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Abstract

Spinal Cord Injury (SCI) in the pediatric population is relatively rare but carries significant psychological and
physiological consequences. An interdisciplinary group of experts composed of medical and surgical specialists
treating patients with SCI formulated the following questions: 1) What is the epidemiology of pediatric spinal
cord injury and fractures?; 2) Are there unique features of pediatric SCI which distinguish the pediatric SCI
population from adult SCI?; 3) Is there evidence to support the use of neuroprotective approaches, including
hypothermia and steroids, in the treatment of pediatric SCI?

A systematic review of the literature using multiple databases was undertaken to evaluate these three specific
questions. A search strategy composed of specific search terms (Spinal Cord Injury, Paraplegia, Quadriplegia,
tetraplegia, lapbelt injuries, seatbelt injuries, cervical spine injuries and Pediatrics) returned over 220 abstracts
that were evaluated and by two observers. Relevant abstracts were then evaluated and papers were graded
using the Downs and Black method. A table of evidence was then presented to a panel of experts using a
modified Delphi approach and the following recommendation was then formulated using a consensus ap-
proach: Pediatric patients with traumatic SCI have different mechanisms of injury and have a better neurological recovery
potential when compared to adults. Patients with SCI before their adolescent growth spurt have a high likelihood of
developing scoliosis. Because of these differences, traumatic SCI should be highly suspected in the presence of abnormal neck
or neurological exam, a high-risk mechanism of injury or a distracting injury even in the absence of radiological anomaly.
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Introduction

SPINAL CORD INJURY (SCI) before the age of 15 years is a
relatively rare occurrence, but it can have important
psychological and physiological consequences. Although the
exact frequency is unknown, it represents <4% of the overall
incidence of SCI annually (National Spinal Cord Injury Sta-
tistical Center, 2004). The mechanism of injury, the male:
female ratio, and the level of injury are different than in the
adult population. The incidence increases rapidly with age,
with >30% of injuries occurring between the ages of 17 and
23, and 53% occurring between the ages of 16 and 30. The rate
of recovery following SCI in the pediatric population is also
thought to be faster.

This systematic review of the literature was undertaken to
evaluate three specific questions: 1) What is the epidemiology
of pediatric SCI and fractures; 2) Are there unique features of
pediatric SCI that distinguish the pediatric SCI population
from the adult SCI population; and 3) Is there evidence to

support the use of neuroprotective approaches, including
hypothermia and steroids, in the treatment of pediatric SCI.
The systematic review approach was chosen to review the
evidence surrounding these aspects of pediatric SCI because
of the paucity (or nonexistence) of good randomized con-
trolled trials for this particular problem.

Methods

A systematic review of the literature of three online data-
bases (EMBASE, Medline, and the Cochrane database) was
performed for articles matching the search criteria through
June 2009. The search strategy was: (“Spinal Cord Injury” OR
“Paraplegia” OR “Quadriplegia” OR “tetraplegia” OR “lap-
belt injuries” OR “seatbelt injuries” OR “cervical spine in-
juries”) AND “Pediatrics” (All mapped to subject heading,
including all subheadings, and searched as keywords). This
returned a total of 220 abstracts. The search was then limited
to English language abstracts and human-subject studies.

1Research Center, Hopital Ste-Justine, Montreal, Quebec, Canada.
*Department of Surgery, University of Montreal, Quebec, Canada.

SResearch Center, Hopital Sacré-Coeur de Montréal, Quebec, Canada.

1515



(panuijuoo)

VIOMIDS pey

asnqe piyd woxy SuLIdNS SjuRyuI [[e pue “VYOMIDS PaMOYs samfur
Sumaods jo 9,6/ “Aj8unsaauy "§OT 19}I0YS pue GS[ MO A[9ATIe[dX

© JJIM pajerosse saLmlur paje[ost arom pue (sreak g-¢y ‘oSe ueaur)
sA0q JuRDSaOPE Ul ATPAISN[OXD jsoue parmodo saumlur Suniodg
"SIAIP PUE S[[EJ JO JNSAI B St A[UOWLIOD JSOW PILINNO DG INOYIIM
10 yyIm sampoely aurds [edIAIe)) “(9,06) d1ex Ajferour jsaySiy ayy pue
‘STHD 180w “(SOT) Aeys Jo yy8uay 3s98u0] /(SS]) 21008 AJrroaas Amfur
1s9yS1y A yIm pajerosse arom pue (suerysapad A[[enadss) ewmen
PaJe[RI SPIYDA I0JOUL JO J[NSAI B SE Ud}J0 Jsour “(s1eak 99 ‘a8e ueawr)
URIP[IYD 12SUNOA Ul paLmad0 SUOHEO[SIP 1D “(%68) THOD Pue (%¥L)
soumfur aurds [esrazeo 1addn yjm pajerosse pue (s1eak g ade uerpsw
pue ueawr) udIp[iyd 1SuUNoA ur uLLMOd0 (%G6) Pare[or APIYDA
10J0W A[UOUILIOD JSOW ‘0,G"Q] SeM djel AJ[epiouw [[e12A0 ay [, “([HD)
saLmfur peay pasop pajeIdosse pey 98¢ SLAIdYM ‘o,ch Ul PALINII0
savmfur surds [ed1a1e0 pajejos] ‘patp syusned 1noj [re pue ‘pajer

I9)Uad ewuner)

SIYIA I0JOW AIDM IS} JO IN0J {(£D~$D) dulds [ed1419 T9MO] aYy} oujerpad
Gurajoaur suorsa pi0d aja1dwiod pey sjusned 9AL] "9,8¢ UT PALMIIO 1 [9A9] € je
VIOMIDS WO 0} %/ PU® {23 =6D) 0} 9%ST FD~1D 03 soumfur APARNdasUOD
paurejsns udIp[Iyd [[e jo juadiad e pajeany
-Ayx1g “saumlur pajepaI-s310ds [re Jo 9,67 103 pajuNoddE SaLM U [[eqio0.| syuaned ¢o1 jo
*(%¢¢) soumlur Sunzods £q pamor(og “(%4zS) parerox JuowLa) pareduod pue MIIARI B
SPIYIA I0j0W sem AU JO WSTUBYDIW UOWWIOD JSOW ], "dsnqe ‘Amfur jo sad£y PO1OI[[0D oM IR soumfur surds [URIPIYO UL haa8ing
10 sarm(ur Sunrods Yim pajenosse ewmer) odu YIM SJUDSI[Ope pue swsiueydaw JUBAS[IY "PIMIIAST [ed1a1ad ‘s1eak 7' -/ + MITADI saum(ur orvipad fo VSN ‘1002
Sunen[ess uaym [enuassa st VIOMIDS 10§ uonidsns jo xapur ySny v 0'sT ‘sonqderBowap juene oM syrey spLne]  ¢oreSe ueaw 1:9°7 /N aandadsonay aurds [esraro)) jpuinof “Te 39 umorg
SYAOMIDS uaLmdar rourw asayy Sunuaaaid ur jjauaq
Aue ajensuowsp jou prp Sumerg ‘uonRdUNy [EdI30[0MBU [eULIOU
0} Pa12A02a1 sjusned YIOMIDS FUSLIMIAI [V “VIOMIDS [eniur ue
woxy paneajeld 10 paraA0dar IBie Suraey Ia)je JOYAP [edISo[omau ‘pazATeue pue -Bumoerq 10y
jusuewrsad e padofaasp pue pajeroLaap oym YVIOMIDS aseqejep e ur pajoaf[od uonedIpur JO
ym juanjed e Jo sased ou a1am dIdY ], ‘s[[ej pue saumfur sjrods se yons sisoudoxd pue swodno QI9M BJep JURAI[RY ey pue
‘swisiuepawr A819us-mof axowr pue “Amfur [esrdojoimnau pasjoAur ssaf “VIOMIDS Suneiq pue ‘pamaraar arom Amfur Ayqejsur
“a8e 190 “@duspul 1yS1y e 03 10adsar Y3m amjesay| ayj ur pajiodar JuaLMdaI ‘orjer 8101, aurds 9014190 10§ UONEIO[SIP 10 dImoery 3[N220 jo
asoyy woyy pazagyip syusned asay ] ‘pouad maraar 1eak-G¢ Ay} 1A TN JO sisAfeue XX'ZG6 IPOd 6-(1D] ue moyym [0S ‘401 98k MIIADI dudsqe ayy vsn
uoHMIHSUL N0 e VIOMIDS Yim pasouserp aom sjuaned 681 Jo [e303 v 0’6l ‘sonydesownsp juaneq UALM SPIOdAI sjudre uedut “9y¢/%99 4/IN aamadsonay  VIAOMIDS dHIeIpad auds 700" Te ¥ yosog
VIOMIDS pue Amfur
aurds edrArad JuapIAd
AjreorydesSorpes
: sa11039)ed
OM] UT PIPIATP dIOM
-Amfur Sunoensip Amfur surds
e pue wsnreydaw Amfur ysu-ySny e yoq pey onewoyduwise Ajpeorurp [eo1a1a)) “pareduwod pue
M oym [5D itm spusned [V “94F6 JO AIATIISUSS B pey SaLds P31I3[[0D Sem ejep
onyderorper mara-samy) e {96/ Jo [SD 10§ Ajianisuas e pey sydeidorper JUBAS[AY "PIMIIAST
esa1e] “(0'0>d) sSurpuy esrdojomau reuriouqe pey dnoid arom Amfur 18D 105 [eydsoy “saumfur QUIPIN
ISOHY 343 JO (%9]) XIS pue “UOTeUTIEXa 33U U0 sSurpury [euriouqe Amfur jo swsnueydawr aurds [edraIad 10y woxy padreydsip aurds [edrazed RouaSiomy fo
pey syusned au [[e JO (%,08) dUTU-£110] “VIOMIDS PeY € pue ‘sydexSorper jo 300 pod G- ue 81> syuaned MIIADI sugerpad jo [ouanof VSN ‘6661
IDSHY pey siuaned £110 “UOUIWod Jsow 3y 1M saumfur pajerai-sirodg 91 ‘sonqder8owap juane UM PIOD3I SJUSLe ] N %LS ‘6 93 ueIpajAl aandadsonay uonen[eay uvdLIAULY “Te 39 1oyeq
“uondeI} 10 S}SIA O[eY JO 3N Y} Ul saLi0gajed ade
Qa1 Ay Suowre seduaAyIp JuEdYTUSIS ON “(F°0 > 499 =[Z]gX) sdnoid
19410 AU} PIP uey) (%9F/ = 1) suoisny arowr AJuedyruSis pafal
suaa, 'safe [re Suoure suonrodord refruts ur pasn arom Aurojoaururef
pue UoneXL] ‘[[eI2A0 [DG JO asned juanbaly Jsowr sy} are SjuIpIIE Jusweuew
IRINOTYIA pue ‘saseadur a3e se Sasea1dap safewdy jo adejuadiad oy, ‘suonedrduwod
*(%¢) suerseone)) pue (1) Snpe yim paredurod Jedrpaw pue
se (9,87) SURILIDUIY-URILYY Pue (%,6]) Suadj-a1d 0} saumfur jo areys soumfur pajenosse
ayeuoniodoxdsip e 105 pajunodoe ‘sjoysung Apueunuopaid ‘sardofone ‘K19A0091 TRUOTOUNY paredwod pue sar3o[ona
JUBIOTA T0'0=d (%S) Sinpe ur ueyy “(%¢g) susay-a1d Apremonred ‘SonSLIR}ORIEYD PIIII[0D dIOM EJep onewmer) yjm
“uarp[yd ur Apuenbaiy axour ey padofaasp sisorjodg sympe Teardojomau JUBAS[IY "PIMIIAST 1DS ‘£°T1 weawt pjo MITADI VSN ‘G661
U §D—FD) pUe ‘sus9) Ut ) ‘susay-axd ur gD sem Amfur Auoq jo [2a3] 9O 091 ‘sonyderSouwsp jusneJ QIOM S)IRUD S)USTE ] SIA GT—¢€ ‘82/09 1/IN aanadsonay ynoA ur 1Dg SOLYDIPA [VOIUITD) “Te 39 aiddy
“(anjwa-d pu aui003no yova iof sjnsat ayj uvaN 24nSVaUL AU00NO JUUVIA], uoyndoq adA] L Jouinof Aaguno)
ap1oodd “ysaif Saui0d3no urwuL 3siy) NS /4va g Jhouiny
21005 u8isap hpnys
yuig puv
sumocy

HT14VL AIVILNAAIAH T 414V ],

1516



(panuijuoo)

(171 SA T¥°€) SHNPE 10§ Ueyy UDIP[RY 10§ 10y31y Apuesyrusis st SALY
poaraysi3ar 001 1od ajer Amfur pajewmsa ayy ‘Afeur] “ysed ayj jo awn
A} 18 ALV 9y} SuIALIp a1oMm [[e pue ‘98e JO SIedA §> 9I9M UdIP[IYD
pamfur Ajreyey 3ySe ayy Jo Moy 'SALY uo soduassed arom uaIpmP
pamlut Jo (09=1) %ST Pue ‘pamiur usym ALY ) SUIALIp 219Mm
§>919M OYM UIP[IYD PAInfur [[e Jo (ST =) %S¢ “TOIAIMO "SALY U0
sro8uassed Suikired jsuree asiape pue ATy ue Suraup woxy a8e jo
s1eaA §> a1k oYM udIp[IYP Jiqryord suonenSar ey saLmur Iayy jo
J[NSAI & Se PaATp UIp[Iyd 1S nq ‘Teyrdsoy ayy woxy padreydsip aem
(%¥6) USIPIIYD ISOIA “Amfur p10d [eurds 1o ureiq opewmer) paurejsns
URIPIYP JO (g€ =1) %G Mg “yuanbaiy jsouwr axem saumfur srpadoypio
“(skep ¢p—( 28uer) shep g sem Aejs jo y8ua| uerpsw pue ‘09

-/+ (08 Sem 2100s Ajuranas Amfur uesy ‘s1eak 9'¢ -/ + 71 sem ade
o8e1aAR AU} pue ‘[:£°7 Sem O1jel [ewaj 0} J[eJA “uoissiupe 1d 0Fr$
JO sadxeyd URIPAW IIM ‘Bsn ATV SuLmp paurejsns samfur jo ynsax
e se pazi[eydsoy a1am UdIP[I OEL ‘9661 O3 T66L WOL] “000 ‘BET$
pare30} spuarjed asay) 10§ SASTeYD Y pue ‘g9cg sem a8reyd Y uerpawu
A, “Juanbaiy j3sowr axom saumfur drpadoypro pue urys pue (1:1°g :oner

uonisod Surpur ‘sad£y

‘paredurod

pue pajoafod

QIOM BJEp JURAJ[RY
PIMIIADIT DTOM

ALY 10}
apod Amfur jo
IsNED [EUIDIXD

‘soumfur ALY
ouerpad jo

Srewdy:aTew) SMIS se pamur A[Uowwod se 90IM]} d19M SA0g "d[ITA Amfur pajepI-A 1V 1SD 10§ dp0d 6-(1DI 7’11 98e a8erone MIIARI JUSWISSISSE VSNI100T
UTELId)-[[€ U PIAJOAUT UIP[IYD £q SHISIA Wwoox AouaSiaws g9z ‘9661 Ul 0’41 ‘sonydesSowap jusneg U UJIM PIODAI US| ‘LLT PuUe 1T /N aanpadsonay paseq-uoremndod v SOLUDIPa] e 19 YDTAOUR[IAD
sdnox8 a8e usamiaq JuaIRyIIp ApuEedyTudts
JOU dI€ SALM[UT UWN(Od [LIGR}IdA PIJE[OST JO S[PAI] JO UOHNJLYSIP pue
saLm(ur anssy 3jos [ergajrdAered Jo S[PAJ[ Jo uonnqLysIp YL, (10°0>4d)
Jueoyrudts A[ySny a1om sdnoid a8e usamiaq Amlur jo swstueydaux
JO suonNqLUSIp pue AJLI9AdS AMUT UT SIOUSISJJI(] JUSUIYDILd Ueqin saum(ur jo
ST} UT 9§ Sem 9)el AJ[elIow [[eroAQ) "AImfur pajerosse uouruod jsour 1249[ “Amlur jo paredwod
Ay} sem (%,€) Amlur urerq ogewnei], *9,9 sem YIOMIDS JO duspour wsIueydaW ‘ejep pue pajoa[[od
YL ‘(FD-O) aurds [es1a1e0 YS1y ayy sem [2A9] Amfur uowrwod onyder8owap Aq 9I9M Bjep JURAS[RY
JS0W A, "9,89 Ul Juasaid arom SaLNUT aNSST 1JOS [eIqalIDARIR ] paredwod are suordar (6'256-0'7S6'6°L¥8-0°LF8
-dnoi8 a8e xeak 11 ayy ur 3saySry payuer sprodg ‘sieak g—g sade SAIJ OJUT PIPIAIP 6°6£8-6£8°6'908-S08 sasouerp ewmery faa8ing
10§ 159YS1Y padUeI S[[e] "SJURUL 0] 1SDYSIY PadURL PUE (%67 ‘DAIN) uwmnod feurds ND-6-0DI) PaMmaIAaL Teurds :gy6 oS¢ M31AdL USIp[IYD Ut ruipad fo VSNH00T
Yseud JIYaA I0j0w Sem AIfur Jo WSIUeDIW [[EI9A0 UOWLIOD JSOW Y], <91 ‘soryder8owap syuane g QI9M SMBLD SJUBTE ] ueaw ‘s£oq a19Mm ¢/ aanadsonay saum(uy reurdg uuinof “Te 39 eI
-Kmfur renrur ayy jo AJ1I9As 3y 03 paje[ar
aq Aewr sny, ‘syuaned ewmenAjod ur pue (900'0=d) Aqesrdmsuou
pajean; syuarjed ur uey 1aySny sem syuaned [esrdms ur ajer
uoneordwod ayy, “stsorjoss padopaap sjusned om], “uoneULWINISUT
pue ‘uorsny ‘uorssarduwodop juomiapun jusdrad useyySig
‘saumfur pajenosse pey juadiad somp-Ayry (100°0>d) uIpmp
IOP[O UL} TP 0} A[OMI] JIOWT DIOM SILIN[UT [EITAIID UM USIP[IYD
Sunox seumfur reordojomoau ajerduros pey pue dnoid a8e ¢ oy
UI 21oM VIOMIDS WM sjuaned oA jo moyg (10°0=d) dnoi8 a8e ¢— ‘pro s1eak
AU UT UOWW0d 10w sem Amfur pro)) “pasoxdur soumfur ajorduroour LT-ST pue $1-0T
¢ re pue sotmfur [esrdojomau 93o1dwod pey [z Jo USMNL TDS “6-0 :sdnoig oge
pey Juadiad USSJAUIN] “JUSWSAJOAUT SNONSHUOIUOU [AS[NW 9,/ Pue Amfbur 991} OJUT PAPIAIC] ‘suorssTwpe
‘SNoNSHUOd PASMNUW 9, “TeqUIN| %67 DDRIOY} 9%FE ‘TeITATD %9¢ Teor3ojomau jo ad4y ‘paredurod pue Tedsoy sanbiuoa],
2IoM SALM(U] "S3LIDS STU} UT 3SNED UOWIOD JSOW df} dIOM SJUSPIdE ‘saLmn(ur Jo 23] P31I3[[0D BIoM Ejep saumfur /ET JO MI1AdI B 2 siaplosi]
Te[nonyaa 10J0IAl (1000 >d) 98e yim pasearour sduapour Amfur pue swsIueydaw JUBAS[DY PIMIIAST aurds ‘A 71 a8e MIIARX :samyoesy jwuids fo VSNH00T
aurdg *£1-G1 pade g6 pue ‘F1-01 pade F ‘-0 pade spuaned 9¢ a1om 1Y, 041 ‘soryder8owsp syusnie QI9M S)IELD SJUBTE] ueawr ‘o,8% /%S 4/ aanadsonay aurds ourjerpa g uuinof “Ie 12 uoarre)
sme|
JouwIaY dAeY sajels [z ATuo Inq ‘9,59 Aq Amlur peay jo ysu sy} adnpax
SpPwRH -djer [euoreu ay} saw 1S APjewrxordde ajer Ajerey
e sey erur3IrA 1S9 "SaYsed [e3e) JO 9,08 Ul parmddo saumfur surds
pue uteig ‘0007 PUE G661 UIDMIA] IA/SUILIp LGE O} PASLaIdUl [PIYM
F661 PUB 0661 U99MIDq I /SIS (F7 PIIRWISS UR PIsned SA LY
‘$9)B)G PaJIUN) A} U [UOISNPUO)) JPWRY  Sulieam sem judrjed auo
Aquo ‘sypeap yS1d Jo (810} € 1M I, "SPPWY Jurieam aram ade jo *MIIADI
s1eak 91> swIPIA JO 94,GT ATUQ "spowpy Surream arm 9,17 A[uo pue aanadsonax
‘uonyerndod ormyerpad ayy ur 91om (SWIOIA @67 JO G/) SWIIIA JO PIMY} 1eak-1 ©
-ouQ spurRy Surream a19m A ATuo ‘soumlur sixe reurds paurejsns uoneysiday Ajoyes paredwod pue RTUISIIA JSOA Ul
syuanyed geg JO AAT-A)T "SYUSPIDUL [[€ JO %,()G JSOWIE UT PIAJOAUT dIOM ‘snjejs JPwPYy PIIII[0D dIOM Ejep eyep Ansidax saysem ALY Ut
s3nap 10 /pue [OYody “spwaY Sutieam arm spuaned [re jo %,cz AUQO ‘saumfur jo ad4y JURAI[RY "PIMIIADI eumen ‘g'/g 9e MIIARI peap pue Amfur VSN F00z
‘s1eak ¢/ J0 oSe aZeIaAr Ue IM ‘O d1oMm SWIIA Jo Juadrad AySig 091 ‘songderSoudp sjuaneJ QIOM S)IEYD SJUSnE ] o8eraae ‘orewr 9,08 aandadsonay TeorSofomaN AiaSinsoinaN “Te 30 11eD)
‘(anjwa-d pup auiodjno yova 1of sjmsat ayj UvIN aumsvaul au0jn0) JUAUGVIL], uoyndo adAi] L ouinof fagunod
apraoad 3s41f sauioono urwuL §sty) sjnsay /Ava §Joniny
24008 u8isap hpms
Yovpg puv
sumoc]

(QINNIINOD) T ATAV],

1517



(panu1juoo)

‘uorpuny esrdojoimnau jo £19400a1 a3a[duiod

10 stsougoxd jusEoxe ue pey pue ‘Amfur 9ja[dwod e yjim pajenosse
Aparer sem ‘saum(ur Teurds ayy Jo 94,z AJuUo 10j pajunodde YIOMIDS
“URIP[IYD J9p[o U] “saumfur a3adwod a1om 9,/ 19438 9q 0} papua}
pue saumfur reurds [[e Jo 9,g¢ 10§ PajuNodde YVIOMIDS “USIP[IYD

BunoA ug -a8e s juened ayy 03 pajepar axom A1oaodar 105 sisouord QUIODINO “JUdUI}LaI} amyera)|
ayy pue ‘AJ119A9s $)1 “Amfur Jo wstueypaw 9y “VIOMIDS paureisns “uonjenyead reordoforper A} JO MITADI
(%9T) UIPIIYD 97 “asay} JO "UOnIUNJ [edI30[0IMAU JO ATOAODI IOf ‘uonejuasaxd paredwod pue pue sased
sisougoxd 100d e pey yIOMIDS woiy sypygap [edrdojomau ajardurod reor3ofomau ‘Amfur jo Pa19[[0D 1M IR ewmex Teurds 9z jo y10dax stapA0sI(] vsn
UNMm sjuane -awodino jo 10prpaid jueirodur ysow ayy sem Amfur wSTueYdAW “VIOMIDS JUBAS[IY "PIMIIAST AOMIDS Yim MIIAI VAOMIDS jourds fo ‘1661718 12
eor8ojomau jo AJureass ayy ‘saumfur p1od reurds jo sadA) U0 ym sy Q'er ‘sonyderSounp jusneJ IOM S SjULne ] %9T ‘66T =1 ‘T:€ /N aandadsonay SLIRIPa ] wuinof ueunPI(|
(0£9¢°0=d) 04 g0 3de>xa (1000°0>d
04+2Z 1000°0>d £ 1291 “£100°0=d 04 G1-€1 “8£20°0=d 0f 71-9)
[Te 10§ JuedyrusIs st awn 1240 DS Jo £3010ng (100070 >d) sonredsi
10 SUBDLISWIY-URDLYY IS Ul Uey) sajrym ut DG jo uonrodoxd (pro s1eak +7g
1918218 © pasned sjrods pue saysed IeMonyaA yjoq ‘a8 jo sieak pue ‘1z-91 ‘ST-€1
€1 1589] Je a1am oym suosiad Suowry *(1000'0>d) a8 jo s1eak ¢ 21-9 ‘60 :sdnoid
1S3 b AIOM OUM SI[RWAJ SUOUIE Uey) Sa[ew Suowe [ )G dI0W pasned SAI} OJUI PAPIAIC] ‘SjUadSI[OpE pue
sy0ds “(£610°0=d ) syusdsajope 1ap[o pue (5z60'0=d) siajooydsard ‘pareduwod pue 106 ‘s1eak ¢ URIp[IYd Ut
10§ JUedYIUSIS SI VIOMIDS JO duasqe 10 adussaxd ayy 03 diysuonepar [2a9] Amfur pue [SSRCI(SRIENCYYRETET) pasde asoyy Suowe Amfur piod AUPIN PA0D) vsn
ur suorsa] a3a1dwiod Jo ddudpU] (10000 >d) dnsuLRIeYD A3orone “VIOMIDS JURAS[RY "PIMIIADI %16 ‘@3e jo sreak MIIADI reurds jo jouds fo $002T ‘[PS0A
aandunsap A1aad ur sdnoid a3e ssome saouaIafIp JULdHIUSIG gel ‘sonyder3owap syuane g QIoM SHeYD Sjudne ] 1 Pue 91 Ul 9,cQ S[R]Al aanpadsonay AZororuraprdg ouinof pue oAIAR(q
3nds yymord
JUIDSI[OPE A} I35
pamfur
“UOTJRUTUIEXD SUTINOI 350U} pue 210jq
sarmbai s 1nq ‘srsorjoos onArered 105 ysix sso yonw je st juened pamfur asoy ‘sdnoid
I9p(0 Y, "Amfur jo [9aa] a} 03 pajear aq 03 readde jou prp Ajnurogep 0M] OJUI PIPIAI(] 1DS ‘s99189p 7'z¢ ‘syuaned
Teurds onAfered aarssar8oxd ay, dnoid jussssjope-axd ayy ur SISOT[0DS 10§ ‘paredwod pue juadsafopeard aAmd pamfur-piod
uorssarord Surkep ur aanoagge sem Sumerq “Apanoadsar ‘o,zg pue £128ms pue Supeiq Po13[[00 1M R o8eroay 'steak /T N Teurds sorpado1i0
/6 ut padofaaap sisorjoog ands y3moid jusdssjope oy 1eye painfur ‘syderSorper JURAJDY "PIMIIADI s1eak 91 . o8e MITARI ouerpad oLuIpa Jo VSN066T
950y} pue 210Jaq panfur asoy} :sdnoid 0m} OJUT PIPIATP SI9M SJUBTIE] 0% ‘songderSowap juene QI9M S)IELD SJUBTIE] a8eraae FF /11T 4/IN aandadsonay ur SISOT[00§ puanof “Te 39 Jjo1ea(]
‘uotssarduwiod suoq im omj pue ‘vondnistp snojusureSy yiim moy
‘ewojeway [emprda yjm omy papnpur dnoid sy RIA o suorsa|
PI0D OU PA[LaARI JDYIP [eDIS0[0IMAU PIOd JNOYIIM ST d8reydsip
[endsoy uo sypyap jus)sisiad pey [[y “PIod [EWLIOU B PI[eaAdl
SUO pue “UONDIRJUT SAISUSIXS PEY SUO “UOISNIU0D JISeLIOWSUOU
PeY 9UO ‘SUOISNIUOD JISRULIOWSY Pey INoj ‘SjYap [ed180[0mau pIod
reurds yim uaIp[Iyd UdAdS JO ‘RIIA VO “Amlur jeurds synoeqns /anoe
ym uaxpynyd ur sisoudoxd /sisouderp 10y (003 Teonoerd e sapraoid Am(ur reurds
TIAL 18y} 9pNPUOd SIOYINE Y} ‘S)oyap pIod judsisiad Juesyrudis sSurpury paredwod pue Qnoeqns /anode jo
UILM POJEIDOSSE 9I9M YA UO PUNOJ SUOIS] PIOD JIFLULIOWSUOU pue srydesSorpex [SSRGI(SRIENCYVR ) uonenead YA SLI9S RN Jo d[ox fi8ojorpvaoinaN
S13eyLIOWAY] Y30 9SNEIdY “UOTIEIO[SIP dINIOLI] OU IO ‘D)OUIAI “IOUTU pue 1D TIN JURAJ[IY "PIMIIAAL ‘sreak/1-y g 98e 9Sed MITAdIL uRIp[IYd Jo jpumof VSN ‘€661
UHM UOTOIRJUT 10 /PUE UOISNUOD PIOD JATSUIXD dABY Aew UIP[IYD) 0F1 ‘sonyderSowap juane QI9M S}IED SUdTe] ‘S1=u /01 4/IN aandadsonay ur saumfur reurdg uvoriauy N[V “Te 39 siaeq
Ygz< Sunsel sypyop 1ojow fenred ypm
syuened Inoj ayy ur Surpnpur PIA JUIMIdpUN oym saumfur renred
UM syuanjed /T [[e UT [EUWLIOU 99 0} UMOUS 9I9M SIUSWI[D [EINSURIXD
pue [eINAN “IYIO Y} UT S[AAJ] dDEIOY} PUe [ETAID je dFeyLioway
Pajenosse Ym ewapa p1od pue Amfur 9jopduwod yim uaIpymyd
AU} JO SUO UT [9AS] [BITAISD 3y} e Jurfems piod [eurds pajeasar
Burdewnioman (%,68) syusned /T U Yz unpim paureiqo arom
sarpnys Ay, ‘sypyap [edrdojomau renred yym Sunussard syusned 1DS “(g°¢1 ueaun)
8T Jo /1 ur pue saunfur ajardwod yyrm Sunuesard syusned yjoq sreak /T pue g
ur paurroyrad sem DN (%gg) stusned mojy ur Yz < pajse[ pue g/ AWodINo pue usamiaq sjuanyed /1
ungim syuared QT JO (9%8/) F1 Ul PIA[0sal SyDYaP [ed130[0INaU [erre ] TN “uonejuasard paredwod pue ‘(4% ueaw) a8e jJo
“(9%68) syuaned £ ur ((q aped [yuery) rensed prur pue /(94,6) Jusned [esr8ojomau [SSIRCI(SRIENCYRETET) s1eak g pue ¢ SaLIas “VIOMIDS
Quo ur (D apeid [xuery) rented a1aAss (9,01) spusrred omy ur (v ‘Kmfur jo asned> JURAS[DY "PIMIIADL UaMIaq UBIP[IYD 3SED {MIIADI sugerpad ur AaaSimsoinaN fo VSN 2002
apeid [ayuery) a39[dwod arom uonejussaid uo saworpuAs [ed130[0INaN 0'sT ‘sonqdexSowap juane QIM SMELD SJUBIE] Qa1 g/ /1 4/ aandadsonay UONR[AII0D TN Jjouinof “Ie 19 areq
:(anjva-d puv aui003no 1yova 1of sjmsaL ayj uvaN 241SVaUL JUI0INO) JuaugvaL] uoyvndogq adAx L Jwuinof haguno)
apraoad “gsa1f sauiodjno uipul 3siy) NSy /4va g JAouiny
21008 uSsap Aipnis
yuig puv
sumoc]

(QEANILNOD) | 414V,

1518



(panurjuod)

‘suonpuny [edrdojoypAsd ur ay1p jJou prp
sdnox8qns ay, “pooyympe ur Lmlur Yy pauresns pey oym sjuared
ueyy suopduny [edsAyd ur sdueuriojrad 1ey3aq passardxa pooypmp ur
pamlur syuene ] ‘sdnox3qns omy 1a30 ayy yim paredurod uaym TONH

U0 Y31y paIods pue UOHRULIOJUT DHSIURUR JO SISed dy} Uo pajsnipe
[PM 219Mm [DG dtnerpad ypm asoy “parpnys sdnordqns samy ayp

3O “erdordered ajarduroour yym syuaned ueyy amor Apuedyruds TOVH
Ty pajewnsa syuaned ordardenay ayy (600> d) Lmiqedes Sunjiom
pantea A8y syuened pambur Aimau ayy, (00> d) Suraowr 1oy
soueyroduur 3s9Mm0] Ay paudisse [DG drgerpad ypim syuene ] 'sdnoidqns

10§ dmony

:¢ dnoxn -qeyar aynoe jo

Buruur3aq
ayp e sjuaned

pamfur Aimau:g dnoiny

“UOTjeUTUIEXd JO
awn ayj je synpe
d19M pue pooypIIyd
ut [DS e paurejsns

£/L4T 4/ s1eak
T'se (1DS o)
¢ dnoxn 9/6z 4/N
‘sreak ¢'gg (pamfur

syuaned DG jo
sdnoi8qns
sa1p ur (TO¥H)

Qomyy ayy ur ApuedyruSis parofIp (000 >d) Sunprom pue (z000'0>d) sisATeue :1 dnoioy "sdnoi8qns Amau) g dnoin 11/6z 3J17 jo Ayrenb
Buraour Jo suorsuswIp A Jo spySrom adueyrodur a8ersay 91008 21008 TOMH 921y} M sisATeue /N ‘steak ¢'1€1(1D8 Apmys pajepI-yeaYy jo pueUL] ‘8661
TO¥H ut sdnoxSqns [re Suoure (500> d) SdUSISJIIP JULdYIUSIS © ST 1YL, ‘soryder8owap juane arreuuonsanb TOYH ouerpad pey) 1 dnoin [euoneAISsqO uostreduo)) paoD uds “Te 39 ojsTuuey
suonouny [esr3ojomau
J0 K1aA00a1 9)a1dwod e Sunusadxd ,6g pue juswaAordur
Juedyu8is SUIMOYS o4, F/ UIM “I9)19q pnwr parey AJ[erousd
saumfur apapdwodur yym syusned searoym ‘quawasordur s ‘s1eak
pamoys saumn(ur p1od aja[dwod ym syusne ] (z000=4d) ueoyudis L1-G1 pue ‘$1-0L
Aqreonsieys sem sdnoid a3e juaragyip oy Suowre Amilur jesrojomau ‘6-0 :sdnoi3 age
ajarduwodur Afresr8ojorsAyd 919A9s IIM I9qUINU B} UT 2DUIJJIP 9911} OJUT PAPIAI] Am(ur reurds
YL (00 0>d) yueoyrudis Apeonsness sem sdnoid ade ay Suowre ‘paredurod pue UM pajerosse ‘suoIssTupe
VIOMIDS JO 9UIPIdUL U 9dUSIHIP YT, “(G00'0>d ) yuedyyusis WOdINO ‘JUdUI}EdT} Pa199[00 dIOM BIEp juanjed oerpad reydsoy epeue))
Aqreonsneys sem sdnoid a8e ayy Suowre weped Amfur ur sduaayIp ‘argoxd Amfur JUBAD[Y "PIMIIAI ‘s1eak 1 98e ueaw MITAJT $£1 JO ma1AdIL Ai1a8imsoinaN Jo 2661 “SOIAIN
AL (S00°0>d) a3e juened 0y Surprodde parrea Amfur jo A3o1one ayy ‘sonjderSourap jusneJ arom syreyd spuened  {(%FE) 65/(%99)STT /N aanpadsonay :Amlur feurds orerpa g wuanof pue Uoj[Tue]
‘seumex a[dnmu
a19A9s paureysns A[[esrdA} usrpmyp asay [, jsaxre Arojerrdsarorpred
pue pIod [ed1A10 Y31y A} 0} AMUT YIIM PIJRI0Sse Sem Pue UIP[IyD
1yS1e AJuo ur yjeap Jo asned ay aq 0} punoy sem DS ‘(s[qerearun
‘2100 wmuurxew) Amfur 9 spern) a[edg Amluy pajerasiqqy
ue pey woym Jo ¢ ‘Asdojne ajordwod e jusmiapun syusryed Am(ur reurds yym
AJamy L, -auRds JUAPIL AU e PaIP (%68) FS ‘USIPIIP 19 A JO 15T “pareduwod pue pejerosse juaned
sem Ajipeyow Lfur reurds jmpe oy ouerpad jo oner sy, “parpnis awono [SSIRCT(SRIENCYREE) ouerpad ur yyeap ‘syjeap epeue))
dnoi8 pamlur-piod feurds ougerpad [e303 8y jo 9,6 pue uoremdod “apyoxd Amfur JUBAS[AY "PIMIIADI opewnen ‘g1 a8e MaIADT 19 JO Ma1AL AiadinsoinaN Jo 2661 “SIIAIN
pam(ur-aurds ornerpad [e303 ayj jo 9,87 pajussardar dnoid sy ‘soryder8owap juane Q1M SHBYD SJUdne ] a8e1aae ‘97/6¢ 4/IN aandadsonay :Amfur feurds orerpag ouinof pue uoj[ruer]
“Apandadsat “o,p6 PUe “9%L6 ‘%E6
QI9M SINIATISUDS AU} ‘s1eak @< sjuarjed U "AJATISUDS 9, 1§ PEY SMIIA
UOTSUD)Xd-UOIXa[] pue wii-ure[d uoneurquiod searoym
‘o, %6 JO Aj1anisuss e pey uedss 1) ¢D-indooo /wy-urerd uoneurquiod sarpnys
pue 9,6/ sem Ayanisuds wg-urerd ‘s1eak > ULIP[IP 104 snyderdorper
-7D-Mdooo woxy SurLmod0 saLmur Jo 9,67 YIm ‘(%001 ‘ANARISUSS) [euonIppe woiy
syuanjed pamfur [Te pagnuepr ey Apnyg uonezimn AydeiSorpey proik onsougerp pareduwod
-X AouaSrowuy [euoneN ‘s1eak §< uRIp[I QST Ul “zD-nddo woiy pue sydeidorpex pue pajos[od
Surrmodo saumfut Jo 9,9/ Yim ‘(9% F6 ‘AIATISULS) soLmlur om) passmux urerd jo Ajrapisuag QIOM EBJEp JURAIRY
eryo Apmyg uongezu Ayderdorpey-x AousSoury feuoneN ‘s1eak g -Amfur jo uoryesoy “(satx0393ed /06
uey 18unok USIp F¢ Ul “papnixa arem Ajeurtouqe dryderdorper pue ‘uonda3ep jo ‘G06°LF8'6£8°908°S08 -Amfur VSN ‘8002
NOYIIM SjuRTIR ] SpI0dar A3ojorper ajenbape pey /g1 ‘@sauy sueawr oryderdorper ND-6-(1DI) Pamaraax Amfur reurds reorazed MITASI autds [edrAId ‘ISWUIeE|
JO ‘sp10da1 [edrpaw yenbape pue ssrmlur ann pey 06T ‘siuened ez JO “s@urpury resrsAy arom syreyd syuene] ‘sik gT-g a8e /g1 ‘sik §>¢¢ aampadsonay  orerpad jo uonpae(y faa8insoinaN pue uojren)
-uogemdod
-uonemdod [DHg oerpad sy ur uounuooun jmsur piod Teurds paredwod pue Jmsur pxoo [eurds suerpad 1040959y
st uorjed1yisso d1dojoIajay] dMULS0INAU Jey) MIIAST SINJRISI] ym suarjed jo [SSIRCI(SRIENCYREE) ‘s1eak g'g 98e SaLIas AU} Ur UOTedYISSO paiay vsn
AU} WOIJ pue SILISS SIY} WO IPN[OU0d soyne ayj ‘Apuanbasuoy sonsuLpeIeYd OH JUBAS[AY "PIMIIADI a8erane ¢/21 /N 9SED {MIIADI ordojosajay pue S sopavdoy1i0 8861 Te 12
‘spuaned ZGT U 94,¢°¢ Sem uonedtyIsso o1dojo1siay druaS0mau Jo aduIpUL ‘sorqderBowsp syuane Q1M SHBYD SJUdTe ] “ OH padofaasp g1 aandadsonay synsut piod reurdg Jeale) pueren)
‘porewnso azom juaned 1od 0z'z$ Jo s3utaes ‘spaq [eydsoy pue ‘spaq
JIUN 318D SAISURUT ‘Al 10§ saSreyp Suniope (9010 =d) dnoid jooojord
-3s0d aup ur sAep ¢'G1 03 dnoid jooojord-axd ayy ur shep 1z woxy (RIA) dnox8
paseanap Aeys [epdsoy a8erane ayy, (zg10=d) dnoid jodojord-3sod [020301d-3s0d saum(ur
Ay} ut sfep ¢z 0y dnoid jodojord-a1d ayy ur sep 7’6 WOy paseardsp (TN InoYIm) surds edraTed
Aeys jum ared aatsuain aderaae ayJ, (¢000=4) dnoxd jooojord-sod dnoi8 jooojoxd-axd F1/4€ A/IN 9e
ayp ur sAep z'¢ 03 dnoid [odojord-axd auyy ur sAep 1°G w01y paseardop AouaniFa-3500 ‘sdnoid omy ueawr g/ :dnoxd
ouerea)d durds [edIAISD 0} SUIL], “UOISSIUIPE WOy SAep G Jo aderAe “10d0301d -jsod ur pajeredas pue 1000301d-3s0d ‘9duered)d aurds
ue je pauiojrad aem sRIA ¢ ‘dnoid jooojoxdisod ayy ut “uorssTIpE pue -a1d swodmo Pa199[00 d1OM BIEp 91/6¢ A/ TedIAT®D
1oye sAep g9 Jo aderoae ue je YN Juemmpun sjusned g1 ‘dnoxd ‘Amlur jo swstueydaur JURAJIY "PIMIIADI ‘o8e ueow 7'/ MITAJI omjerpad ur VSN‘200T
T000301da1d a1y Uy “erIeyLD UoTSNPUT Ay 39w dnoid yoes ur sjusned auo-AyLy 0T ‘sonjderSourap jusneJ QIoM SR SjUdne ] : dnoi8 jooojoxdarg sandadsonay TN Jo Adeomgo ay L auidg “Te 39 uery
(anpva-d puv aui00jno 1ova 1of sjmsal ayj uvaN 24NSVauL UL JUIUIVIL], uorgyndog adh L wuinof Aguno)
aprao4d “3s1yf saui00jno uwL §siy) SjNsaY JAva §JA01iny
21008 ugisap Apnys
g puv
sumoc]

(QINNILNOD)) ‘T I14V],

1519



(panuuoo)

“uonedosIp [e3dooo-ojuepe Yitm asoyy ur (9,8%) 1s9ySiy sem ajer
AyrreyropN “Amfur surds omor yim (9,F) ueIpyd 11 yym paredurod
parp Amfur surds zaddn ym (9,£7) USIPTIYD USASR-pUE-paIpUNy
-uQ 1S A19[dwodur ue pey 9,9/ Sururewa ayy pue ‘(DG a3a[duwod e
pey (%¥F7) uwIpmyd moj-ApurN Amfur Auoq jo sduspras onyderdorper
ou pey asay Jo Jrey pue ‘Amfur fesrdojomau pey dnoxd Aprys ayy ur
USIP[IYO JO pary} auQ *(§< 98k “0,6g) UaIp[Iyd 1[0 ur pajeunuopard
saum(ur aurds 1omof seazaym ‘(g< ade ‘0,86 ‘@5 ade ‘o,zf) sdnoid
a8e [[e Suowre juaesard arem saumfur surds [esrared raddn Amfur
JO S[aAd] paymwadsun pastduwod o,c1 Sururewar sy, “A[panoadsar ‘o,
pue ‘9,87 ‘947G Sem 30q 10 ‘aurds [ed1A19d 1omof ‘aurds [esra1ad saddn
Suowre Am(ur Luoq jo uonynguysiq “Amfur surds Luoq pey (4,¢8)
URIP[IY Y818 -pure-parpuny-auiN (100°0>d) aurds 1emof ay ur ueyy
1addn ayy ur uowrod 10w SaWT} JAY 1M SUOTEdO[SI] “(100°0>d)

‘JoYap [ed1S0[0Imnau
jo aduesaxd pue
‘Amfur aurds eorarad
Jo [9a9] “Amfur

‘paredwod pue
Pa30[[0d d1OM
elep JURAdRY

Amfur surds

"35LaSIP

aurds [ed1AI9D T9MO] A} JO SO} UkL]} UOWIOD dI0Ur d1oM durds Auoq jo dudsqe 10 "PIMIIADI BIOM [SD) 0] [EDIATID UM UDIP[IYD oy Sururep hia8ing
1oddn ayy Jo samoer] "9,¢'] DUIPUI [[e1A0 ‘Amfur surds [esrazed aouasaxd ‘Aypeyroux 9apod -(IDI ue ‘sKoq a1oMm 9,19 MITAIX :saum(ur surds oLuIpa Jo VSN ‘1007
UHM PIayHULPT 219M g6()'T “USIP[IYD pamn(ur ¢/1°G/ JO dseqejep e woxf 0'sT ‘soryder8owap syusneq UM SpI0daI Ssjudne]  ‘s1edk ¢ -/ + 11 98e ueay aandadsonay [eD1AID DLRIPA] Juinof “Te 19 [Pred
-Kynuzogep Teurds
opeumen-jsod jo juawdopadp ayy 1ojruow 0} dn-moroy ury-Suoy
“3SO[D DALY JSNUW [DG AIDAIS YHIM USIP[IYD “A[[UL] }[NSUI [ed130[0mau
TenIuI 9 Jo AJLI0Aas o) Yim poajeprod Arewrtid st sisouSor
-Aderoyy aaneradouou ypm padeuewr AJnysseoons aq ued saumur
JSOJAl "SJUSDSI[OPE Pue USIP[IYD Juadsajope-a1d usamiaq oyrp suraped
Amfur reurds jeyy apnpuod ap “KAnurogep [eurds spewnern-jsod
padojaasp DG 219A3S YIIM USIP[IYD U} JO 9] “dWOdINO [edI80[0mau
uo Burreaq ou pey juswaeuew aanedouou snsioa [edrding ‘s1eak 91—¢ pue
‘uorouny [edr30[0MNaAU [EULIOU A[IEdU 10 [EULIOU PAIIA0DAI Satnfur 80 :sdnoi3 a3e
9)eIOPOU 0} PIIW YIM UDIP[IYD UonounysAp [ed180[0Imau 21949 Amfur 0M] OJUT PIPIAI(]
ym paurewar Ajuojiun AyyedopAur ajprduroour a1949s 10 ajardurod reor3ojomau ‘paredurod pue saumfur
s waIpmyD) “Amlfur esrdojomau renur oy} jo AJL9Ads ‘Amfur jo adAy Pa1O9[0d d1OM BIEp reurds orerpad Am(ur uumjod VSN‘T66T
oy uodn juapuadap sem aurodNo [ed130[0MaN] 98k UM patIeA ‘Amfur jo asned JURAI[RY "PIMIIADI ‘s1eak 7701 98e MIIARI [eIgalIaA pue ‘SIZOURIN
Amlur reor3ojomau jo Ajueads pue ‘Amfur jo ad£) ‘vonngrusip ‘asned ay L, Q'er ‘sonyderSousp juaneg QIOM SMELD SJULLE ] ueaw {69/01T /N aampadsonay  pIod [eurds dmeIpaJ A1a8insoinaN pue yoequasQ
"Jeas 1o8uassed JUOIJ S,9[MAA 9} UI PIUTLNSIIUN
10 ‘paurensar Airadordur ‘paurensar SurPALIL) USIP[IYD 0P[O UT surpury
paLmdd0 eumen aurds [ed1A190 pue [erueD yjoq pue ‘sjeas Ajajes BurSeun
Py Sumey-Tear ur SureAes SWIIA Juejul ul pajeuropaid [msys auy paredwod pue sjuowkordop pue suzeyed
0} Anfur ysniy) "uorsI[od Jo awn Jyy Je pasn jurensar jo ad4y pue aSe Apmys Surdeur Pa1O9[00 d1OM Bjep Seq-1re aagowone Amfur :uarpyny ur AZojorpvioinaN vsn
S, Py ayy 03 Surpiodoe pazeyIp sureped Amfuy ~Amlur reordojomau pue Asdojne JURAI[DY "PIMIIADI woiy ewmnery saumfur snowes pue Jo ppuanof Q66T “Te 12
JO J[NS3I JD3IIP AU} SeM 3sed AI9Ad Ul A Ur SNOLISS 10 )eap JO asned ], 0Tt ‘soryder8owsp syusneg M surey sjuene]  ouerpad ‘uondunsap oN SaLIBS a5 SYjeap paje[ar-Seq ary uvaLauy YN[V TreysIey
“uonejIqeyRI
juanedur parmbax (%399) €z1 pue ‘parp (%41°T) om3 ‘eydsoy
IJOUE 0} paLIdjsueI) 1M (%,9°T) 321y} ‘feyrdsoy sy woxy pagreydsip
Arenyuans arom (9,8°0¢) siuaned uaaas-Ayyrg *(shep 99 ueawr) skep
¢p1 01 1 wouy paduer Aeys [eyidsoy jo uoneInp Sy "UOHLZI[IGR)S 10
uorssaxdwodap [eurds 10§ pauriojad
a1am sampadoid sa1yy pue ‘[Dg paureisns pey sjusred om
‘JuNys [eaU0)LIDAOMOLIIUSA B JO UOTISSUIL U} MO[[E 0} JUO pue ‘urerp
IR[NDLIUSA [EUI)XD Uk Jo Juaurade[d mofre 03 auo “rojruowr amssard readsopy
eruesdenur ue jo juswadeid mofe 0} sampadord omy ‘samnjoery S,URIp[IYD)
Ppassardap jo uonEAS[d 10§ SATWOIOTURID JAT ‘dFeuUreIp ewojeway SmMoT 15 e
10§ SaTw0jOTURI XIS :pawIofrad arom sampadord [esrdmsomau jo uaLIRdX
sad4} GT jo [e303 v eamydexy reurds jo 1T pue dSeYIIOWDY [elURIRIUL k-1 ©
JO $3SED ¢ ATOM Y], *($3sed ()g) Amfur peay pasop pue (sased /) :SjUapIe
SIMjoeIj [[NYS PIPNIUT SILM[UT UOUIWOD JSOW Y, STedA /] 0} T WOIj paredwod pue SJUapIOdE PajeRI-A LY ALV Bm
paduer sade asoym sjusned seway (g pue S[ew ¢f a19M J1ay) ‘samiur saumur P31II[[0D dIOM eJep Burafoaur sased pajeosse satmfur vsn
Teor8ofomoau pey (%,6'¢g) stusned omy-A1xig (¢00'0=d) sroSuassed eor3ofomau JURAI[DY "PIMIIADI omerpad A ¢g1 98e MITADX [eor3msomoau haa8imsoinapN fo 9007 “Te 1@
pue (00'0=d) SIBALIP 10J pajeno[ed sem AIfur GND JO ¥ [[e19A0 YL, 0% ‘songderSowap juane g QI9M S)IRLD SUBTIE] ueIpaw ‘GG /0¢T 4/IN aandadsonay JLeIpaJ puinof oueguen
*SaInjedy
‘paredurod [edrurp pue
sSurpury pue pajoa[[od [eorSojorwapida
eor3ojorpex SI9M BJEp JURAS[SY :uonemndod
“SUOISI[[0D S[NDIYDA IOJOW JIdM SISED U} JO 9,99 pue [esrurp "PIMIIADI DIOM 1DS ‘steak G1-1 sugerpad e ur vsn
JSOWY “Saewr a1aMm st Jsajeaid je uonemdod [erouad ayy ur usIpyD ‘Asdone ‘Am(ur yo 1SD 10§ apod 8-(1DI pade ‘safews ur MIIAIL SUOISa| 0861 Te 12
“1DS yim suosiad 619 JO [10} 3Y) JO 94,16 Judsaidar sased aduspour Ay, 011 WISTUBYDIW ‘DDUSPIDU]  UB 1M SPIOdI SJUSje ] 19yS1y aduspIOU] aandadsonay piod-eurds ooy n8ajdvivg TURWIRI[EMIY]
:(anjva-d puv 0230 yova 1of sjmsat ayj uvaN 24msvaul au00Jn0) JuaVaL] uoyvndoq adA] L Jpuinof faguno)
ap10oad “gsa1f saui023mo uiwuL 3siy) NS /43 §Jdouiny
24008 uSsap Apnis
g puv
sumoc]

(QEANILNOD) | 414V

1520



‘Juaurasoxdur [edrdojormau
UM PAJEIDOSSE 9q 0} punoyj Jou a1om (9¢°0=d ) ad4) amjoey remonred

‘1DS dujerpad
drjewNeI) dI9AdS

pue ‘(950 =d) saumfur [edsrazed-uou (1g"0=d) uonensunupe A19A0091 pareduod pue OYp Gurmoroy
auofostupaxd (AN “(£0°0=d) uonejussard je uonouny Teor3ofomau P129[[00 dIOM BIEp Teor3o[omau yym SOLIdS JuowaAoxduur
reor3ofomau awos pue (0’ 0=4) VIOMIDS ‘(F00=d) a8e 8unok ‘suroped Amfur JURAJIY "PIMIIADI 106 ‘steak £ a3e 3SED {MIIAIIL Teor8ojomau vsn
d1oM JuawPA0IdUIT [E2130[0IMaU YIIM PIJRID0SSE 3 0} PUNOJ SI010e] el ‘soryderBowap jueneg Q1M SR SpURTE] ueaw §/9¢ 4/ aandadsonay Jo sayer Y3t auids 00z Te 10 Suepm
saumfur
‘s1eak 91— pue 60 UWN(od [eIgalaA
(0°0>d) Amfur resr8ojomau :sdnoid a8e omy ojur pue piod [eurds jo
J0 2d£y oy Aq payoayge Apueurwopaid aq 0} punoy sem aWodNO safIeUIoUqe popral “paredurod sarmfur Teurds sased
AU} ‘SJUSDSI[OPE PUE USIP[ID Udamidq pasapp suroped Amlur feurds onydexSorper ‘Amfur pue pajoa[[od omerpad ‘s1eak $1T 78 JO MaIAaI B
ay} ySnoyyry “Amfur resrdojomau jo adULpIAS peY (%/F) 6€ Seataym eor3ofomau “‘Amfur jo 9I9M BJEp JURAIRY a8e uerpawr :dnoi8 vuinof
“VIOMIDS PeY (%E]) USIP[IYD USAJ[H “94,9°¢ Sem ajer Ajijejrowr [PA9] “Amlur jo asned ‘PIMIIADI dIOM A ‘steak g1 a8e MIIASI a8e oujerpad auds Aymy, 9661
[exaa0 ay pue Amfur ajapdwod pey syusned ayy Jo 9,81 “SaLIdS MO U] SFI ‘soryderSowap juane SRy Sjudne ] ueIpaw N ‘£7/SS A/ aandadsoney  ayy ur saumnfur [eurdg uvadoang “Te 32 Sy,
TN dn-mofoy poaredwod pue
uo pajensuowap sem eiseqAierd wWLIBIUT ‘DUO[E UOTIRZI[IOWWIT Pa193[[0D dIoM
JUSMIBPUN OYM SITJI[EUWLIOU(R SUBIGUIdW [LLI0)09) M sjuarjed up (ewnexn Sururejsns uor8a1 7D)-20 a3 jo
-Kyyads 9,001 pue AJ1ARISULS 9,/8 UM ‘DI UO SanI[eusiouqe uonjedyIsserd Amfur 1258 IN) e1ep sanIjeuLIouqe SaLIdS “ua1pyryo SunoA ur
QUBIQUISW [B1I0}03) JO SAIPIPaId SeM G'ZZ JO BLIDILD 0Nkl ¢—7D:7 ‘uorjenyeas [edr3oforper JURAS[AY "POMIIADL pajepI-ewner) 9SED {MIIAII Amfur rerxeojuepye Ria8imsoinaN fo vsn
—1D snourdszayur [paou e jey} pajeasar syderdorper ured jo sisAfeuy 021 ‘sonjderBouwnp juaneJ AIoM S)IRYD SIULTE ] $6°0-/ +G°¢ 98e ueaN aampadsonay  -031doo0 jo wmnipadg ouanof 0007 Te 12 ung
-anfea aandrpard Yp -durds
aAey TN Aq pauruwialep se surayjed pIod ayy asnedaq pue sjuswedi paredwod pue reor3ofomau e yym TequIN[OdRIO}
pue sauoq 0} Amlur Ajssep Apjemooe ued 31 asnedaq syuarjed asa Pa129[100 d19M (Amfu Jo pajerdosse saumlur suerpad
ur 2210y jo Aypepowr Surdewr ayy ST RIA 1B} IPN[OUOD dM ‘SISHUD SWIONO YFg UIim RIIA) erep TequimjodeIoy} SoLI9S Ay} 03 saumfur sotpadoi1i0
eumer) T [9A9] 991} WOL S)OYIP [edIS0[0IMAU YIIM PIJLIDOSSe ‘uostredwod Surdewr JURAJ[IY "PIMIIADI omerpad ‘sreak GT-8 3SED {MIIAIIL Suneneas LuIpa Jo VSN! 100T
samyoery requnjodeioy) duerpad g1 Surmaraar Apandadsonar Ry 0F1 ‘soryderBowap jueneg Q1M SR SpURTE] S8uer ade £ /¢1 /N aandadsonay ur RIA JO s Jwuinof “Te 32 a8pals
[TP1°T€ 8661 PON
Suowg
“ured >pau 10 ydau Ay} Jo uonouw Jo sduer pajrl ‘pareduwod 199] 6> Jo uuy ur sreadde
PeY USIP[IYD Sy} [[V "D JO 2mMideIj e pey UsIp[iyd OM], Injdery pue pajod[[od sem ejep 11eJ & 1995e DS umjersd] spySay
projuopo ue pey osfe dnoid 1aje[ s} Ul USIPM Y3 JO AUQ 7D JueAS[Y [eJIAIDD IO dInjdery MO[ WoIJ S[[ey
—1D JO UoTeXN[qNS PeY 21} pue ‘1D JO UoHeXN[qns A1ejol pey saIy], ‘PIMIIADI dIOM [©1QO}I9A [DTATD SaLIas ur paurejsns Lmfur UINPIAN vsn
‘SIUOW g9 0} 6 Woxy a8e ur paduer USIP[IYD IS, 199 G>JO [[e] saumfur jJo swsiueydawW 18D 10§ 3pod 6-(1D1 ‘sypuowt /i 9SED {MIIADI auids RouaSiawy Jo 6617Te 1
e 1aye Amfur surds [ed1AI9D PaUTRISNS OYM USIP[IYD JYSI® Payjuapt I 0L ‘sonqderSowap sjusnye g U )M PIODDI SJUdLe ] a8e ueaw 1// 1/IN aandadsonay [©DIAID DLIJRIPA ] sppuuy Z)IeMURG
-uonendod 1d9fas sty ur
douerea aurds [ed1arad 10y Suniojruowr JHSS Jo Aded1yye Ay} duruLIL}Pp
0} paxmbar axe sarpnys aandadsord seypmy “Sunroyuowr J4SS
pue £dodso1onyj Iopun UOISUIXd-UOIX3[] UM A[9Jes auop aq ued ‘Apmys jorid v
syuanjed ewmer ouyerpad asojewod 10 papuniqo ur aurds [edrared 1DS payadsns ‘syuaryed sjuanjed ewmerny
Ay} jo uonenyeaq “sisaredruay renprsar pey sjuaned aarg “Amifur Suroyuowr J455 pamfur oujerpad asojewod
Gurmoys auo ATuo ym DA ue pey syusned somy], ‘safueyd JgSS awodINo ym aurds [esrazed -urerq A[I9A9s Jo 10 papunjqo ur vsn
pey 2A1 pue aurds [EI1A19D U} JO UOISUSIXI-UOIXI[J UO JUSWDAOW “Gurrojruouwr J4ss 3} JO SIPANSUERW %1F ‘1294 9°G a3e uonen[ead Aia8imsoinaN ‘6661 “Te 1@
pey sjuaned om ], -0d0jo1d st yim pajenes arom sjusned usayLy el ‘soryder8owap syueneg UOISU}X3-UOTXI[] ueaw 9/ 11 4/IN Teyusuradxy aurds edra1a) onygvipag MOILTEDS
“(s3s®d £ ‘9%€1) 01-L Aq PIMO[[0] (S3sBD G ‘% /)
7-D sem Amfur Teurds jo [2ad] juenbaiy jsowr sy, "WIOMIDS WM
IS0} JO 9,0F Ul pue [DS duijerpad dnewmen e Jo 9G] UT Usds Sem
Amlur resr8ojomau aja1dwo)) "Amfur [esrdojomau jo aduaprad pey
(%£8) £T SeIUM “VIOMIDS PRY (%€ 1) USIPIY U, *(%07) Sormlut
Ppaje[aI-a[Iqowoine Aq pamoyoy (%g¢) I0J0ej SANLSNED UOWWOD
1SOW Y} 3I9M S[[e] JeU} Ul SLIN(UT Jnpe JO Jey) Woij paIafjip saumiur s1eak Z1-¥
sugerpad ayy jo A801ona Ay (6910°0=d) dnoid 1eak ¢— ayy ur ueyy ¢—( :sdnoi8 age
dnoi8 1eak g1— ur Jusnbaiy axow s YYOMIDS USIPIIYD plo-1eak-7 [ 0M] OJUT PapIAI(]
03 -f 03 paredwiod (60°0=d) UoUNqLISIp Xos pue (95000 =4) An[qers “paredwod pue
[ea18:ms 105 yuswaimbar (g0 0=4d) Amfur jo [9A9] ur 2dUIIP sanjesy orydesSorpex P93O9[[0D d19M Ejep
Juedyruds e pey uaIp[ryd Sunok A1oa asay, ‘padrowe s1eak ¢s pade ‘snjeys [edrdojoimnau JURAS[DY "PIMIIADL 1DS ‘s1eak g9 a3e MITADT ‘Bunof A1aa ayy AiaginsoinaN Jo VSN ‘8861
uaIp(yp Jo uonendodgns e ‘ejep ayj jo uoneurwexo [ednsnels uodn ger ‘sonyderSownap sjuaneJ QIoM S)HIeYD Ssjudnje ] ageraae ‘0z / /7 /N aampadsonay :Amlur feurds oterpa g Jouinof “Te 30 a8y
“PAIUSWINDOP USdq dALY SaLmur p1od
JuamdaI ou ‘jodo301d mau sty YA ouerduwod juened uo siseydur
Jolewr e ypm 1013803 “sp0ds 10RJUOD-UOU PUR J0RIU0D YJ0q JO UONOLISIT
PUB SUUOW ¢ 10§ 9deIq [edIATRD PISL B UT UOHEZIIGOWI 09U SUTUIquIod
T000301d JuaBurns a1ow e yPIM paSeurr ULAq ALY USIPI [EUOHIPPE
Z1 ‘Syuout Tg ise] Ay} Sum(] “eumen JUedHTUSISUI SSTMISUIO WOIJ U}
‘IDS JUSLINIAI 0} J[EISUMA USIP[ILD 3saY} apewr A[qewmsard sanssn
130s TeigayeAeIed pue [eigeyea oy 0} Amfur fenmur ayy woy Sunmsar paredwod pue
Amqeysur reurds jmodo AresnyderSorpey] ‘sananoe [eurIou paumsar awono Pa1O3[[00 dI9M BIep yuaned VIOMIDS SaLIas vsn
Apprder oym pue Kmfur p1od [enur tre woiy SjpYSp [eI30[0maU JusIsues VIOMIDS JUSLmdax JUBAS[AY "PIMITASI 41T N9 ‘sTeak H1 9SED {MIIADI “USIP[IYD Ut Aia8imsoinaN fo ‘9861 TE 10
IO PIIUI PAUTRISNS OYM ISOL} a1om Amlur-a1 03 9[qdadsns jsour usIpip ay], g'er ‘sonqderBowsp sjuane QIM SR SJURTIE ] 0} ¢'T woxy pady aandadsonay  WIOMIDS SOy wuinof Soe[[oq
s(anppa-d puv aw00jno 1yova 1of symsal g uvapN 2UNSVaUL AU JuaLUIVAL], uorgvndog adA] AL ouinof Ayguno)
apraoad “jsif Saui023no L Jsiy) SjMsay /4va g Joumy
21008 udisap Aipns
Puid puv
sumoc]

(AENNILNOD) T 14V,

1521



1522

Case reports of <10 patients were excluded. The abstracts
were then read by title and relevant abstracts were reviewed.
Full-length articles of interest were then obtained. All articles
were then reviewed according to the method of Downs and
Black (1998) by two independent reviewers. A total of 48 ar-
ticles were kept at the end of this process and reviewed, and
an evidentiary table was prepared (Table 1). A modified
Delphi approach was used in which the questions were
submitted to a panel of experts. After careful review of the
resulting evidence in the form of evidentiary tables, a rec-
ommendation was submitted to a panel of experts and
agreement among the panel members was noted. The mem-
bers of the panel could modify the recommendations until a
consensus was obtained.

The recommendation that emerged from this process is as
follows:

Pediatric patients with traumatic SCI have different mecha-
nisms of injury and have a better neurological recovery po-
tential than adults. Patients with SCI before their adolescent
growth spurt have a high likelihood of developing scoliosis.
Because of these differences, traumatic SCI should be highly
suspected in the presence of abnormal neck or neurological
examination, a high-risk mechanism of injury, or a distracting
injury, even in the absence of anomaly on plain radiographs.

Data Compilation

The following data were compiled in an evidentiary table:
study design, population, treatment or therapeutic measure,
outcome measure, study purpose, and key results. The evi-
dentiary table was then used to answer the three study
questions.

Results

What is the epidemiology of pediatric
spinal cord injury fractures?

A total of five retrospective studies were used to answer this
question. Pediatric SCI is relatively rare. In a large retrospec-
tive study of the National Pediatric Trauma Registry overa 10-
year period, the overall incidence of cervical spine injuries was
1.5% (Patel et al., 2001) In another study, 88 pediatric patients
were identified based on the analysis of a database of 1,770
traumatic SCI patients (5%) (Apple et al., 1995). The level of
injury differed based on the age category, with C2 lesions oc-
curring in the pre-teen groups, C4 lesions occurring in the teen
group, and C4-C5 lesions occurring in the adult group (Apple
et al., 1995). In this series, violent etiologies (especially gun-
shots) accounted for a significant proportion of the pre-teen
injuries (19%) compared to adults (12%).

Regarding the mechanism of injury, there appeared to be
two distinct mechanisms that affected younger children and
adolescents. Motor vehicle accidents (MVA) usually affected
younger children whereas adolescents were commonly in-
jured during sporting activities (Brown et al., 2001). In a ret-
rospective study of 103 consecutive cervical spine injuries
treated in a single level 1 pediatric trauma center, MVA ac-
counted for 52% of injuries followed by sports injuries (27%)
of which 29% were associated with football (Brown et al.,
2001) The level of injury was C1 to C4 for 68% of patients, C5
to C7 for 25%, and both in 7%. The mortality rate in this series
was 18.5%, occurred in younger children (mean age 5 years),
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was commonly the result of an MVA (95%) and was most
often associated with an upper cervical spine injury (74%).
Spinal cord injury without radiological anomaly (SCIWORA)
accounted for 43% of injuries. In another study using the
National Pediatric Trauma Registry, (Patel et al., 2001) 17% of
patients with cervical spine trauma did not show any radio-
logical anomaly, although 50% of patients with SCI show no
radiological anomaly.

Most studies report a large predominance of males com-
pared to females (Apple et al., 1995; Bosch et al., 2002; Brown
et al., 2001; Carreon et al., 2004; Cirak et al., 2004; Dickman
etal., 1991; Wang et al., 2004). All-terrain vehicles (ATVs) are
also responsible for a higher injury rate in children than in
adults. In a retrospective study of 268 children involved in
ATVs accidents, the injury rate per 100 registered ATVs was
significantly higher for children (3.41) compared to adults
(1.71)(Cvijanovich et al., 2001).

Are there unique features of pediatric SCI,
which distinguish the pediatric SCI population
from the adult SCI population?

Neurological recovery. Neurological recovery in children
with SCI is thought to be better than in the adult population.
Several studies have shown good neurological recovery fol-
lowing SCI, with incomplete lesions having the best prognosis
(Dickman et al.,1991), although severe complete injuries can
also improve over time. In a retrospective review of 30 pa-
tients with SCI, Wang and associates (2004) evaluated the
neurological injury based on the level of neurological in-
volvement at time of injury. Of the 20 patients with complete
injury, 7 died, 7 had no neurological recovery, and 6 im-
proved. Five of these patients eventually gained enough
function to become ambulatory. In the subgroup of patients
with incomplete lesions (10 patients), 8 patients had neuro-
logical improvement. Cervical dislocation had a poor prog-
nosis for neurological recovery (Wang et al., 2004) There are
no studies comparing adults and children in terms of recovery
and it is therefore difficult to clearly establish if neurological
recovery is significantly better in children. The evidence is
therefore very slight that neurological recovery is better in the
pediatric population.

Scoliosis development. Scoliosis following SCI in chil-
dren is a common entity especially when the neurological
insult occurs at a young age. Apple and associates (1995)
showed that scoliosis developed more frequently (23%) in
pre-teens (<12 years of age) than in adults (5%). In a retro-
spective study of 130 children who had sustained SCI be-
tween birth and the age of 21 years, Dearolf and associates
(1990) showed that 97% of patients injured before the growth
spurt developed scoliosis compared to 52% when the injury
occurred after the growth spurt.

SCIWORA. SCIWORA remains a recognized entity in the
pediatric population although the SCI is usually diagnosed
with the use of MRI. In a retrospective study of all children
with traumatic spinal injury in a level 1 pediatric center, the
incidence of SCIWORA was 6%.(Cirak et al., 2004) In a study
by Dare and associates (2002), MRI performed in 17 patients
with partial injuries failed to show any neural abnormalities
even when performed >72 hours after injury in patients with
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motor involvement. A high index of suspicion for SCIWORA
is important when evaluating patients with sports injuries or
or who have been abused, as evidenced by a study by Brown
and associates (2001). In this series, 75% of pediatric SCI pa-
tients with sports injuries and all patients suffering from child
abuse had SCIWORA. The physical examination remains an
important component of the diagnostic process, as midline
cervical tenderness is the most common physical finding in
children with cervical spine injury even in the absence of ra-
diological abnormality (Baker et al., 1999).

Is there evidence to support the use of neuroprotective
approaches, including hypothermia and steroids,
in the treatment of pediatric SCI?

After a careful review of the available literature, there is no
evidence regarding the use of neuroprotective approaches for
the treatment of SCI in children.

Discussion

The epidemiological features of pediatric SCI show that
these injuries are relatively uncommon and that the mecha-
nism of injury is different depending upon the age at time of
injury and compared to the adult population. Neurological
recovery appears to be better than in adults (Wang et al.,
2004), although large series of cases are rare and no compar-
ative studies between adults and children have so far been
undertaken. The evidence is therefore very slight that neu-
rological recovery is better in the pediatric population.

The modified Delphi approach used in this review was
done in a stepwise fashion. First, three questions were for-
mulated by a panel of experts. These questions were used to
guide the literature review and orient the selection of papers.
After careful review of the evidence in the form of evidentiary
tables, a recommendation was submitted to a second panel of
experts and agreement among the panel members was noted.
The recommendation is:

Pediatric patients with traumatic SCI have different mecha-
nisms of injury and have a better neurological recovery po-
tential than adults. Patients with SCI before their adolescent
growth spurt have a high likelihood of developing scoliosis.
Because of these differences, traumatic SCI should be highly
suspected in the presence of abnormal neck or neurological
examination, a high-risk mechanism of injury, or a distracting
injury, even in the absence of radiological anomaly.

Complete agreement was reached among the expert panel
and this recommendation was deemed strong although the
evidence available was weak. SCI in the pediatric population
remains a catastrophic event and every attempt should be
made at decreasing the extent and severity of the injury as well
as the complications following the injury. Imaging techniques
have improved greatly over the past years making it possible
to identify lesions that were not easily distinguishable on plain
radiographs a few decades ago. The absence of radiological
anomaly does not preclude significant injury.

There was no evidence in the current literature review to
support the use of neuroprotective approaches including
steroids and hypothermia. The current evidence for steroid
use in adults is very weak. A systematic review of the animal
literature on the use of corticosteroids showed a positive
benefit in only 59% of the studies (Akhtar et al., 2009).
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Summary

Pediatric patients with SCI have very different character-
istics from their adult counterparts. Neurological recovery
seems to be better than in adults. However, patients with SCI
before their adolescent growth spurt are at higher risk of de-
veloping scoliosis. This systematic review provides the ele-
ments to support the proposed guidelines through a modified
Delphi approach. The proposed guidelines are meant to help
diminish the impact of SCI in the pediatric population.
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