked respondents to rate their
worst and average pain in the previcssvendays as well as current pain. Items were rated
on a 1to 5.kikert scale and responses were summed for a possible total scdeldf, 3vith
higher scoresiindicating higher pain intensitihe PROMIS Pain InterfereneeShort Form
asked respondents to rdtew much pain interfered with daily activities, housework, chores,
participation in and enjoyment of social activities, enjoyment of life, recreation, and family
life. ltems were rated on at@5 Likert scale and responses were summed for a possible total

score of8 to 40, with higher scores indicating higher pamerference Pain location was
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identified by multiplechoice options indicating various body areas: head, neck/upper back,
lower back, upper extremities, lower extremities, chest/abdoReticipantsnvere asked to

select all of the areas where they typically experienced pain. Fatigue was assessed using the
Fatigue Severity Scale (FSS). The FSS has been used in many different pati&itgnspu
includingradults'wittCP,** and has been shown to be internally consistent, tejiabnsitive,

and valid ift multiple patient populatioffs.

Perceived change in functional status was assessed in a method similar to that of
Opheim etyaf. Participantsvere asked to gradmththeir overall motor function and walking
ability (if applicable) as havingmproved stayed the same, or worsemneith time. For those
who noted worseninghey were asked to estimate when they began to notice that change in
5year intefvalsThe SelfReported Functional Measure (SREfMvasused as a secondary
outmmes measure. The SRFM contails questions about activities of daily living, for
which the participant is asked to rate the amount of assistance they requtgpomescale,
ranging from'‘no extra time or help’ to ‘total help or neveo’'dPossible sores for this
measure ranged from 1852. Additionally, the SRFM includes an item to report the number
of hours of.assistance {P4; paid or unpaid) that they receive each daljhough this
measure was developed for useasearch int@pinal cord injury, it contains questioalout
functional activities also relevant to people WiiR.

Data analysis

Data anlysis was performed using SPS8rsion22 (IBM SPSS Statistics, IBM Inc., NY,
USA). Descriptive statistics for all outcome variables were catedl and angked for
normality. Student'st-tests andy® tests were used to examine group differences in
demographic_and clinical (e.g. GMFCS) variables. The primary research questions were
examined ‘using regression moddlgear regression was used to test whether SDR status
predicted.painintensity, pain interferenceand fatigue and functional (SRFMjcores.
Multinomiallinear regression was used to test whether SDR status prediategedn motor
function (werse, no change, betteh). some cases, mean results are presented to aid in
interpreting#findingsThe fatigue measure (FSS) showed acceptable skew (0.12) and kurtosis
(—1.18) values; but a slightly bimodal distribution; thus, a-parametric test of group
differences in fatigue (i.e. tHdann-WhitneyU-tes) was conducted to confirm/contrasgith

the parametric tests resulfdl regression analyses controlled for GMHE®eI.

RESULTS
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Eighty-eight adults with CP participated in this studyCharacteristicsof participantsare
described in Tabld. The groups were not significantly different in afge=—0.46,
p=0.646),sex (y*[1.84=2.60,p=0.128), education leve}{ s5=3.45,p=0.631),baclofen pump

use k2[1,8520.364, p=0.546), hip surgeryxf[l,gq:1.862, p=0.172), tendon lengthening
surgery )(/2[1,85:0.810, p=0.368), CFCS level ;(2[1,8(3:6.79, p=0.147), or MACS levels
(;(2[1,85; =0.49,p=0.975. There was a significant difference in GMFCS levels between the two
groups )(/2[4,8g=18.55,p20.001) with thenon-surgical (comparisorgroup having less motor
involvement than th&DR group.The SDR groupprimarily comprised individuals who had
undergone_surgergt the Unversity of Michigan Hospital and Health Systebetween 1988
and 2002;,29 of the 38urgerieswere performed aUniversity of Michigan Hospital and

Health Systems

Pain intensity, interference, and location

In total, 65.9 per centof participantshad experienced some level of pain on average in the
previous 7days. Pain incidence was not significantly different between the case and
comparison.groty at 65.8 per centand 660 per centrespectively ;(2[1,8320.00, p=0.989.

SDR statuswas not significantly associated withpain intensity (8[s3=—0.07, t=—0.66,
p=0.512 or pain interferencefs3=0.01, t=0.04, p=0.965). Pain location was also not
significantly_different between the two groupow back and lower extremities were the
most commonly reported areas of pain for both groups, with no statisticallyicaghif
difference_between the two groupsrty-two percent of participants endorséalv backpain

(i.e. 34.2% of casesand 48.0% of the comparison group=0.194. Over half (54.5%) of
participants reparted pain in their lower extremitjes. 52.6% [20out of 38] of the SDR
group and 56.0% [28 out of 56f the comparison group=0.753).

Fatigue

SDR statuswvasnot significantlyrelated tofatigue score¢s=—0.09 t=—0.79; p=0.404) non
parametricstest results were similarly msignificant (J=796.50,p=0.582). Average FSS
scorefor_allsparticipantswas 3.9(standard deviation [SD].72).In the SDRgroup €=35),
themean was:3.77SD 1.80).In thecomparisorgroup (=49),themean wagl.00(SD 1.68).
A mean FSS score of four or higher represents clinically significant fatigue.

Functional change
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As depictedin Figure 1 in the SDR group, a larger proportion reported improvement in
overall motor functioning and a smaller proportion reported motor dettisue the non-
surgical (comparison) group Xf[z,gq:9.131, p=0.010) This finding was statistically
significant even when accounting foMECS in multinomial logistic regression analysis
(Wald test10:21, p=0.001) However, when the 66 participants who reported being
ambulatory at 'some point in ftihelives were asked aboutthanges inwalking ability
specifically, there was no significant difference between the two grc()fqﬁeqzl.GZS,
p=0.444).For those who reported declines in motor functioning, changes were first noted
between land5 years ofage forthree(13.6%), between 14nd 15 yeas for two (9.1%),
between 16and20 years forfour (18.2%), between 2hnd 25 years foreight (36.4%),
between 26and30 years forfour (18.2%),and between 3hAnd 35 years forone (4.5%);
notably, the'age at vich motor decline was first noted did not differ by SDR status
(r°11.22=1.553,p=0.907).

SRFEM scores were also significantly different between the two groups, wiBDiRe
group reportinghigher scores (better function) when corrected for GMFCS. SDR status
contributed.te.5per cenof variance in SRFM scores, withe SDR groupachieving higher
functional 'scares when controlling for GMFC$-0.24 t=3.04,p=0.003).As can be seen in
Figure 2, SRFM scores weshigher for the SDR group in all GMF@&velsexcept V.

Resultsalso showed that the SDR group reportedfisigmily fewer total numberof
hours of help (paid or unpaid) each d&y+0.36,t=—3.41,p=0.001) in regression models
that controlled for GMFCS; these analyses indicate that the SDR group reported receiving
5.88 fewer hours of help per déyanthe comparisongroup. As can be seen in Figu3 the
number of hours of help per day was comparatively lower for the SDR group within each
GMFCS category (no dataere provided bythe two individuals withSDR inGMFCSlevel

).

DISCUSSION

To our knowledge hisis the first study to compare adults with CP who underwent SDR as a
child with.these who did not have the surgery in terms of a broad range of ¢jinmiglalvant
outcomes, including pain intensity and interference, fatigue, changes in funethditg) and
amount of daily assistance usédbtably, there were no significant differencein pain or
fatigue outcomes between the SDR andnitvesurgicalcomparison groupdVhile these data

do not suggest a benefit of SDR in terms of pain and fatigug dilhveuggest that SDR does
not have a deleterious effect in terms of these symptsnthe children age and reach
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adulthood. Althouglprevious research has shown that pain and fatigueoanenon in adults
with CP, pain intensity pain interferenceand fatigue(FSS) scores were quite low iour
study population, although the same range as otheng-termSDR studies**%*

Research on outcomes for SDR has demonstgated evidence for lasting reduction
in spastieityand‘improved gait mechanics, with lesport for significant improvement in
function and participatioft. However, in the face of wetlocumented, multifactorial
functional "dé€line™in adults wittCP,*® it is pertinent toinvestigate whethechildhood
interventions have an effect on the rateletline For example, Tedroff et &f reportedthe
best improvement iGross Motor Function Measuseores3 years after rhizotomy, followed
by decline.Most of the decline that occurred was in participants who started with greater
motoric impairment, wareasindividuals inGMFCS levels| or Il gained and plateaued in
motor function‘Ailon et al’* followed 44 patients an average of Ydars5 monthsafter
SDR, and found small improvements in motor function scores attéwnyg follow-up for
those in GMECSevels Il or lll, but not for thosean GMFCSlevelsIV or V. These results
must be considered within the context of expected functional trajectories foe petplCP,
and therefore.may not represent improvement related to the surgestionalplateauand
declinewith,age’ is expead in CP, and evidence suggests especially precipitous declines
among [th6Sé"With greater motor involvement. For example, Opheim.’efoahd that
individuals with bilateral involvement had deterioration of walking skills Imsgoner than
those with unilateral involvementVe should ask, themyhetherintervention affects the rate
of this process across functional levéisour studyadults who had SDR in childhood were
less likely to seHreportgeneral motodecling afinding thatwas supported by higher SRFM
scoresand less reliance on daily assistance from othiemgortantly, these findings held true
even when_controlling for GMFCS levdhterestingly, this result was not replicatéa
changes in_walking function, geaps because ofthe fewer participants forwhom this
guestion was.applicable; only 25 participants in the SDR group and 41 gortiy@arison
group reported” ever walking, which suggests these analyses may be underpowered
Alternativelyy=itfmay suggest thaur study population took a more global view of motor

function, rather than focusing on walking alone.

Study strengths and limitations
Althoughwe hada relatively modest samplsize this studycompares welwith other long-
term SDR stugs We includel an agematched comparison group,which allowed

interpretation of findings in the context of a similarly aged population with CP. [Futttiee
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study only included adults, leading to a longer follog time than many of the currently
published SDR studieShe sole use of seieported outcome measures in this study conveys
both benefits and limitations; many healdtated quality of life outcomes, especially those
that are not easily observable (e.g. pain, fatigue)bast measured by sedport. Howe\er,

a retrospectiverseleport of changes in functiaa likely to be lesseliablethan prospective
measurementA’ combination of selfeported measures, proxgported measures, and
objective 'measures of functioning recommended for future studies asmeansof
optimizingidata reliability andsalidity. Responses to the question about the hours of unpaid
and paid help received each day suggest that interpretation of the question mdijférece
somewhat across respondents; for instance, some inde/idl@MFCS level answered that
they received 2#ours of care, whereas one pergoiGMFCSlevel IV ansvered that they
received only hour of care, suggesting that interpretatiorthefp’ may vary.Nonetheless

we have no reason to expect that diffees in interpretation were systematically different
across th&sDR and comparison groupst other words, any response bias is not expected to
affect the group differences that were found. Future research should assess help or assistance
further, withowmere specific questisiand/or adjunctive repatfrom parents, caregivers,
spouses, etc.

The SDR" andcomparisongroups were significantlgifferert in terms of GMFCS
levels however, we were able to control for this difference in multivariate statistid¢al tes
The two groups we also likelyto be different in terms diypes of CP, since we included
participants who reported any diagnosistofThe SDR group probablyprimarily comprised
participants with spastic diplegic or quadriplegic @Rgereas those ithe comparison group
might have beemore likely to include other typesf CP (dystonic, athetoidhemiplegic
etc). Therefore, this studiias includedch more global view of functi@i status via GMFCS
acknowledging that participants may not be abladcurately seffeport the subtype of their
CP diagnosisAdditionally, the SRFM, developed for use in participants with spinal cord
injury, may-besleswvalid in the CP populatiorOriginal questions included in the study may
have beensdifficult for partipants to interpret in the way the researchers intertumaever,
this potentialfor bias was present in both study groups.

Recruiting in clincs and collecting data via thetérnet raises the potential of
selectingparticipantswho have regular medic&bllow-up and higher socioeconomic status.
We also included only a feparticipantsvho had thie SDR elsewherdghan atthe University
of Michigan.This makest more difficult to generalize these results to otimexdical centers

that performSDR, especially as selection criteria may vary between institutions. The high
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proportion ofparticipants in thé&sDR groupclassified inGMFCSlevel IV probablyreflects
older selection criteria dhe University of Michigan Hospital and Health Systeras SDR is
now moe likely to be recommended in ambulatory patiehtswever, despite the greater
motor impairmentof those inthe SDR group, they reported requiring less care than their
GMFCSmatehed peers.

Conclusion

Adults with CP who underwer8DR as children repoed similar prevalence and impact of

pain and fatigue as adults with CP who did not have the surfjeey.reported higher levels

of function,, hadfewer complaints ofgross motordecline, and needed less assistance than
their peergn the nonsurgical group More research is required to understand the nature of
functional decline in adults wit&P, and the impact of pediatric interventsomn addition,

the lack of significant difference in pain prevalence, pain interfereamze fatiguesuggests
thatthis paricular spasticity treatment does nieavea significant impact on theseommon
symptomsand more investigation is required to determine best practices to decrease pain and

fatigue in adults'with CP.
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Parameter Case Comparison  Total p

n 38 50 88
Mean age, yno (SD) 27:4 (4:6) 26:10(5:1) 27.0 (4100 0.646
Time since SDR, yno (range) 220 (127-284) N/A
Sex % male 55.6 38.0 45.3 0.128
Ever had baclofen pumpes n (% of group) 5/35(14.3) 5/50(10) 11.8 0.546
Ever had hip surgeryes n (% of group) 14/35(40) 13/50(26) 31.8 0.172
Everhad tendontlengthening surgemes n (%
of group) 19/35(54) 32/50 (&) 60 0.368
Education leveln(% of group) 0.631
Less than high'school diploma 2(.7) 5(10.0) 7(8.2)
High schookdiploma or GED 13 (37.1) 25 (50.0) 38 (44.7)
Vocational shool/associates degree 8 (22.9) 8 (16.0) 16 (18.2)
Bachelor'sidegree 9 (25.7) 7 (14.0) 16 (18.2)
Master’s degree 2 (5.7) 4 (8.0) 6 (7.1)
Doctorate 1(2.9 1(2.0) 2(2.3)
GMFCS leveln (% of group) 0.001
I 2(5.3) 13 (26.0) 15 (17.0)
Il 7 (18.4) 18 (36.0) 25 (28.4)
11 11 (28.9) 4 (8.0) 15 (17.0)
v 14 (36.8) 7 (14.0) 21 (23.9)
\% 4 (10.5) 8 (16.0) 12 (13.6)
CFCS leveln’(% of group) 0.147
I 28 (715.7) 25(51.0 53 (61.6)
Il 4 (10.8 13(26.95 17 (19.8)
1] 4 (10.9 6 (12.2 10(11.6)
v 127 3(6.1 4(4.7)
\Y, 0(.0 2@.) 2(2.3)
MACS level;n(% of group) 0.975
I 13 (34.2) 16 (32.0) 29 (33.0)
Il 14 (36.8) 20 (40.0) 34 (38.6)
11 6 (15.8) 7 (14.0) 13 (14.8)
v 3(6.0) 3 (6.0) 6 (6.8)
\Y 2(5.3 4 8.0 6(6.8)

SDR,selective dorsal rhizotomyy/A, not applicable; GED, general education development;
GMFCS, current Gross MotdétunctionClassification System level; CFCS, current
Communication Function Classification System level; MACS, current ManualAbilit
Classification System level

Figure Legends
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Figure 1. Percent of participants in each grompo reported better, unchanged, or worse
overall motor functioning with time.

Figure 2. Mean SelfReported Functional Measure (SRFM) scores for the selective dorsal
rhizotomy EDR)‘and nonsurgical (conparison) groups within each Gross Motor Function
Classification GMFCS category.

Figure 3: Mean, median, and minimum/maximum hours of help (paid and unpaid) each day
for the selective dorsal rhizotomy (SDR) and soimgical (comparison) groups within each

Gross Motor Function Classification (GMFCS) category.
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