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ABSTRACT 

Posl-poltomyellll-" -"yndlllllll' lPPS) 1-" a cllIlll-.i1 :-.yndllllllL' 01 Ill'\\ \\'caJ..lll' ......... fallgUl', 

anù pam in 1l1111\'lduab wlw havi.' PIL'VlOll:-.ly IL'C\lVCICd fWIll alull' p:\l.li~ III poltoillyl'illl:-' 

The pnmaty oh1ectlve or tlll-" -"tuùy \Va-" tu Idl'ntlly taclol-" Whldl pledll t :-'lIh-"l'lilll'lltI'PS 

Among patlclll-" wllh prtlll poll(\, l'a-"L'-" Wi.'ll' lhll-"l' \Vith nl'w \WaJ..lll'''':-' .Illd 1.lllgue. and 

controb were IIW-"L' \Vllhollt thl':-'l' complallll-" i\ ch.1I1 Il'\ Il'\\' III ,5, p.llll·nt. ... 1·\,.lllI.tlcd 

at the Montreal NCliluloglcal In-"IIIIIIL' pO .... I-PI)111l l'IllIll' Idelllllll'L1 1 ~7 l.I ... I· .... lIld ,1) 

control .... In lllllvallille andly:-.e:-., "lgllllllal1lll\J.. lallill" lOI PPS \Wll' .1 !!ll'.lll·1 lUlll'lIl .I)..!l· 

(odù" ralto 01 I.X pel ùecade, 9Y/; L'OIIIIÙi.'nCC Inlelval l, 10 2 (1), a Illllgl'l IlIlle .... IIll'l· 

aCUle pollo (oùù" lalHI 01 1.6 pCI decatlc, 9YIt cOlllldclIll' 1I1l1'1\,.li Il III ~ ,). III Il Il' 

wcaknes:-. al aC'le polIO (oùd:-. ratIo 1 5, 95 1/t l'Onlldrllll' III IL'l val 1 1 10 2 (Jj, a Il'n'nl 

wCIght gum (oùùs latHI lX, l)5 1/t i.'llnrHlence Illlel val 1 () III Il -1), Illll ... lll' p.llli \Vllh 

excrcise (oùds ratIO -' X, 9Ylt cOlllluence IIllelval 1.5 III 1) 5), IIlU"'LIl' p.llll (Ildlh 1:1(11) 2 ('. 

95(); confiuence Illlelval l, lo 5.5). and 101111 palll (odd .... l:Ilto 2. '. 1)')'/1 1I1111Idl'IlU' 

inlcrval 1.1 lo lo 5.3). The l11uHlvanalc analy .... l· .... lewaled litai il IlllldL'l LOlllallllll,!-! llll/l'nl 

age (outb ratio 1 7 per dccaue. 95 1
;" conlldellCl' mtelval 1.1 10 2 (l), Wl'aklll· ...... al aulll" 

pollo (ouds ratio 1.6, 9YIr conltd~nœ Illtel v.t! 1 1 10 2 5), 1II11"dc pail! \V 1 III (' Xl'I lI"'l' (odd .... 

ratio 4.9, 9Yh conlldencc IIllerval 1 (1 10 15.6), lecenl welghl galll (otld'. "lll() () '1. ()')IY" 

confidence 111 te 1 val 2.02 to 2().l), and 100nt palll (odd .... latHl 2 ,~, ())'It Ulllllt!t·lll.l· lIlll'lval 

O,X 107.1) wa" the l11os1 dlecllve III plL:dlctlng who would tkvL:lo)l PPS Age al al'lIle 

polio, uegree or recovcry alLel pollo. weakne .... :-. al hl· ... l p01II1 allL:1 polHl, pltY"'llal alllvlly, 

anù ~cx were nol contll huttng J aclm:-.. 



Il 

RESUME 

Le "ylldroll1L' po,l-pollo (SPp) c:-.l un ~yndlomc LllIllljUC dL' Il()Uvelle lalhk~..,c,latigue, 

el dOlJll'lIl Llll'I dl'.., llldlVldu ..... '~lalll rl'ml~ d'Ulle p()IJ()ll1y~lllL' palalyLJqul' algue Le hut 

pllllClpal du PIOll'1 (Il' 1 l'chl'I Chl' ~talt d'llIlbllllll'! dl'''' l,lI_teUI'" (Il' pr~dICII(l1l au SPP 

Jlar III 1 Il'''' palll'lIl.., ayalll L'li Ulle pollomyéllle anlélleull', le .... Ld.., dl' SPP onl dl' lhlH~l~ 

palllllll't1X pll~"'l'Illalll aVl'l dl'., .,»;!lpl{)lill'.., Je IlOlivclk 1,lIhle"c ellalJgul' el IC~ patJcnl~ 

1t-1Il0111.., palllll l l'UA Ill' j1lé"'l'lIlant l'''.''' CL',> .... yl11pl[lll1C.., llIlC ICVllC dc.'" dll~~ICIS de 353 

P<llll'/ll'" ~v.t111é.., ù la c1lIllqul' po:-.I-pollo dl' l'ln..,lIIul Ill'ulIlloglqUl' dl' MOlltréal IdentifIa 

127 l ~'I dl' SPI' l'I N pdlll'llh tt'IlHlIll.., LOI~ de~ aIlaly~l'~ Ù UIlIVaIlallle. IL':-. lacteur,,, de 

II~qUl' ~Iglllilcall'" pOlIl le SPI' :-..·av~ll\lcllt C'lIl' l'fige plu~ avancé (!lMllIL' Il'Ia!:f dl' 1 X par 

décl'/lllll', IlIll'l valk dl' cOlll rancc dl' l))'1r dl' 1.3 :1 2.6), la pél1(1de dL' lel1lp~ de['lIls la 

po!Jolllyt'IJtl' dlgUl' (11"'qUL' Il'Ialll dl' 1 6 par décclll11e, Inll'Ivalle de lOllrl~lI1Cl' dl' y)'!: de 

1.1 il 2.1), l'tlhlc.., . ..,l' plu ..... plonolKél' lOI.., dl' la pha~L' algue dl' la polmmyéhw (rIsque 

Il'l;ltll 1 5, mtl'I va 1 iL' dl' ~ ollilanll' de YSllr dl' 1 1 li 2 (J), g~Hl de pOld~ Il'cent (ni'>quc 

Il'IallJ dl' 1 ~:, J1IIL'lvalil' de lOIllldllCl' dl' 95'1r dl' J.(l ù l) --l), douleur musculaIre 

aCLlllllpagll.tlll rn .. L'llI~l' (1lMlue IL'lall' de 2.6, 1!1lervelllc de COlllHlIlLl' dl' L)5'1r dl' 1.5 à 

l) S), cl dllUlcul alllllllalll' (1lMllIe Il'Ialll dl' 2ll11tervalle de conllancc dl' l)YIr Ùl' 1 1 à 

5 ~). Ll'~ allaly~l'~ .'1 111111IlvaIIallL'l'~ ll'vèlc11l qu'un modèle compmé de l'âge actuel 

(11SqUl' Il'Ialll 1 7 P,I! dt-n'1I111l', IIllelvalil' dl' l'OnfmI1Cl' dl' l)YIr dl' 1 1 à 2.6), lalhle~se 

11lI~ dl' la pha~l' algul' dl' Id poiiomyéllle (IIMIUl' Ielaul dl' 1 6. Intervalle ùe conllance de 

95 1,1 dl' 1 1 dL' ~.()), doukui lI1u~L'llla1\e accompagnant l'exclC\~e (n~LJul' Iclauf de 4.9, 

1Il1L'I\alk dl' COnll<llll'l' dl' 9)1,) dl' J.() à 15.6), ga1l1 de pOltb lécenl (n~qul' Iclau!' de 6.5. 

IlIll'IValll' liL' l'onllallL'l' dl' l»)ih dL' 2.02 à 20 m), et douleur artIcula1\e (lI~lJue le!atif de 

~ ~'. IlIll'IV.tlll' dL' conilalll'l' dl' 9)1,; () X Ù 7.1) 1111~llt lc~ plu~ cllIcacc~ pour Pléu:re qUI 

ll1al1lll"'ll'ldll ll'~ MI111pI1l1l1L'~ du SPP L'üge à la pha~L' algue dL' la pollllmyélItl', degré 

dl' Il~L'lIl1l'laIIOll .Ipll' la poiiomyéllle, laJhlc~~l' à l'étape la plu~ lavorahlc ~lI1vanl la 

pllltoll1yëlIll'. aLllvlll' phy!>.lqUl' l'I ~CXl' Ill' JUll'llI pa~ dL'~ lacteur~ contnhuanl~. 
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OB.JECTIVE 

The pnmary ohJeellve 01 lhl~ ~ludy I~ lo Idenllly n!-.k factors for P()~t-p()h()mycliLis 

... yndrome ln palienl!-. who have reeovered lrom aeute paraI ylie p()liomyelitl~. The risk 

lau()J." 01 IIllere~t are age al éteule poIro. ~eventy (lI aeUle pol!o, degree of revovery after 

pollo, lllne trl year~ helween aeulc P()!ro and eIrnlC evaluallOn, presenl age. severity of 

wcakne."'" at he." 1 pOln' aller po!ro. phy .... lcal aCllvlly, rcecnl wClghl galll, reecnt maJor 

trauma, llluM .. le palll wllh exen .. l~e, Joml parn, and mu~c1e palll Seeondary ohJectives are 

to deterlllllle Il IIlcr ca~ed weakne~~ lf1 ca~e~ ()ceur~ to a grealer degrec in the lower 

l'XIIl~lllllle~ than the upper extremllre!-., Ln determllle thc dl1ference 111 frcqlleney wllh 

Whldl IIIcrcit. ... ed weakne~~ oeeur~ rn plevJl)ll~ly artectcd and prevlOllsly unaffected 

extlelllllle~, tn evaluale the elfccl of tllne on the development of symptol11!-. 111 PPS, and 

tu l'valunte thlec dlrrerent weakness ~cventy mea~ures. 



INTRODUCTION 

Through the devclopment ni effel.'llvL' \'dL'L'inatHH1~ .• tL'utl' pohoIHyl'1ltl. ... I~ n'l\\ il laIl' 

disca~e in North America. Howewl. 11 I~ suU a L'OIHnHlIl dl~l'il~l' III ~llIlll' Ihlld wllIld 

countries, and a large num I1cr or 1I1dl vlduab. (64().()()() \Il 11ll' II SA) \\1111 h.1\ l' Il'I.'OVl'lL'd 

from acute paralyllc pohomyelttts alc ahw lnday (1) As many a ... 50',; ni 1111~ p11IHlIattoil 

may dcvclop post-p()lt()myelttl~ -"yndlOlllc (PPS) laicl on III hic (2-(1) 'J'hu-". PPS IS thl' 

most prevalent molor neuron dbease \11 Nllllh AlllertL'<1 

Post-p(}lt()mychl1~ -"yndrome i~ a l:t1l1H:al syndl\lllll' 01 Ile\\' \\'l'a"'nl',"'~. 1.ltlgul·, and 

pain in mdividuab who have experiellccd al !l'a .... 1 ln ye,lI~ 01 Ill'UlllloglL'.tI .1Ilt! IUIlL'llllllal 

stability artcr recovery lrom aL'ute paI:tlytlC rllllOll1yehtl~ (5.7) Pal alylll plllllllllydlll:-' 

IS an illness characterl/ed hy hlgh revel, lollllwed l1y Illll~culai p.lIaly~I"' .• lIId 1:-' Lall~l'd 

by infecllOll wlth the p{llioVlfll~. AIthnugh, il wlde V<llll·ty III IlL'W ... ympllllll'" .lIl· ll'pOlll'tl 

by indivlduals wlth anteccderll poh(lmyehll~, the:-.e tllICL' ail' IhL' 1Il1l~1 lIl'qul'lltly 

mcnLioned and appcaI to constitutc a true ":-'ylldlOllle." III L'1l1lL'UIIL'IIL'L' III "'ylllptlllll'" 'l'Ill .... 

study 1S conccrned pnmanly wlth Ilew weakflc~~ and lallgUl', a~ Ihl· ... l· ail' Ihl' III 0 .... 1 

frcquently rcporlcd and appear ln he the mllsl dl~ahhllg to thc patlellt:-. IIlVIlIVl'd (1-'5,7) 

lt is also unclcar at the present lune, how or Il palll 1:-' Iclated III Ihe Illlglllili illllle 1111ll'~:-' 

and to PPS. 

The m()~t likcly etl0logy 01 new weaklle.)~ and lallgue 1lIt1l1y yL·(II'" .dll'I Il'covery 

l'rom paralyl1c polio I~ a dlMal degenerallon 01 lIla~~lvcly en I:u ged 111\11 (li LI/III ... wlllch aI e 

present as a resuIt of the lecovery proce~ .. alter acute p,ualYlle P()If()//lyellll.., (X.9) 

Ove ruse IS thought to !)e a contnhulmg lactor (JO) A molor lfflll. a.., ollglllally delmed 

by Sherrington, (;onsists 01 a motor nelllon and ail the lllu~c1e llhel.., Ihalll 1II111·/vale.., or 

supports. Motor neuron in va~lOn hy polI ()Vlru~ dunng ae lite P()I/Olll yl'llll ... / /I.t Y / c ... ult ln 

permanent loss of a numher 01 motor neuron~, together wl\h dellel vallo/l ()l thelr 
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a~~()cJated mu!-.cle IJhcr~ wllh suh~e4ucnt c1imcal weakncs~. The rccovery process is 

charactefllcd hy remncrvation III dencrvated mu!-.c1c 1'1 hcr!-. hy terminal axonal sprouting 

1 rom rcmallllllg ll1otor Ilcurom. ThJ~ procc~~ rc!-.ult!-. In cnlargement 01 motor umts up 10 

7 tlnle~ normal ~1/.e (II). IL IS thought that wlth Lime, the~e enlarged moLor umts are 

unahlc 10 MlpporL ~uch a large numher 01 mu~c1e fiher~, possihly hecause of overuse (JO), 

and thal li tlegeneratlOn 01 tcrmmal ax()n~ ll1ay occur. ThiS proœss can produce 

neulOl11l1~cular junctJoll tran~ml~~lon delect~, a p()~~ihle cau~e ot fatigue (12-17), and 

denclvalloll, wllh Mlh~c4UenI1l1crca~ed wcaknc~~ 111 Lhe muscle involvcd (X,Y). Thus, the 

developmcl1t 01 PPS ll1ay hc dependcnt upon Lhe scveriLy of Lhe IIlJtJaI mfection, Lhe 

J'ccoYely proccss ancr paralytic p()liomyelitl~, the Lime elapsed ~ince acutc polio, and 

()VClll~C. 

Several studies havc heen performed which have idenLilïed pOLential nsk facLors for 

PPS. TheM~ lI1c1ude greater seventy of millal aeute polloll1yelitls, a greater ICcovcry III 

Illuscular ~LJ'ength altcr pohomyehti~, il hlgher age al acutc pollo, a lowcr present 

disahlhty, and posslhly 1I1creased J'eecnt physical actlvity (4,6,18,lY). Age at time of 

acule polio mi/y aClually he a mea~Ule of sevenLy of polio sincc il i~ known that 

IIldlvltluals who tlevelop acule poliomyehlls aL a later age usually have a more severe 

!llness (5). In the ~llldy Hl which greater lCCOYely was identllïed as a n~k factor (19), the 

deglec or lewwly wa~ not adlllsted for lhe ~evellLy of weakness aL acute polio, therefore 

11 IS noL kl10wn whether or not PPS is more hkely Lo oecur in paLlenL" wiLh a greater 

rccovcly, hut a silllIlar deglce 01 weakne~s al acute polio. Because the degree of recovery 

IS dl'(ll'Illknt upon the dcgrcc of lIlitial weakness, a greatcr dcgrcc of recovery in PPS 

patients may al'tually he a Icflel'tmn of the increased seventy of weaknes~ at acUle polio 

t1l PPS patll'nt~ as comparcd to l'OnllOls. Becausc PPS is thought to he duc to the 

lhsIIlteglatl011 01 enlargell post-polto motor units pnssihly through overu~e, severit)' of 



acutc polio as a measure of initial motO\' unit IIlVOIVclllcnt. 1 l'l'OVl' 1 y al Il'\' plllIn as a 

measure of molOr unit cnlargcmc11l aflci anItc polio. and physila 1 al'lIVIIy taud a 1 O\Vl' 1 

l:urrent disahJlity) as a measure of OVCIU~C arc ail ns,," lal'tol~ whll'h aIl' Il'asonahll' 

physiologu.:ally hased on the proposcd ctlOlogy lm PPS. 

In addition 10 sludymg thc p\'cvlOusly nolcd ilS,," lal'lols. 1 Ill' plcsenl sludy has 

cvaluated the following: severity of wcakncss al hcst pn1l11 alter polio. l'UIIl'1l1 agl" llllll' 

since aeute polio tn present, usual physlcal aetJvlty pl 101 lO tk'vel0pll1l'nl III PPS. 1\\1lSl'k 

pain wlth exercisc, history of rccent trauma, reœn! weighl gain. Illuscle palll. and l\llll! 

pain, 



IlACKGROIJNI> 

Acutc poli()mycliti~. 

Int/()dllctuln 
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l'hl' m(J()dllcllol1 01 ellectlvc vaCCInatIOns for poliomyelitis in 1955 (the Salk vaccine) 

and 11)61 (Ihe III al Sahm vacclIle) ha~ made acute poliomyelitis almost entirely 

p/ evelltahle (7) Becau~e 01 th 1. ... , polIomyelItls ha~ heen largcly forgotten hy many 

Illemher~ 01 Lhl' IllCdll,t1 COIll/11UllIty. UnforLunately, acute po!tomyehtls IS still common 

III ll1any area~ 01 Ihe wo/ld. and LI nUlllher 01 Indlvidllal~ who Mlrvlved tll1~ dl~ease arc 

~tlll ahve loday I~ven though acule poho IS now a rare disease in North America, il is 

still endelllic 1/1 the undeIlJevelo~~d ,uea .... of Central and South \menca, ASIa, and Arrica 

(20). The World Ikalth O/ganil<ltloll e .... tllllaled that in the year 1990 alone there wcre 

Il (l,OOO IlCW ca~l'~ 01 paralytlc polIolllychtl .... worldwldc (21). In addltloll, a Household 

SUI vey 01 DIsahltng ('Ol1dtllOl1 .... conducted hy the National Center for Health StatlStÏcS in 

19X7 estllllalcd that thcle were ovel 640,()OO people who had survlved paraI y tic polio in 

the lI.S.A (1). 

l'hl' vil LIS. 

AClite paralytlc po!Jomyeltus IS prodllccd hy motor neuron invasion by poliovirus. 

Any one 01 the thlCe p()hovlru~es (types 1, 2. or 3) can produœ the illness. The 

pllhllVlIllSl'S are cla .... SllJed 111 the genus entenWlrus wlthin the family picornavirus. They 

aIL' small. RNA-L'onlain1l1g VlruSl'~ (20). 

TlanSIl1ISSIIHl. 

POltllVtnlS 1I11ectiol1 uSlIally occurs hy the t'ccaUoral route. The poliovirus is acquired 

Ilrally. Thl' VIruS Icplil . .'alcs in the gastlOintestinal tract, wherc il can pcnctrate the gastric 
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mUl.;osa, and l'an he carncd vIa hlood 10 all paIts or !Ill' hody. Il l'an hl' C\lIl'll'd III 

orapharyngeal ~ecrellOns and Sloo\. Aftl'I IIlkl'lwn, lecal Sl'l'IL'llllll C(lnlllllll'S l(ll IIp III 

several weeks' lIme, and 111 an.~as \VIth plHlI sallllalton and OVl'I-CIll",dlllg, Il.lnSI\1I~~llll1 

I)ccurs casily 10 other IIldlvlduals (ZO). 

Clinical [eatures. 

Acutc paralytlc poltomychtls as a re~ulL or poltoVlIlIS IIlkcllllll I~ laH' NIIll'ly III lI)'/; 

of ail pohovlrus 1I11cctHlns arc asymplomaUl' ln mosl IIIdl\'ldllal~ IIlll'rll'd wllh 

pohovirus, only a mlllor IlIne~~ ocnllS, chalaclCll/l'd hy IlO ."'ylllpl(lnl~, III 1l1llHlI 

symptoms or sore throat. ga~trotlllestlllai lIp~l'l. l\lw-glatle Il'VL'I, m,II:II,"'l', and "llid 

hcadachc. These syl11ptol11s te~()lve 111 1 10 <l day~. In a ~Illall plllplllllllll (If IlldlvHllIal\ 

(1 to 21;1 ), a major IlIne~~ occur~. A m,l!or IlIlle~~ heglll.'" \Vllh ~ylllplnlll.'" Iyplral (If .1 

minor illncss (l'l'ver and malaIse), lollowed hy gcnl'lalI/cd hl'adaLlll' ,\Ill! V(lI11lllng, and 

then hy Lhe devclopment or neck and hal k ... lIl1lll'~~ DI (lW~llll'."'.'" IIl.1y Ill' III l'~l'nl 

Paralysls may occur 2 Lo 5 day .... altel ollseL !l' headachl'. Illan dl'wlnp l.tpldly 01 jJ\ a 

more sLuttenng lashlOn, over a pellod 01 tlllle 1<lllglIIg Itolll le ....... Ihall 2 day . .., \lI gll'alt'I 

than 1 weck. IL re~ult~ IWIll lhe pletclClltIal damagc (II lalge JlI()llll IIl'l"()II~ hy Ilw 

poliovirus (20,22). 

Most patients (l)() to l)5 1/t,) ~urvlve acuLe paralytlc pollolllycllll."', and li lllaloilly ni Ihl' 

survivors expenenœ at Iea~t ~()l11e recovely III IlllL"'clc IUllcllOJl Mo..,1 III Ihl' Il'ulvely 

occurs with1l1 the rlr~L lew 1110IlLh~, hullUlthel (('co\'eiy, e~peClally IUllcllollal Il'COvely, 

can continue for year~ lollowing the m1l1al II1lecL1011 (22). 

Pathophysiolo!!y. 

Acute paralytÏc poliomychtl~ I~ pllmanly a (JJ~caM: (lI the mot()/' 1111l1. A lIlot()( unl1 
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con~l~t .. 01 a Illotor f1l~uron and ail the mu~c1e IIhers Il mnervate~ or ~upporl~. Electncal 

excitatIOn 01 a rnotor neuron ln the central nervou," :-,y, .. tem I~ foJlowed hy conduclIon of 

an IInplll\c 111 thc axon and It:-. tc 11111 na 1 hlanche:-., ~ynaptll tran:-.nmSIO!1 at the 

lJeUIOIllU~LlIlal 11IflClloIJ rnedJaled hy lhe neurolran~mJller acetylchollne (ACh), and the 

depolarliallolJ amJ cOlJlracllOn 01 the mu~c1e Ilher. .. it mnel vate~. !î enollgh motor umts 

are ~llllllllaled, a LllIlIlally apparent muscle contracllOn will he prodllœd in the tndtvidual. 

The 1I11J11hel 01 11l1l~c1e flher~ II1nervaled hy a motor nellron varie~ ho th wllhm a 11111~clc 

and helWel'1l 1ll1l,"CIl'~, .tlld Lall lange f10m 6 lO 10 mll~cle f1hel~ JO exlraoclliar muscles 

lu 2()()() IlHl~ck Ilhels III ~he ga~tr()l.:nemlu:-, mu:-.cle (2~) ln genelal, mu:-.c\es that requirc 

a IlI1el deglt:e 01 nWYemenl l'onllOl have ~maller moto! llnJl~ 

/}lI/ /Ilg al'llll' pol!ornyellll~, \110101 unJl Inva:-'lOn hy po))()vlrus cün reslIlt ctthel in 

molm neUIOI! dealh 01 IIlIUly wlth partial 01 complele recovery (20). Molor neuron dcath 

will cause dCIll'1 val IOIl 01 muscle Il hel ~ wllh a 1 eSllltant lo~~ or vollllllary actl vatlon of thc 

Involvl'd mU~l'll' Ilhcl~ Il ollly a kw molol nClllon~ IIlllelvallllg a muscle arc afreclcd, 

no wl'aklll'~~ wIll he pell.:clved hy the patIent hecause ni the nOlma! reselve present in 

hUlllan hl' lIIgs Thu1->, Il I~ pOS~1 hk to have \11olOl newon 111 va~lOn hy poltoVlfUS with 

desIlUl't/lll} 01 molol lll'UlOn~ wttholll a l'ltnlcally apparent weakne~s (17) Pathologieal 

studlc~ have ICVl'all'd Ihat III Itmhs wlth 1lllll1ll1al paraly~l~ or normal funcLlOn, only about 

2 ()l,; 01 thl' 1l1010l IlCUIOn~ Wl'Ie de~lI()yl'd (24). A mOll' severe In~s or molor neUlons 

Ilom al'ule polio WIll Il'Mllt 111 paIllai or complete denel valion of Ihe 1l111~c1cs involved, 

and WIll Iw 11l'J'l'elwd a~ wcaklll'~~ or C\lmpkl~ lo~s of volunlary mll~ck conUacLlOn hy 

1 hl' palll'JlI 

RCl'\l\'l'l)' of III li sc li laI 100et' artel alllle polIO l'an OCCLU hy ~P/()lIltng lrom rematning 

ll111tlll Ill'U10n~ III hy \l1l1~ck Ilhel hYPl'luophy of 1I111elvated mu~ck. Sprolltlllg can Slart 

wIIhl1l ~ 104 wl'l'b allCI p\lltoVlll1~ II1lel'llOn fJOm the terml/1al axonal hlanchcs of motor 
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neurons (25-2S). This proccss can proùuœ Il'\I111l'IVaIHlIl 01 MlIlIl' 01 .111 \.klll'IV.lll'd 

m usdc flhers with rcslorallOn 01 thl' ahlltly 10 pwdllCl' IlHI~l'k cOlll1 art \( Hl Il has hel'II 

cstimatcd that evcn wlth a I()~~ of 5(}',It ot motOl nl'llIl1l1~ ~llppl\'llI~ .1 Illll'l'k. 1I11' 

survlvmg motlll ncuron~ can achll'vc complete rCI11l11.'1 v.IIIOII Il'~lIlll1l~ III Illlllll,t1 1ll1I.'l k 

strength (29). MlI1-.l'lc hlOp~y ~tllÙIC~ have showlI thal aill'I Il'rov\.'I)' IIPm .ILIIIL' p,lIalylll 

poliomyciilt1-., motor ncur()n~ may hc 111111.'lvalll1g IIp 10 7 llI11L'~ tlll' 1It111l11l'1 01 lllllsrll' 

fihers thcy wOllld normally Mlpply (II). III ad\.hllllll 10 SplOlllll1)! WltIl Il'lIll1l'l valmI!, 

muscle hncr hypcrtmphy l'an augmcnt Ihe IC1-.IOIaIHlI1 ni Illll.\ck "'lll'ngth dllllllg tlll' 

recovery proces~ l'rom anllc pollo nO). Thll~. nW1-.lllldlvldllab who h,lVl' ~lllVIVl'd arllte 

paraI y tIC poltomyelJl11-. can expcct il vallahlc ucgrl'\.' of II'CtlVl'ly 01 1I111.'llc 11IIIllIlll! 

Post-poliomyelitis syndrome. 

DcnnttlOl1. 

Inulvlullals who have rccovcred lrom paralyl1e pohomyclIlls alc alllsk 101 dl'vcloplllg 

new ditfkllItIC .... relatcu ln lhclr ollgmal llInes.' lalci on III hic. Progll'~."'IVl' III'W w\."lk,H'~s 

following dccaùe~ 01 motor 1-.tahlhly 111 llm population wa~ III \l dl'~lI lIll'd III Ihl' lalL' 

nineteenlh cenlllly 01) Reeenlly, II1ve1-.tlgalOr!\ have ~lre1-.~ed gcnt:lall/l'd 1 allgm' alld palll 

as audillOnal fcature1-. (lI a "pO~l- poliol11yehtl!\ .... yndlol11l..' (PPS)" (2,'i,7) Thil .... PPS " 

defined as new weaknes~, fatlguc, and palll In Iml!vlduab wh() have /l'L()V\'/{'d IJOIl1 

antcccdenl aeule paralyllc pO)lOlllyehll\ PalH.!I1I ... may L()(llplalll (Il a Wldl' vWll'ly of flCW 

symptol11!\, howcvl..'r lhe~e lhrl..'c arc IlW1-.l flequclllly rero/I\.!d, ,1IIl! appl"l1 10 LllII ... lltulc a 

!rue ~yndromc, or eoncunence lit ... ymploll1'" (1-7) Olhcl te/Ill"> Ihal havI.' hl'\.'11 lN~d 10 

descnbe some ()( ail 01 the pO!\ .... lhle \yl11plol1l~ whlch pallclll ... tle\LlIlll' Illétlly yl'al~ alLel 

polio arc P()~t-p()h()myehll~ mu~cular aLrophy (PPMA), lhe laIe ... equd., 01 rollOlllyeln .... , 

Of the late dTecl~ (lI p()li()myehli~ (1,3,5,11) 



hequency. 

Thelc arc approxlIlwtell' (,4(J,()()() \urVIVor\ 01 acute paraI y tIC pol!omychtls ln the 

USA (1). Canada 1'1 cxpeLled 10 have a .'-,)l111Iar proportIOn of MH.:h mdi vlduals wlthin 

II..., populatIon Studll~~ /Jom thr Mal'o OlnlC Jn(!Jcate that at Ica\t one hall of thlS 

p()pulallon Illal' devclop PPS la!el on III hie (3,6) Thus, PPS l~ now recognl/:ed as a 

nlalol puhlIC health prohlem 1/1 North AmCflca. 

Malllle~lall(ln.'-, 01 r() ... I-roh()ll1ychll~ ~yllllt()I1lC. 

The l III 0\ 1 UlIllJ1l0n '-,yll1pl(ll1l~ of PPS are new weakness, fatigue and palll (1-7). 

New wcaknc\\ L<ln I)lClII holh ln lIlu\clc\ prevlOusly chmcally IIlvolved and unmvolved 

al Lhl' 11l11e 01 :tulle polio. hDwl'vcl Il OlCur.'-, more IrequelltIy 1I1 lho~e l11u~c1e\ pleviollsly 

IIlvolved (7) Thl\ Itlllling can hl' cxplall1ed hy lhe fall lhat prevlOusly unalTected 

Illllsck .... Illal' haw h.ld ~uhchlllcai molO! nelllO!1 IIlvolv:menl hy po\tovlru\ (24). New 

wl·af...Ill·~~ Lan hl' dl'\cllhcd <1\ pl'lIl1anenl or tlan\lenl. wllH.:h I~ rdall'd lo acl1vlty. Wc 

hl'lll'Vl' lhat tlan .... ll·nt IIl'W wedf...ne ........ 1 ... <lclually l11uscular lallgtle III druca\ed endurance. 

Fatlgul' 111 PPS can hl' ruha grnl'Ial or mll~cular Flcquenlly, hoth OCClII cOl1cllIrently. 

Gelll'Iai lallgul' I~ li.'" lia Il y de\cllhed a .... genel alt"ed cxhausl!on, .... uch as OCCll!\ with the 

"lllI" Malllll'\l.ltIOIl .... IIlcludl' declca\ed conccntlatllln, and IcqlllJ'cl11cnt for re\t penous 

dllnng lhl' day ,\IId 1I1CIl'a~l'd slcl'p MuselllaJ lallguc (fatlgllahlhty) ean he dclmed as a 

dllill'ull)' wlth 1l111.'-,l'1lIat clldlll ancr. or II1clea\cd wcakne~,s wllh exertlon that improves 

\Vith Il'\l Palll ln PPS 1." uMlalll' IllCall/l'd lothc musclc or JOIIll\. Mu~c1c pamls lIsually 

dl'~l'llhl'd .t~ an aL'hll1g III \11Il' kl'llIlg whll'h occur .... aller Ilght phy .... teal aeuvlty lt may 

alM} haw " hllllllllg qualtly, ~1I11tlal ln lhal tclL hy thc patlCllts JUllng dC!1CrvatlOl1 trom 

acule pllllll Thl'\l' 1ll1l\L'k pall1\ IIl'quently IInplOvc with ICSt (7). JOint paIllS may he 

L'hnHlIL' 01 lI11l'lllllltl'nt, and .trc ,tlso flL'ljUrnlly aggravated hy actlvlly. They may be a 
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result of oste()arthrtli~. hllt~ltIS. and t~ndo\1l1IS lrom thl' L"llIollll' n\l'Ill:-'l' (II .lhllnllll.II 1I~l' 

of weak. un:-.tahle Itmh~. New atrnphy. llt In .... :-. 01 1IH1~dl' hulk 1:-' .11:--0 dC..,ll tlwd hy PPS 

patlCnts. and ha~ h~~11 r~pott~d III 2W/; (lI paltl'nt~ alll'!llhng .1 pO:--1 POll\l lltllll (1 X) Il 

IS prohahly a td.lttwly lall' phenOml'\10\1 1\1 PPS 1 t~) (lthcl Il':-.~ Ill'llllClllly 1l'!)(l(ll'd 

cnmplaint~ tnclude rc~pll atmy \Il~ul flCll'nl'y l)(llll pl(lglc~~IVl' lllu:-'l·ul.lI \\'l'aklll'~~. 

dy~arthria (dt 1 ftculty wllh alllCtllallOn). dy~ph<tgla 1 dl 1 1 IlUIt y , ... W.I lIowlIIg). IlHl~l le ll.ll11p~. 

fasckulati()n~. and new ()( pr()gll'~,"'VL' IOllll dl'lmlllllll'''' (7) 1'Ill',"'C dlllllllllll'~ l,III 

produœ functwnal prohlem~ ~uch a~ JeLll'a~cd IHOhlltty \VIII! .hl' 1lL'l'd I(l( .l'''~lstIVl' 

devlccs. wtth dlniculty dle~sll1g. dllllculty Wllh hathlllg and 11l'1 101 Illlllg 11l'IMlIwl hygll'Ill'. 

and change or œs~atlOn 01 occupatlO\1 (7). 

Time of onset. 

The ttllle (If onset of PPS ranges lrom X to 71 yeat~ lollowlIlg <tcule polt()1l1yl'lttl . .., 

The average interval l'rom several studles IS 16 year~ (7). 

Course. 

The course of PPS IS <:haracterlœd hy a slow plOgrc~ ~1011 01 weaklll'~,"'. IIt'qUl'lIlly 

intci'spcrsed wlth perlods of stahllllal1on. Death a~, a IC~lIll 01 PPS 1.., lall', ilnd 11'IId .... 10 

occur in tho~c wlth horderllllc le~pllatory IUllLl)(lf) ()n avclage. Ihl' l,Ill' 01 dl'LIJlIl' III 

muscle ~lrcngth u~lI1g a chlllcai mea~ule ()I llIu, ... ck ~lIcnglh (paIl 01 ,1 lIollll,t!IIl'IJl(doglcal 

examtnalton) ha~ heen e<.;LImaled a ... only 11f, pel ycar hy /)aldka ... ( J ,) Mun..,dl 1()II()Wl'd 

lfi PPS patlCnt~ 101 a pCrI()d (lI 2 lo l) ycar~ Wilh rcgular " ...... cl."I.,/Ilcnl ... (lI 11.,()1I11'1I1L ... llcngth 

(using an cleclrontc , ... tra1l1-gaugc lI1yolllcteJ), and /ound a ~l1Iall. hui \léll"'l1l.ally 

slgnihcant dcclmc in mu~c1e ~trcnglh (11). 
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Dlagne)..,I.., 

The lllagIlO\J.'" 01 PPS I~ clIn/cal. Currently. there I~ no known dlagno~tlC te~t whlch 

Lan dl~llJlgUI .... h ,"'ymploJ1laIIC h(lJ1l a~yJ1lpt()matJc po~t-polJo patJenL.., (14) Thererore,other 

condItIon.., whlch can prodllcl' lhe pal1enl~' ~ymptom~ need to he excluded heforc the 

dJagJlo"'l~ can hl~ made (1) The lol/()wmg lnlena have heen pJOpo!o.ed fOI uiagnosis: 1) 

a credlhle /w.,lory 01 acute para/ylIe polJOmyehtls, 2) partIal Of complete recovery or 

IUIlCIIOIl, '1) a perlOd 01 ~lahJl Ily 01 at lea~1 1 () year!o.' duratJOn, and 4) the later 

developmenl 01 pJ()gle .... ~lve new weakne!o.!o. (wllh or wllhout lallgue and pain) lor which 

Ihele 1. ... no olher neliw/oglCal or medlca! eause (4). 

Elw!ogv 01 rO!o.I-r()lJ(lmyelrll~ syndrome. 

'l'hl' e!Hllogy 01 PPS. or new wl';lknes~ and fatigue, I!o. unknown. Many possihle 

ellologll's and COlllllhllllllg laclol..., have hœn propo~ed. As hypothe!o.ll.Cd by Wtechers and 

I-Iuhhell (X.l), Ihe 1110 .... 1 Irkely l'llOlogy or new weakne~!o. and latlgue many year~ al'ter 

I('COVCIY Irom paralylrl polIO I~ li l.hstal degeneral10n 01 the ahnOlmally en!arged motor 

UllIls wlllch ail' lound alll'I lecovery lrom polIO In tbls way, PPS may he a result of the 

Il'cm'c l'y pl oce~~ II~l'I r. The SUI VI \'llIg molOl neuron~, wlllch may have pel manent 

ahnolmalllll'~ a~ il Il'MIII 01 polIo, IlOW 1Il1ll'IVale many nHlIe mu~cle lthel!o. than normal, 

and may hl' unahll' 10 "'lI~lalll a gll'ally II1crl'a~l'u metahohe demallu. Wlth lllne. terminal 

axnllal SplOlIl~ may dl'gl'Ill'lalL', wlth ~lIhMxlllcnt dCllelvallOn 01 l11ulvluual muscle flbers. 

SOll1l' nI t11L'~l' dl'Ill'I vatl.'d muscle 1 1 her~ may hecoll1e relllllervated hy sprouts l'rom 

Ill'lghhl li mg IlHlllll Ilelll ons, plllduclIlg a conlinuou!o. "renHldehng" pmce~s of the pOSl

polto mulol lInll (9.14,35,16). However, ~ome or thc muscle fthcls WIll hecome 

11l'llllaJ1l'J1tly dl'Ill'I valL'll, ami Ihll~ pllldu<.:C pcrmancllt progle~slve weakness (g,9). 

EVHkncL' Illl Ihl~ tlll'oly I~ prnvllkd hy the IÏnd1l1g of smallcr I11dCro motor unit potentials 
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(a meusure nI' motnr UnIt sile) on n1<H:Ill-ekl"trnmynglaphy la ~pl'lï.l1l/l'd !.:lllllral 

dectrophyslOlog1l.:al terhlllqul') 111 I1ewly weaJ...l'ncd p,lltt'(lt~ (~7) ,Inti .lngllLIl allophll 

muscle fthel~ (tIldtCallve 01 llngolllg dCl1l'lvallon) on IHlISl'lt' hlllp.'-\' (1·1) Thl~ 

uegenerative and rcmodellllg pwccs~ l'an abo pwducl' nl'lIlOlllll~l'lIlal 11Inctlllll 

tran~nm.""'I()n dercct ..... wllICh may hl~ li caUSl' 01 Illu."lulal I.ltlglll' 1 ~ \' Ilk' IlU' 101 

neuro11l1l ..... ClIJal 111nl'tHlIl tran ..... ml .......... HHl lkfccts I~ plllvH!cd hy the l'klllllphv"I\llo)!ll'al 

techniques of rcpetlllYe slttl1ulalllln and ~Ingll' IIhel l'Il'Lllolllyoglaph\' Buth ,1 lklll'llll'llt 

of the compound Il1U ..... l'll' actloll potclltlal and Illllca~l'd plll'i \lll "lIIgk Ilhei 

clcctromyography arc commonly lound ln Pll."t-poho patll'l1t~. and .Ill' Indllallvl' 01 

nellromuscular lunctlPn tranMl11S~HlI1 dckct ..... (12-17. ,)) 

Howcver, eVlucncc lor nCll10l1lll~LUlal IUIIl'tlon tran."Il1I~~1I111 dl'It'Lt." .Il1d lOI 1l111!0lllg 

dcnervatlon 1 ..... comm()nly IOllnd 111 h()th ."ymplolllalil and a ..... ylllptoillaill palll'n\'. (1·1) 

Thcre appcm ..... lo he li Idal]()n~hlp hetwccl1 Ihl' dcglL'l' (\1 I1l'lIllllll11"llllal 11IIILlI01I dl'lll'Ih 

and the degrec 01 motor 1I11ll CI11<lIgl'I11Cl1t allci pollo Till'icloll'. IIIl' l'XIl')11 III 1IIIIIai 

rccovcry may plcdll't the dcglce 01 thl' ckl'tlOphy."I()I()glLtll lklllll" lall'I on III hic ( ~X) 

Whether or not thl'~l' ohsl'rvcJ ahnorl1la!tllc~ actllally (1lodlllC ... yll1pl()(l1 ..... III Ihl' paill'III ;1\ 

a whole, may he duc lo a l'Ol1lhlllallOIl (lI lactol ...... 'l'hl' M' 1Il;!V Il1clulll' dq!llT ()I 1I1011l1 

unit detelloralton, the Il',"l'lve prl' ..... l'i1t 111 thl' Illll."Lk al/l'lll'lI. thl' 11IIlltl()ll,tI 1I1l1)(l/lélIICt' 

01 the mllM:ll' 1I1volved, and the genclal actlvJly h'vel 01 IIIl' paill'III (17) 

Other r() ..... ~lhle l'tlOlogle" lor PPS Lhat have hl'l'Il (110p()<"l'd ail' (1) Lll/O!lll pUIIOVlIlI" 

infectton. (2) dl'ath 01 rel11a1J1l1lg I1Wtor nl'ulon ..... wllh ll(lIll1al dgl'1I1g, UHlpkd wllh 

previolls J() .......... l'mm po!t(l, (1) prematull' agelllg III lell" pl:llIlitfll'lllly ditlll<l,!!ed hy 

poli()vlru~, (4) pleut."pmIlHm 01 I1lOtor I1l'lIIon ... to dl'gencllitloll hel dll<"l' 01 )!lléd. va,>ullal, 

anù JymphatIC change" call,lo,l'd hy P()IIOVlIlI.". ()) p()II()II1Yl'lrll\-1I1llllu'd VlIllh'ldhJlllY Il' 

molor neurom to ~ec()ndary II1 . ..,uH.." (6) gl'nl'tIC preul"(10..,Il]()Jl 01 11l(IIUI 11l:1I1(l1l'> to h()th 



poliornyehUo., and premature degeneratHlO, and (7) an Immune-medmted ~yndrome. Thcse 

hypothl· ... e ... are revlewed ln detall ehewhere (7) 

PO"'~I hic conl/lhulIng 1 actm.., 10 the Iheory 01 dl~tal degeneration of enlarged motor 

urllt", pr opo,..,cd hy WIl'c11el.., IIlclude the normal dropout 01 motor unit~ with agcmg, 

growlh hormone dellclency. Ilveru~e rnyopathy, anù ùlMI",e alrophy. AnatomÎC and 

ek'ctrophY"'lolo.!!llal ... tutlle ... have del11on",lr,lled a 10"'''' 01 splllai cord motor neur()n~ wlth 

the llormal agemg ploce...... l'lm lo~", hecome~ plOl111f1ent after age 6() CW-41). It I~ 

pm",lhle Ihal Ihe ,\UpClllllpmlllOI1 01 Ihl\ proœ.'\, ... over the alreaùy hmlted n~lI11her of motor 

Ill'WOll,'" ple",enl allel pollo contllhllte,\ 10 ~he development 01 PPS (7). SOl11atoll1edin C 

ha", hccn 100llld to he low In l) 01 1 () patlCnl~ wlth PPS and normal in 12 polI(l ~urvlvnrs 

wllholll PPS (42) Bolh growth hormolle anù ",(llllatomeùlIl C ~tlI1lUlate the synthesis of 

prolcln and nuclclc and", 111 lllu",c1e ccli"" ar~d Ihe reg~nerallon of penphL'ral nerves arter 

Ill' 1 Vl' III ,ury lI1L1udlllg the ",[1lOlIlmg 01 nelllOl1"" Growth hormone ",ul11l1late", the 

prodUCIIIlIl III "'OllldIOIllL'dll' C IIlthl' hWI and lrom a vallet y of extrahepatic sites (43,44). 

Thll"" Ihl' III li III a 1 Cl'",,,,atH 1I1 01 glowth hOlmolle and somalol1ledlll C plOdllctlOn in a 

proportion 01 thl' population wlth 10\'" 01 thl", hOlll10nai ",lIpporl lOI l11u",c1e hypertrophy 

and lIloltll 1ll'lIll\n ",prolltlllg may hL' Irnpotlanl III the devc!opment of PPS ( .. B,45-47). 

()WllIM' 01 1I111",ck !l},IY al~ll hl' a ulIllllhuttng lactol Tht", theoly t", suppor!ed hy 

l'Vltll'llCl' III 1l\'l'llI:-'l' III "'PL'C1lll IllWL'1 L'xtlemlly ll1u",c1es ùunng gatt analy",l~ of post-polio 

palll'l1t:-. ( 1 ()), and hy thl' fmdlllg (lI IIKll'a",l'Ù cleatin1l1e pho:-.plwkllla",c !cvel", in newly 

symptomatll.' pn:-.t-pollO p,ll1L'nts and normal crcat\lllllC phosphokinase !cvels 111 equally 

\VL'a~ III 1I1-", )'IllptOIl1,1lIL' poSI-polw patll'Ilt", (6). Elevateù Cll'atll11 ne phosph()k1l1a~e can he 

aillai "l'r 01 1Il1l",ClL' III ,UI y, ,llld has hl'l'll Il'plll tl'd III many Ilellwmuscular dr",eascs as a 

ll':-'Ult (lI 1l111",ck damage and Ill'ClO",l", (-lX). Thll"" the ell'vated Crl'atlllllle phosphokinase 

kwls llh.'\l'I\'l'd :11 PPS may IIldlL'dlC 11l11~L'!c lIljllly amI ovelu",e (41.), whlch coulù 
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ccrtamly contnhute III IIlcrl'asl'U \\'l'aknl' .... s and fallgul' FlIlally. dl~UM' atlllpllv I~.I \\'l'II

known cau~l' 1,1 mUM:k wl'akl1l'~ .... 111 p.ll1l·nt. .... wllh .1 \Vllk \ alll·ty nI dl. .... l'a~l· ...... llltl l.11l abll 

he a contnhutl!lg lactor tn LilL' liL'velopl1lL'1ll III PPS ( 1) 

Thb ~Iudy I~ WnCl'l Ill' li pnm.1I lIy will! thl' .... ymptllll1 .... 01 Ill'W \\'l'aklll'~~ .I\ld lall)!lll' 

as palt of PPS. Thl'~l' IWO ~yl11plllll1 ..... Ill' plOh.lhly 11'1a1L'd III Illllhll lllllt d\'~lufll t\llil .lIld 

the origmill pOlHI\jIlU~ IIlIl'CLÎOIl a~ l'xplalnl'd .lhllVl' 1\1111 l' .. al~ll p.llt III P\'~" hut 1Il.IV 

he either il pnmary ()[ M~C(H1Ualy :--ymplom III thl~ lbllldl'i (dl~lll~:--l'd 111 IIIi' 1IlIIllWII1g 

sectIOn). Becau:--e Il 1:-- ullc\ear al the ple:--l'nl tlll1l' ho\\' III Il 11 1 .... IL'I.ltl·d 1,1 tlll' 11IIglllai 

pohoVlrlls mfecllOn and 10 PPS. 11 WIll flot Ill' ;~cd a:-- ail 11lclu:--1I111 L'lItl'111l1l11l1 PPS C;l~l'", 

Possible risk factors for Post-I)oliomyclitis ~yndf()mc. 

PrevlOu~ sludte~ havc Idenllllcd :--everal p():--~Ihle Il:--\.. lactl)):-- Illl PPS. '111l'~I' IIlLludl' 

severity llf leakne~" at acule pollo. degfl'(_~ 01 Il'COVCly alll'I al'utl' p()1I0. pll' ..... I·lIt 

disahlhly, a al acUie pOIHl. and Il'cent phY~lCal actlvlly (>nly 11H11 ... tudll· .... haVI' 

altempled lo Id\~nLlly nsk laclOJ ~ lOI PPS. 

Halslead and Rm~1 (1 X) delll1ed vanahle~ wtm:h wuld Pll'dll t wh() dl·wl()Jll·tJ Pl'I.) 

at a shorter llllle I!llcrval From a cllI1ll' pollllallO!] 01 174 pl'I'lllh l'v.lluatl'd OVl'1 " OIJI' 

year penod of tllne. 111 ratlent.\ who 11I1Itlkd the llltl'Ilil IIlI PPS (Ill'W hl'.lItll p/ohll·lu... 

prohahly relatecJ to paralytll' pollo) wele Il/entllled Ail 1l1l\..IWWIl Illllllhl'I III villlahlt- .... 

were evalualed wllh a mOllIllcd IIIe-tahle alli.IY ... I... ï he fOlIl vallahll· ... at tlllll' of acutl' 

polio whleh wele :--lrongly a ....... ocILlted WILh developlllL'Jlt 01 IWW hl:altll ploh]l·lu... III il Il Y 

year~ later al li "lgnIl le amly ~h()rtel II ml: 1I11e l val (M aJltl'l-( 'ox tl:~L) \'~l' Il' 1!()"'pll,t1l1at J()Jl 

at aeule pollo, raraly~l~ 0] ail J ()[J1 hmh~ (VCI"IU" ollly olle IIIl1h), iI.!!e 7 yl'd'" III n]dl'I 

(versus under 7 year~), and reljulrement 01 LI re"plralor Sex wa"'llIll il Ullllllhllllll.J! JaLtol 
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The~c lour vallahle.., may aClually lellecL ~evenLy 01 acule polIo. People who are 

!Jo"'pllail/ed and wh() reljulre the u~e 01 a re~plrator prohahly have a more ~evere IlInt'..,s. 

Patlcnt" who dewlop ilLUte p()lIomyellt1~ at a laLer age are abo known to have more 

.,everc InvolvenlL'nl Becau.,e Lhl~ .,[uJ) did Ilol compare PPS patICnt~ wuh asymplomatic 

pO"I-pollO pallent..., li 1..., c.hlflCull lo cOIl..,lder lhe variahlcs HJenllflCd a~ true "n~k factors" 

101 the devdopmenl (lI PPS 

Spelel and co-worker." (4) complelcd a ~lUdy wuh the alln of Jetermmmg the 

pelccntage 01 people prevJ()lI~ly allected hy palalylic pollo who would develop PPS, and 

01 Idcnl1lylllg pm\lhlc l1\k laclor., lm PPS SIX hundred and \eventy per!',on~ l'rom a 

populallon 01 1619 pallent.., ho!',pllailled al the SI!',ler Kenny In~lJtule, Shellering Arms 

"o~pllal. and [hL' lIIlIVL'I~l!y 01 MlI1l1e~()la ho"pllab ln MlIlneapolI!'" MlIllle~ota helween 

JlIly 1. Il)52 and JUilL' 10, 1951 weIl' locatcd. A 30-Ilem ljuesttonnaile wlllch indudcd 

tjlll'!',[I(lIl" 1L'~anhllg !',l'X, date 01 hlrth. ple\elll age. date 01 pOllO. educatIOn and 

L'Ill pl O)'IIll' Il 1 hl!',lllly. ddlL'~ and locall/atton 01 ho!-.pItalllatÎon. need for aId~ and Jegree 

01 1 li 1lL'11l 111 1\lI lIppel and lower hmh., al dl~cnargc l'rom acutc pollo rchahllnation and al 

pll'''L'nt. hll'alhlng and ~wallowlf1g prohlem!-. al acute poho and at present, the presence 

01 olhcl Ill'\\' prllhlcl11 . ., IIldudmg II1clea . .,ed weakne!-.!-. in pollo-alfl'cted and 111 previously 

lInalkL'Il'd aled~. kwl 01 endlllance. lo.,!-. III 11InctlOnal actlvllle!-.. and ple~ence ot pam or 

clanlplng. Fm ty-nlll~ pl'rcent (n=327) of the que~tlOnnalre!-.. l'rom 21 11i or the original 

pllpulatllln Wl'Il' lel'Clwd New prohkl11!-. were leportcd oy 411;( 01 tho~e queMionèJ, wiLh 

palll hC11lg thl' 111l1~t (ommon ncw dt!!1Culty (m 47 1
;( or pallent., wnh new diffll:ulttes), 

!llllllWL'd hy dCL'Il'a!-.l'd l'ndurancc (--l2 11r). ap.d 1I1crea!-.ed weaknes~ (--l()llt ). A Chl-~ljllare lest 

wa~ ll~L'd 10 L'v.tluall' propolllOns 01 patient~. There wa!-. no ~lgnÎflcanl relatlOnshlp 

tWI\\CL'1l M'X and .Ige at al'Ull' pollo wllh the development (lI' new problems many ycars 

alil'I thL' ollgll1al 11I11l'~~. HowL'vcr. sevcnty Dt arule pollo as measured oy lower limh 
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weakness requinng the use of amhulatory ald~ (wtlh 01 WttlHlllt LI ht~tllt Y III hulh:!1 and/m 

rcspiratory proh!em!\) wa~ found lo hl' stg\llfH:antly a!\!\\lrtatl'd \Vtth tlw dewhlpll\l't1t 01 

new prohlem!\, Thus. !\eventy of acute polto was ag.un ~howt1 tll hl' ,Ill Ill\lHlItant v:lltahk 

in the fUlure occunencc 01 PPS, 

In another study. K Itngman and l'O-WOI kel ~ ( 19) IWIIlIl Ilwd a l'a~l'-Clltltl 01 :-.tlldy to 

idenltfy risk factors lor PPS FlOm a l'hall leVll'W (lI 2XX patll'Ilt!\ l'\'alualed 111 111l' POltll 

Clinic at Ranchos Lo!\ Amlgos MedICal Center. 57 pattell\.' wllh PPS Wl'Il' IOlilld (l'Il'lhhll' 

history of poltomyehtls, II1ltlal partlallccoYely 01 11IIlctIDIl, at ka . .,t 10 yl'.lI~ Ilt l'IlIlIl'al 

stahility fol1owlI1g recovery, ~uh!\equcnt Jeve!opnlL'nt 01 pIOgll'."~IVC 1Il1l"llilal wl'"klll'~S), 

Forly-nine pattenL ... wllh il Il\~tory 01' poh(lmyelitl~. hui wllhlllll a hl~tllly III !l'n'nt 

progressIve weakne~s served H!\ the cOlltrol group. ()ne hUlldlcd l'Igllty-two p,llll'nt." Wl'ie 

exduded; 7X hel'ausc or mcdlCal or ollhopedlc p/()hll'Ill~ whH:h lllllid haw l'xplallll'd 

thcir increa!\ed weakne~~. and 104 hccau~e 01 lIladeljuate 1111111 mallon III d \tlll'~llOlIahll' 

history 01 pollo, Rlsk fal'tor~ cvaluuted were mtel val 111 Yl'dl" "IIICl' (lLlIll' pollo. a).!l' al 

aeule polIo, inil1al seventy 01 weakllc~~. rC~ILllIHI dl .... ahlhty. ICCOVl'IY. and kvel III Il'l't'nt 

physica! aClivlty, Severity of II1Jltal pollo wa~ mea~urcd 011 a ~lall' 01 1 10 (l where Ollt' 

pOll1l wa~ given for II1vo!vemcnt of each 01 4 Itmh ..... olle lm haü Illvolwllll'lIl. and ()Ill' 

for resplfatory II1volvement. RC~ILlllal wcaknc .... ~ ~evcnty ,wrl' wa.' Wl1lplrll'd III 1 Ill' .,allll' 

way a~ ~cvcnty of Initiai polio. Re~ldual dl..,uhliity WU" lIlea"lIll'd 011 a 5 p()IIlI "laie Wlth 

() = no functional derlCH, 1 = mlld d I..,a hl Ir t y wlthDut need lm hlace ..... 2 -=- IIHl/l: ~evele 

disahility wlth necd lor hracc!\. 1 = ~cvere dl .... ahllrty and wheelchall-Imlllld. and 4 = total 

dl~ahlilty and hcdmJden, Reeovcry Imlex wa ... calclliated il,'" the dlllell'l1u~ hetwecn 1!lIIiai 

severity and rC~ILluul dl~ahllrty, Recent alLJvlly wa" mea.,uled ()II a 1-polllI "cale a" 

follows: 1 = httle or no reglliar parltClpalton III .'>pDrt,>, manual lah()r ()f walklng, 2 :~ 

occasional to moderate ~porb actlvlty (t.:.g, >20 !mnute .... (lI '>u .... lallled aUlvlly 1 10 1 t"ne ... 
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pcr wcck), 1 = Irc4ucnl particlpallOn ln ~porl~ (>20 mlnule~ of .IIu~lamed aClIvily IWO or 

morc tlme.'" pcr weck) and/or mm)crale 10 hcavy acllVILJC~ al work or al home (c.g. 

/Icqllcnl hcavy IIll1ng or manual lahor) MANOVA wa~ ll~ed l{) lind a slgmtïcant 

JI1ulllv;u laIe .... olwlon RccClvery wa~ excllldcd ln lhi.ll analy~ls hccall~C Il wa.ll a hnear 

cOl11hmaUol1 01 Iwo olhcr valJahle~ Thc~c vanahles (wIlh lhe addiuon of recovery) wcre 

Ihell analy/cd wllh AN( >V A. Nf) .... Igmllcanl dlflercnccs helwcen ca~es and conlrols wcre 

lound III ICIIll~ (lI ~ex, or JI] Ihe nllmhcr 01 year~ ~mcc aculc pollo. Howevcr, lIr1lvariatc 

analy~c~ revcaled Ihal paltcnt~ wllh PPS wcre slgnificanlly older at acute POllO, had a 

greater Jnllwl II1volvelllcnt had a lower resldual dl~ahlhly score, had a greater recovery, 

allll werc mOle phy .... leally actIve than controb. The greate~t degree of vanance between 

the two g)()UP~ could hc accoul1ted lOI hy the Iccovery Index (7'-)1/,), followed hy initIal 

.... eventy (65'/'), and le .... ldllal U1sahlllty (4, 'It). Age al aeute poho and recent physicaJ 

acllvlly accounted lOI only 9 and )//, of the variance, re .... pecllvely, helween lhe two 

gtoUp..... Beeau .... e H~L()very was not aUlustcu for J/1lllal .... cventy 01 polIo, Il 1 .... lmpossihle 

10 know whelhL'f m no! a grealel recovcry in pallents wnh a .... lmilar degree of wcakncss 

al acule pollo wa .... Important 1/1 the development of PPS. A grcatel rccovcry wOllld tend 

10 occur III tho .... e rallent. ... wllh a mOle .... evcre Involvement al acute polIo, and may thus 

sI/nply Il'Ilcel Jl111lal pollo sevellly. In addition, odd .... rallO .... wlth thelr <))//, confidence 

IlIllit~ welc no' plOVlul'd 

ln a mlllC Il'Cl'nt ~tudy completed hy Wmdehank and co-workers at the Mayo Ch ni<.: 

(6), li l'ohml 01 -'00 indlvldllab who had paralylie pollo hetwccn \<)35 and \955 wcre 

Ilk'ntllll·ll. hom 2--l7 MlrVlVOlS, 50 suh,ect .... who had hved c10sest tn Rochester wcre 

scll'cled lm a delaJied hl .... (ol1eal. fllnc(tonal, psychologlcal, dilllcal, and 

l·leclIophy .... HlloglCall'\'aluaIIllIl. Thc purpose of !llIS .... lUdy was lO lùentify the pwvalcnce 

III Spl'nftl' .... ymptoll1~ many yeal s arter Hcute pn!to, and tn identify risk factors for the 
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dcvclopmcnt of late symplOms. Slxly-four pero.'nt or lhl'~l' Sur\'l\'lHS cnmpl,l1nl'd 01 nl'W 

symptoms of muscll' patn, fatlguc, and weaknl's~ alll'I a pellod or pllllOllgl'd 81.1111111)'. 

Howevcr, thesc difflCultlc~ kd lo \:hangl'~ III ItIL'~lyk nr al'llvlly li) nnl" 1 X',; III palll'Ill~ 

Possihle nsk faclors cvalualed welC plcscnl agl', age al 11I1h' nI pllllll, 11lIll' Inll'lv,lI ~lI1n' 

polio, severily of aculc polto (nll'a~urcd hy a NClllolllglcal J)1:-',lhlltIV SCIlIl' h.t:-'l'd lin a 

slandardiœd physkal cxam1l1alion 111 Ihc old rl'l'\Hd ... , NDS-m.\:\), PIl'M'11I :-.n'l'llly 01 

wcakncss (alsn mea:-'lIIcd hy a NClllologll'al Dl~ahlilly SUlIl', NDS-IIIlW), ,tlld ll'l'llVl'ly 

(diffcrcncc hctwcen NDS-now and NDS-max) ('lllllpall:-'OI1., hl'lwl'l'ncaM':-' and 1'lInllo"" 

were made wlth an unpalred l-tesl The IIkdlhooù III l'Xpll'~Sll1g Ill'W ClllI\plalllh wa:-. 1\01 

rclatcd to age at po\to, currenl age, IlIlle mll'Ival ~llIù' po\to, 01 Il'l'llVl' 1 Y 'l'hl' 

dcvelopment 01 new dltllcultlC~ 111 a IlIllh wa~ mo:-.I sllollgly Pll'lhl'll'd hy Ihl' ,\l'willy 01 

wcakncss in that hmh al aCllte pollo ln addltHlll, lhey lound lhal p,llll'lIl~ wllh kg 

wcaknc~~ al acute pollo were lWICC a~ \tkely 10 l'Ol11plalll 01 new plOhlcm ... COlllpall'd 10 

those with arlll weaknes~. Thu~, ~evenly 01 a\:lIle poliO wa.., ag.tlll loulld III hl' ail 

important factor in determmll1g who would develop PPS. l'Ill.' 111 a III advalllagl' 01 111I!'. 

study III compari~()n to prcv!(lu~ ~tlldIC:-' (wllH.:h Il~lted (III pallclIl Il'lall) 1. ... IIIl' acclIlilly 

in assesslllg :-.eventy 01 weakness at aCllte pollo hecau . ..,e 01 Ihl~ ... Ialldilldlled l'Xallllllalloll.o., 

performed and the detmlcd record:-. aVaIlahlc at the Mayll CllIlIe III addilloll. IIJI!'. ~llIdy 

ha~ vtrtually no referral hIa~ hecau:-.e II u~ell a poplliatloll-hao.,ed Il''''OllIU' av,lIlallle al Ihl' 

Mayo Chnie. The dlfJICUItI'~~ Wlth thl.., . ..,tully lI1c1ude the ..,mall palll'ni 1l1l11l1wl., Il'''l'd, IIIl' 

omi1\slOn or calculatHln 01 ()dd~ ratl()~ wllh ()5 11t conltdencc IIHel val.." and an Illl,deqllall' 

assessment of recovery al ter polIO. Recovel y alter polIO o.,holiid he lIll'a"'lIll~d a~ Ihe 

dlfference hetween weakne.,.., at acute polH) and weakne~.., al he..,1 alLel <tulll' pOliO, and 

not a~ the dit ferenœ hetwœn weakne~~ at acule pollo (NUS-max) alllllunclIl wL'akneo.,.., 

(NDS-now), Becau~e PPS pUlIent:-. are clIrrently weaker than prevloll..,'Y (hy dL'lIllHIOIl), 
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thelr reeovery may have hCC;1 unllere~tJmated hy thc~c mvc~tlgators. ln addition, as in 

the prevJ()lI~ ~tlldy, degrec 0/ recovery wa~ not analY/cd m paltent~ Wtlh simitar degrces 

(l/ weaknc~ .... Thcrcl OIC, Il I~ Il11p()~slhlc to know whethcr or not reeovery is an 

Important /aLI(l! 

The."l' / (llll ."tutlle.'" mdieate that mltlal pollo ~eventy, and possihly reeovcry are the 

1I1O ... t 1111 pOl lanl /aelor~ ln predletmg /lItllre devclopmcnt of PPS. These tïndings arc 

con."I~tcnl wlth Ihe prevlOlI~ly de~cnhed hypothe~l~ lm the ctlOlogy of PPS heeallsc the 

~eVl'nty 0/ the ollgrnal nwtor neulOn polioVIflI~ mva~J(Jn a!\ e~tllnated hy the degrcc of 

weakne .... ~ al aClJle pollo I~ hypolhe~J/ed tn he Important/or the devclopment of PPS. The 

deglcc 0/ molol unit cnl<ugelllenl dllnng Ihe lecovely procc~s al'tcr aeute polio as 

estllnatcd hy Ihe degll.T ollecov Ty 0/ muscular ~trength may alsll hy an Important factor 

hecallsc grcatly cnlargcd 01 ovell'xtended motor UnIt~ may he at grcater I1sk for 

developlllg a dl~tal degenClalton ovcr tllne 

Othcl ro~sl hie lI~k 1 actOl ~ mclude tlllle mterval smce acute pollo. CUITent age, 

scvel Jly 01 wl'a"'ncs~ aflci complete lecovery lrom pollo, past phy~lcal actlvlty (rather 

than rl'ccnt phy~ILïtl actlvlly), welght gam pnm to Ollsct of PPS, mu~cle pam with 

CXCICI!\C, 11l1l~L'k parn, and J(llllt palll Although Klingman et al (lY) and Wmdehank et 

al (6) IOlllld no llllklencc hdwecn L'a!\cs and contro)s 10 terlll~ of years Sil .:e aeute polio. 

thc slully (l/ Ilal~tead and RO!\~1 (1 X) sugge~ls that it i1- actually the time s10cc aeute polio 

to pl c:o.l'nt 01 10 developmellt 01 PPS Ihat IS more Important than age 1I1 predtCt10g who 

WIll dl'wlllp PPS Thl~ fll1dlllg woulll he COIl!\I~lelll wlth the prcvlOus hypotheMs for PPS 

(S.9) wlllch IInrlles thal HIS al'Iually the Illne !\1!1l'e pollo rather than the chronologlcal 

agc of 11ll' :o.uhjcL't (wllh Ihe normal ageing pwccss) thalls mostlmpnrtant lI1 dctermining 

PPS. lI(lWl'WI, l'llllent age ~hnllld also he studied hecausc of 1l~ association with the 

nOI mal tll opoUL nI motm llL'lII ons Ol)-·H) and wlth the dcclmc 10 growth hormone and 
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somatohledin C wllh the agemg prol'l'~s (.t2"B,..l5--l7), 

Actual sevcnty of weaknc~~ at thl' suhll'l't 's hl·~t pomt aftl'I polHl ha~ nl'\'l'I hl'l'Il 

evaluated. A patient' s pen:cptH Hl 01 1I1CI C,I~l'd wl·a\...nL'~~ l11a~ hl' dcpclldl' ni Upllll l'Ill OIllC 

wcakness. Also, patlenl~ who weil' ~tJl)ngest altl'I thl'II Il'CllVl'ly Illllll pllllO ilia)' al~o 

have hecn more actIve, and may he at grcatcl I\~\... IllI dl'wloplll).! PPS ('lIllcnl M'Wllly 

of weaknc~s would noL he a truc "1I~k lactOl" hl'call~l' II I~ nlll Ol'llllllll).! IHllll III 

dcvclopmenL of PPS. In addIlÎon. PPS patlent!'l will plohahly hl' L'lIlll'IIIIV Wl'.IJ...l'1 Ihall 

controls heeausL or their delïnlllOl1 (1 C PPS La~c~ hilW I1l'W 1\1 1Il1ll .. l. ... l·d wl·a\...lll·~~ 

whcrea~ cOnLmls do l1oL). ThcICIIlIC, ClIllC1l1 wcaklll'~~ lall Iw l'vaillall'd lOI dl· . ..,lIlpIIVl· 

purposcs, however Ills not a truc riS\... lactm III thl' epldl·lHlOlll,!!IL'.tI ... l·IIM' 

Chrome mu~cular overllsc has abo hCl'n hCCIl ~lIggl'~tl'd a:-. a pO ........ lhk llllltllhutll1g 

factor tn PPS hccallse of "overwork" 01 the altcady owIlY-l'llgagl'd pll~l-plllhl molol 

nellron~ (lO). Thll~, physlcal aCLiv1lY, ohcsllY, 1l111~ck palll wllh l·XCILI...,C, ;lIld Il'll'nl 

trauma may hc possihle nsk factor~. Khllgman ct al (Il» IOllnd Ihal \l'u'nl phy~ll'al 

activity was greater and that resldual lhsahJllly wa:-. lowel III PPS p.llll·\I( ... Ihall lllllllllh. 

but that physical aCLlvlty conlllhutcd hule Lo the vanallCl' hdwlTII IhL' IWIl 1:!IOUrl.., 1\ 

lower rcsldual lhsahihty may hl' an II1dlca(O/ 01 overll~l' (wllh il 1e .... ..,CI Il . ..,l' 01 lllt/will 

devices) or even greater acllVlly. Howevcr, Iccent phy."'lcal aLllvlly 1.., Plllhal>ly /loi a.., 

important a~ chrome phy .... lCal acLlVlly ~II1Le wlth the tlevel()pnWIII of PPS, palll·lIl. .... lIlay 

reduce their actlvlly leveb. Ohc"'lty or welgh( galll ha~ hel'Il "'lIg1:!l':-.Il'd " ... d II~k 1 adOl, 

but has never heen evaluated (7). Exercl~lng (0 Lhe P()IIl( 01 lI11hLh' palll will! pm ..... lhll' 

suhseguent museular mJury may aJ...,o he ail IIldlCaloI 01 OV.'llI\l' ('Il'al\llllle 

phosphokinase WhlLh 1~ knowl1 Lo he rclca..,ed hy II1JlIled IllU"'Lle ha.., hL'e/l 100llld 10 he 

highcr in symptomalle po~t-poh() patwrn ... Lhan III a .... ymp(olllallc COllt,,)"" ((» III addillon, 

it may he II1tcrestmg to kn()w where mcrea~ed weakne~~ 1\ mmL IIkely Lo tkvel()p. JI 
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Il1crea .... ed weakne~~ develop .... more frequently 111 the lowcr extrcmltic~, WhlCh are 

preMllJ1ahly at greater n~k for hemg overworked than the upper exlreI111tle~, then il may 

he p()<"~lhle that aCllvlly i\ a contnhutmg lactor. New ~ympt()m~ have hecn round tn 

devclop tWICl! a ... lrequenlly In pallent. ... Wllh weak lower cxtrenl1tle~ than upper extrel1utics 

«() Rell~1I1 lIallma Illay al\o LOlltllhule 10 overll~e, and may hc Important tn study. 

Mu~cJe pain and Imllt parn wIll al~() h.' cvaluated m tlm ~tudy Both may he Indirect 

Il1CaMIIC~ 01 u ... e hccall~e palll. e~pcctally JOInt pa1l1 a~ a n~~lIlt or o~teoanhnll~ may he 

Iclalcd 10 ()hc~Jly III cl'Ilalll l0tnl~, and 10 1I1clca~cd actlvlly (50,51). Altcrnatlvely, pain 

ll1ay pleclpllall' lllCll'a~ed weakne~~ 111 an extremtty hccau~e of the lendcncy of patients 

nol I() lI~C palllllli exlll'Illltle~ wlth the consequent devcloplllcnt of dl~use atrophy in thc 

IIlv()lvcd l'xllCllllly <51) 

Thll~, a lew ... tudle~ have heen wmpleled WhlCh havc Identirled vanahles of 

Imporlance fOI Ihe development of PPS, however lurthel work ln thl~ alCa is mdlcated. 

ThiS slully will attelllpl to suh .... tanllate Ihe previ()u~ WOlk performed on PPS, and to 

analY/l' p()s~lhle alldlllOnal n~k factor~ for H1Is newly rCl'ognllcd ~yndromc. In addition, 

hccau~l' Ielallvl'ly hule I~ !\.lown ahoul PPS, a few dC~Cllrtlve analy~e~ on PPS Will hc 

pCIIOIIllCd. 



METHODS 

Selection of a study design. 

A ca~e-contJ()l de~ign wa~ u~l'd 1111 thls ~tudy. Thb Iype ul lk~lpl was dHlSl'1I 

primarily hecause Il allll\wd etllCll'nt lI~e 01 dala ahl'wJy avall.lhlt' and 11ll' ~11Il,,' 01 

multiple potenttal nsk lactllls 101 PP~. Both caSl'S and C()I1II()I~ Wl'Il' Idl'Illllll'd IIOIll ,1 

physician-refel red po~t-polto C ltl11C al the MOl1tll'al Nell! oing Il''' 1 In~llllIll' ,Ind 11(l~ptlal. 

Montreal, ()uehec. Controls were chosen lrom the ..... aml' populatIOn III p.llll·l1l. .... a~ C,l~l'S 

to allow the study 01 lI~k ractors to whtch holh glOlIp~ 01 p"tlt'IIIS Wl'Il' .... l1 ..... n·pl1hll' 

Because most pallents evaluated Hl lhe chlllc came wlth a ~pl'L"lIIC ll)lllp,lInl(~). mOll' 

cases lhan controls weil' avatlahle lor Lhe ~tlldy. 

The mam dlsadvantages 01 tll1~ study desIgn ale ~ckclllll! hl<ls III lhl' Idl·l!llllI.:aIIOIl 

of cases and controb, and macculacy ln the lecall 01 P()tl'Illlalll~k lacl()l. .... (521 Ikl'allsl' 

subjccts were choscn lrom a h()~pltal-ha~cd l'lime. Ihell' may haw hn'II ail 

overreprc'\cntatlOn 01 IndlVlduals wlth Ihe l11ghe ..... t levd 01 dl~ahlltly 01 lIl'vd '1 lm, Illay 

have heen an advantage lor the ~electI()1! 01 l'a~c~ ~IIICC Ihey Wl'Il' pll'~lIlllahly tll()~l' mOll' 

involved, hut made the Identllrcallon 01 a~ymplolllatil l'OlIlIOh dl//Illlil. Âl!olhel 

difticulty was maccuracy ln the lecall 01 evenl. .... wllIch ()lllll led 2() 01 /lIOle yl':I1 ..... ago. 

In additIOn, asccrlalllment or IIllormatlOll Ol! aUlte polto, olle 01 Ihl' malll poll'lIllal lI~k 

faclors, wa~ prohlemallc hecall~l' 01 the age al whllh Il (JlClIIIL:L1 III lII:tny IIldlvHluaJ.... (I.l' 

at 1 to 2 years or age) IL I~ ohvl()u .... ly dllllluit 01 IIl1pO~""lhk I{) Il'l'all "mil l·WIII. .... , alld 

some patienL .... may have had tn rdy on 1IIIIl/IIla11011 glvcll III IlIelll hy /a/llIly 11H:/IIhl'l .... 

However, acule polto and evenl~ ~urrollndll1g th 1. ... lllne ...... c., lOIli.,lJluted a vely tJ:llllllalll 1 III Il' 

pcnod 111 the IJve~ 01 Jllo~L patlcnl~, and are I<lIr1y WL:II felllL:lllhen:d ('IJ/llc:llexpel !t'IICl' 

mdicalc~ lhat l'ven lhough ..... ome paucmc., may not know LhL: cXdcl deg!l'l' 01 weaklll:i.,i., 

WhlCh occlIrred. lhey do know WhlCh hmh.i., or lunCllof]c., wen.: alkcted Kaukrll'I al (51) 
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vahllalell 1 ~ell-reportell mea~ure), of functlOnal ~tatus (respiratory ~talUs, mohility, anll 

actJvllle~ of dally hVlrlg (ADL» al one yeal po .... t-acllte pollo (provilleli hy patlCnts 20 tn 

10 year ... af 1er acule polIO) wlth IIlculcal rel!)ru aulill uata (l'rom h()~pltal chart~ l'rom lime 

of aculc pollo) 111 a group of P()~I-P()lJo palJent~ and founll that the CO!TelatlOn betwccn 

the Iwo wa .... relatJvely 11Igh (071 10 () X:1). The mmn lIitflclIIty wa~ not a~~c~smcnt of 

whelhel' or not a Uc/Kil 111 a partlcular J unctJ()n had hecn prc~ent, hutln thc dcgrcc of that 

lIe1lcll (51) Thu ........ ome maccuracy III a~~e~lllent of the IIsk factors IS prc~cnt, hut not 

10 MICh a deglcc a~ tn make thclI ~tudy Impo~~lhlc To evaluate thc dcgrcc 01 rl'call 

lI1acClllacy 111 thl~ ~tully, patlcnt fl~call 101 ~()mc ot the vanahlc~ \Vas cO!Tclatcli wIth data 

ohlalllcd Il Olll old h()~pltal charL~. 

Study POI)ulatiun. 

Ca~l's and cont/Ols WCIC illentilicd l'rom a population of patients cvaluatcd in a post

polio dllllC al the Montreal NellfologlCal Instllutc and Hospital (111 Opclatlon SIllCC 19Xo). 

l51 pallenl chaIl. ... 01 ail patlent~ evaluatcd at the clll11c hetween 1 YXA anll March, 1992 

weIl' Il'vll'wcd fOI the ~tudy. PatIents WCIC eIlhcl lelelTcli hy other physlclans or self

Ickrred to thl. ... l'III11C The pll/nal y 1 ea~on why patients came to the clll1Ï<.: wa~ to ohtall1 

II1formallOn and tleatllll'rll for any symptoms whlCh the y were havlI1g. Many patlCnls dlli 

have PPS (lI1l'1cased wl'aknc~~ and latlgul'), hut sOl11e came wllh only pal/1 (such as low 

had. pal/l or fool pall1) In addItIOn. Ml/Ill' a~yll1ptomatlc patlenl~ came to the cllme for 

Ihl' plll pO~l' of ohlallllng 1I1fOl mall0n ahoul PPS, and ahoUl any pos~lhlc preventivc 

l1ll'aSU/l'~ A pll'll'qll1~lte l'or evaluallOn III the dinic I~ a hlslory of paralylÏ<.: polio, 

thL'rl'fOll' viilually ail pallL'lll~ have had acute poho ln a few cascs thc dlagnosis of pasl 

'lI.:utl' patalylll' pollo wa~ que~llllnahlc. and l'llnfllll1atory ekclrodlagnmlle tcsling was 

pCI rornll'd A :-.landanh/l'ù Illsloly and physlcal eXall1I1lal101l lorm (13) was eompletcd 
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for cach patient at the tlllle of the IIlI11al visit (sel' Appl'ndl\). and a tllllllHlgh Illcdll'al 

history and phy~ical examlllutlOn \Vas pellllfn1l'd on l':tch p.lltl'nt .II Ih,t! IIIIlC rh 1.'" 

provided ~tandan.lllcd intormal1on on ail patll'.ns l'valuall'd 1Il \Ill' l'I1111l' WIll'll 

appropriate, dIagnosllc tests were alsll pell 01 nlL'd 10 IlIk ou t 01 hCi l.tll:-.C'" lOI IIIl' p.lt Il'nt' s 

symptoms as part 01 thl~ initiai l'valuatIon. Thl~ 1I11tlai data 1Illkl'tlllll w.t:-. Pl'Iltllllll'd hy 

either Dr. Dana Trojan, a chl1Jcal and leM'all'h il'ilow. III DI Nell ('.1, ... llIll.IIl, a wl'II

rccogllll.ed expert 111 the al ca. A :-'111all plOplllllllll « lOt,; ) (II patll'Ilt d.!ta l'Illkelllllls 

were performed hy a neurology le~ltkllt, Iwwevl'I ail patll'Ilt:-. (IIlCllldlllg tho:-.c :-'l'l'II Ilv DI 

Daria TroJan) wcre abo revlewcd WIth DI Nell Cash man Inllllln,ttlnl1 lOI l'Il)llhlhty 

criteria, for cntena lm dcterminatlOll 01 l'a~e/contlOl :-.tatu:-., and It H IIS~ 1 al tOI. ... was 

ohtained l'rom the standalth/ed hlstOly and phy~lLal eXaJ1llllatlon Il)J\ll.., lOlllph'tl'd 101 

each pattent, and the Imttal detalled hl~tory alld phY"'ll'all'xallllllatHlIl 'l'hl' Il·:-.lIlt. ... 01 ally 

neccssary lahOlatory If1ve~l1gatJ(m.., (whlch weil' pl'llOlllled 1I1l1lll'dlatl'ly altl'I tlm 

extenMve inItial evalual1on) were u:-.ed for exclll,"'Hln oll .. :-.e:-. and Ullltllll.., IWIIl thl' :-.tlldy 

Some pattent~ 111 the chnie weil.' ~cen only (lIlCl', whcll'a:-. othl'I:-' Wl·h.' ..,el·1l 011 a IlHlIl' 

regular or Irequent hasl~. To prevent any hla~ alJ:-'llIg IJUIll lI:-'l~ 01 data uhtaJlIl~d on 

follow-up vlsit~ on a proportIOn 01 the dlf11c populatlOlI, ollly data ohtalllcd 110111 thl' 

initÏé" .11tervww and the immediatcly foJ\owlllg lahol atOi y III w.,tl,gat 1011:-' Wl.'Il' lI:-'l'd 1 ()J 

the study. 

Identification of cases. 

Cases of PPS were lùenttllCù hy a chart leVlew 01 pattent..., evaillaled al the Montreal 

Neurologieal In~tJtute A total 01 127 ca~e ... were loulld Cntella 1 ()/ PPS c<t..,e,,, weIl.' 

hased on tho....c ~ugge~ted hy Muldel et al (4), and Includeo the lolloWJlIg 

1. A creolhle hl~tory <lI pa~t paralytlc po!tomyeln", (1 e ail IIIIlC..," l.haJ(l( .. teJJl.Cd hy 



25 

high fever, /ollowed hy mu!\cular weaknc~s). 

2. InitiaI partial or complctt: recovery of functlon. 

" At Iea~l 10 ycar~ (lI funcllOnal ~tahlltty following initial rccovcry. 

4. New sylllrt()lll~ 01 tncrca~cd or new muscular wcakncs~, and fatigue (muscular 

and/or gCllclal) Mu~cular latlgut: wa~ dcllœd as mcrcasmg muscular wcakness 

O/l exerllOll, whlch ImplOvcd wtth rcst. Symptoms of pam may or may not havc 

heen pre .... cllt 

Excltl. ... lOn cnlcna: 

1. Prescnce 01 medteal conditions WhlCh cou Id producc wcakness and fatigue. These 

IIlcluded slgl11ltcanl cardwc dlseasc (that requ1l1ng treatment with mcdlcatlOns), 

chromc ohstructlve pulmonary disease, cancer, cmhmis, deprcssion, 

hypothyr oldl~rn, anl'l11la, connecl1 ve lJs~ue dl~easl'~, chromc tnlectlOn, dlabctes 

rnellttus, and ChlOll1l: renal larlure. 

2. Presence or olher CI lIH.:urrcnt neurological dlsorders WhlCh could produce wcakness 

and fatigue (e.g. penphctal neuropathy, stroke, Parkinson's disease, 

radiculopathll's, spinal ~te!1()~IS wIlh myelopathy). 

l PreSl'nCl~ 01 Sl'vele pall1 wl11l,h could make the dllfcrentiation hetwccn pam and 

l11uscular wl'akne .... ~ dlllteull The presence 01 this dirtïculty would have becn 

ll1entlOncd 111 thc Impll'SSW!1 as parL (lI thl' Inttial cvaluauon. 

4. Symptlllm nI cllhl'I I1l'W weakness or fatlguc (mu~cular and/or general). (I.c. if 

li patlcnt hall cHhcr ncw weakne~s or fatIgue, they were not considcrcd ln be a 

casc ). 

Identification of borderline cases. 

A group 01 h(lJdcI11l1l' C;"scs was also idcntified. Borderline cases met the usual 
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criteria for cases as plevlOlI~ly desl:rihed. hut hall ncw syl11J1tom~ 01 l'Ithl'I \waklll'ss III 

fatigue (Le. not hOlh). The tolal nUl11hl'1 ot" hOldcllll1l' L,ISL'!'> lliL'nlllll'd \\'.I!'> 2). 11Vl' 01 

these patients wmplamed or only ncw weaknl's~ (Il'. no lallgul'), and 20 Clllllpl.lllll'd 01 

only new 1 atigue. Thll~ cntena lor hlll derh ne ca~l'S \\'l'Il' 11ll' 1011\ IWlIlg 

1. A credlhle hl~tory 01 past paralytlc p()ltomyl'lltl~ (Il' an IlInl'~~ dlawLlcllIl'd hy 

hlgh lever, followed hy mll~nllaJ wl.'a"l1e~~). 

2. Inilial partial or complete lel:ovcly 01 luncll, lI. 

3. At least 1 () yeaI~ of flllH:tlOnal ~lahlhly lollowlIlg Il11llal rl'COVl.'1 y 

4. New symptom~ of tncreased III new l11u~culal weaknl'~s. !!! lallglll' (lIlllSClilal 

and/or general) MusclIlar fatigue wa.'> delllled a~ IIlCll'a,'>III)! 1ll1l~l'lIlaJ Wl'a"lIl'~s 

on exertjon. whlCh Impl()Ve~ wllh re~t. SyI11Pl()l11~ 01 palll llIay 01 Illay Ilot haVI' 

hcen present. 

Exclusion cntena: 

1. Presence (lI medu.:al wndttiom whu.:h could plodun' wcaklll'.'>,'> and lall,!!uI', 

2. Presence of other concurrent nCUlologlcal ÙISOldcI~ wlllch l:ould prodllcl' wl'aklll'~S 

and fatigue. 

3. Presence 01 severe pam. 

4. Sympt()m~ 01 hoth new weakness and lalIgue (mll~elliar and/or gencl al) 

Identification of controls. 

Control~ were abo Identl/ted throllgh a l'hart Icvlew 01 patlcnt.,> cvalualcd al Ilw P()~l

polio c Iinic at the Montrcal NClIrol oglCal In~tllUtc. Ine Ill~lOn and l'xLi U '>1011 Cil tClla lor 

<.:ontrob werc the ~amc a~ thme lm casc~ wllh lhc CXcepl101l 01 Ihe p,e,>ence nI new 

sympt()m~ of IIlcreascd or ncw mll~l:lIlar weakne~~. and lal1guc a,> ail I/1Llu'>l()n LfltCflî1. 

Thercfore. sclectlon cntena for controb werc lhe 1()lIowlllg: 



27 

Inclu~JOn cnLena: 

1. A cre(hhle hlslory 01 pa~l paralyllc pohomyelitls (i.e. an illness characlerized by 

high lever, lolloweu hy mu~cular weakness). 

2 1 muai partial or complele recovery of 1 unction. 

1. At least 10 year~ of luncl!onal .,lahi lit y followmg initial rccovery. 

4 Palll Illay ()J may not have heen pre~enl. 

ExclusIOn cnLena 

1. New symplOlm. 01 InClea~eu ()J new muscular wcakness, and fatigue (muscular 

and/or genel al) Fallguc ~econdary lo Ilhmmyalgia may have heen present. 

2. Presence 01 mc(lIcal condll1()n~ wlllch coulo produce weakncss and fatigue. Thcsc 

mcluded slglll/lcant calOIaC ul~ca~e (that requinng lrealment with meuicatlOns), 

chromc oh."U ucli ve pul nwnm y uisease, cancer, cmhosl~, depresslOn, 

hypolhylOldlslll, ane 111 Ill, COllncctlve l1~~ue dl~edsc, chronic mfection, diabctes 

mellilu~, ami l'hlomc renal fallurc. 

1. Presencc 01 nlhl'I CO!1ClIIICnl ncuJOlogical oisorder~ which could produce weakness 

amI /allguc (c g. pCllphl'l1t1 Ilcumpalhy, slJOke, Parkinson's disease, 

IadH:lIl(lpalhlc~, ~pll1al slcno~l~ wllh myelopalhy). 

4. Pre~l'nl'l' 01 ~cvell' pall1 whlLh l'oulu make lhe dilll:rentlalion hetwecn pain and 

mll~l'lIlal wca~nc~~ dl/Ilcuil Thc prescnce of lhis uIJTICUIty would have bcen 

ml'11l101lCLl 111 lhe Impre~~I()n a~ part of the II1llial cvaluation. 

A L'Opy 0/ thc fmlll lI~cd lo dclcrl1l1llc Chglhllily for the sludy, and for delerminatlOll 

of l'<ISe/l'Ollll ni ~la lus IS mcluded III l he Appc lldix. 

Dnhl collectioll. 

Dala WCll' ohtaÎm:o l'rom a l'haIt revlcw of paticnts secn allhe MonlreaI Ncurologieal 
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lnstitutl' pnst-polto c11111C A log 01 l'M:lulieù l'iISe~ and l'lllltlllb \'.IS J..l'PI. .tI\lll~ \Vllh 

mfonlliitlOn on Ica~om lor exclusion. One hUllllled and 'I:>.ty-t\\ Il palll'l1t~ IIIH11 .\ Illtal 

of 153 were exduued Data on llll' lollll\vlIlg tndq1l'lhk'nl \'allahk~ W.I:-- Ilhlallll'd 

l. Dale of hirth. 

2. Sex 

3. Date of lI1iltal l'valuatIOn. 

4. Rater whll perfolllleù thL' Il11l1al 111 leI vlew alld physlCal l' xalll 1I11ltll 111 

5. Age al Hcule pollo 

6. Age (at tune 01 \Il1ttal evaluallon). 

7. Latem:y ()J time in ycars hetweel1 anJle polto and plcsellt (tUllL' III Imtlal 

l'valuatIOn). 

X. Time new ~ymptoll1~ have heen present (a~ 01 1I11llal l'valuatIOn). 

9. Presence 01 palll (mmcular anù/or loull. yes 01 no). 

10. LocatlOl1 01 palJ1 (1 c. lJ1 Wllll:h 01 IOUI L'xtlelllltlL'~ 01 hack) 

Il. Pre~enœ 01 new 1ll1l~ClIlaJ allllphy (ye:-. or no). 

12. LocaLIO/1 III atlOphy (Ill wllll:h 01 loUl eXLrelllltle~). 

11. Seventy 01 weakne~:-. al aClllc pollo (rnea:-,uled ()Il a () 10 () :-.call') DC1-'ICl' 01 

weaknes~ III c<tch 01 4 eXlrCll1ltlc~ and lor re~rllat()/y. ~pl~cl'h/,wall()WIIl)! IIIIICllo!J 

was abo lecorùeu 

14. Scventy (lI weakllc~~ al hc:-.l f)()11l1 aller aCLlle poll() (ml'a\lIlcd o!J il (J to () \<...all') 

Dcgree 01 wcakm.'~~ III cach 01 4 cxtrcmllle\ anù loI' IC~pllat(}ly, 

~recch/:-.wailowlllg IU/1cLIO/1 wa~ abo rculldeù. 

15. CUITent ~cvertty 01 wcaknc~~ (al lIme oJ Illlllai l'valuatIOn, Illca . ..,lllcd 0]) il (J 10 (, 

i-.calc). D~grec 01 wcakne\.., ln each 01 4 cxtrcllllllC\ and lOI le"plraloly. 

sp~ech/:-.wallowlng 1 unclion wai-. ul\o Iccorded. 
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16. Reeovery aller pollo (dJ/krence helween weakne~~ al lime of aeutc polio and 

weakne~.., al he..,1 p0ll11 aller poilo> 

17. !fo"pllall/allo/1 al lllne 01 aeute pollo (ye~ or no). 

1 X. Re",plratory IIlv()lvement al lllne 01 aeule polio (ye~ or no). 

19. Length ()I ho"'pIlalllatlOn al llllle 01 aeute pollo (in monlhs). 

2() Pre..,ence 01 mU . ..,c1e palll wllh exerel~e (ye . .., or no). 

21 DI~ahlhty IIldex al he . ..,1 pOll1t alter aeute pollo (mea~ured on a 0 to 5 seale). 

22 DI~ahlllly IIldex dt pre~ent (Illea . ..,ured on a () to 5 seale). 

21 Repu/led recelll welght gaIn (WIthlO the la~l 5 years~ yes or no). 

24 Phy~lcal alllvlly IIldex (lI~ual aellvlly hcfore ()n~el of PPS for cases, usual activity 

lOI (·'Hllrob). 

25. I~eccnl maJOI Irauma (wIlh1l1 la~l 5 year1\; yes or no). 

26 Ple~ent molOl Mrenglh ~Cllie 111 each of 4 eXlremitte~ (based on physical 

eXamll1atlO1l al 111ne 01 IIlltlal vl...,Il). 

Sc Willy of weakl1e~~ wa~ Il1ca~U1ed wIlh lhrcc dlffcrent wcakne~s ~cvcrity scores 

(wllh deelea~lI1g degll'e (lI aeclIfaly) al eaeh 01 lhree tllnc~: al ltme of aeute polio, at 

hesl pOllll aller aL'lltc pol)(l. and al ple~cnl The pllmary method wa~ "the most aeeurate," 

and wa~ lI~ed lor 11ll' I1Utln analy~e~ 111 the ~tudy Ail thret~ mca~ure~ produœd scores 

lallg\l1g 1111111 () III 6. whelc () relelll'd 10 a normal mdlVlduaI. and () lu a (;omplelely 

palaly/cd 1I1t!lvldual Thrcc dllfcrent w~aknc~~ ~cwnly ~cales wcrc computed for each 

palll'Ilt tn j1lllvlde dala lor a j11c!lInmary analy~ls (lI the u~erulne~~ and valithty of varying 

dl'gll'l'~ III aecural.)' 111 e~lIl11altng weaknc~~ (as a ~lIhanaly~l~ for L111~ ~tudy) and for any 

11Illlll' analyM.· . .., 

The pl 1111<11 y method 1'01 calculallOn of scverity of weakne~s (and that eonsidered to 

Iw llll' prIm,([ y melhoJ fOI data analysl~) wa~ ha~ed on pattenl estimales of percent 
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wcakness in eaeh of four Iimhs. and fOI nnpaillnenl of spl'ech/~\\allllWIll~ and Il'Spllalmy 

funetlon. Dunng the mlttal 111 lerv le w. l'al'h pallcnl wa~ a~kl'd III 1 all' 11ll' amnlllll 01 

weakne~~ in caeh 01 four IImh~ lrom () tn W() (() hl'lIlg l'llll1pkll'ly p.II,II~/cd. and 100 

being normal or not paraly/cù) dt l'aeh of thlcc lunc Ik'llod\ A)O \\,,, ... a .... ~l~nl'd 101 

sorne respiratory Involvement. and a () l'Ill Il'spilatllly II1vnIVl'nll'1l1 Il'qulllng llM' Ilt a 

ventilator. A 50 wa~ aS~lgncù for ~ome I()~~ 01 ~pl'cl'h and/or ~willlo\Vlng. ,mL! il () 101 

complete lo~~ of ~peeeh and/m swallowing. Eal'h III thl'~e ~I \ Ilg Ull· .... \\'.t~ .... 11 hl 1 al·ted 1 Will 

IOO, and a slIm total of ail SIX ohtalllcù. Thl~ tolal ~COll' wa~ Ihl'II dlvldcd hy !OO ln 

makc the final seale casier to Interprctlll futthl'I analy~l'~ ln tllI~ way ...... l'all' lilllglllg 

[rom () to 6 wa~ produced. A ~ample calculatlon 01 tlll~ wl'a"'Ill'~~ ~l'vl'Illy ~l"llIl' IS 

presented In Tahle 1. 

For the second method 01 eakulatlOn 01 ~evcllly 01 wl·aknc ......... pallcnl l'~lllIIall·~ 01 

seventy of weakne~s 111 eaeh of loUl limh~ weIl' dlvllled IIlto qllaltllc\ hll Ihl' 111 .... 1 

quartile (0 - 25) a value of 12.5 wa~ a~~lgned. lOI thL' ~ewlld t)uallik (l() - 50) il n.) WiI~ 

assigncd. lor the thinJ quartIle (51 - 75) a ()25 wa ... a~~lgncd. and 101 thl' 1 III Il th qllallrll' 

an X7.5 was he aS~lgned. A 50 wa~ a~slgned lor ~()I1lC le~pll atllly IIlVOIVl'llIl'llt, and a 

() for respiratory II1volvement reqlllrlng u~e 01 il venl1latOl A 50 wa ... a\ .... lglIl'd lOI "'0I11l' 

loss 01 speech and/or ~wall()wing, and a 0 lor (;omplcte lo~ .... 01 ~pcl'ch andltl/ "'Wdllowllig. 

These ~ix ttgure~ were ~uhtracteù lrom 100, anù a ~um total (lI ail .\lX ohtillllcd 'l'hl .... 

total ~core wa~ then ùlvideù hy 100 to aIllVe at the IlIlal total ... eullHJ ... evl'/lly 01 w(~akllL'\'" 

measurc. 

For the thlrù methoù of calculallon 01 ~evellly 01 weakne ... ~, a 1 wa'. a ... \lglIl'd 101 illly 

weakne~!oI In any of lour Itmh~ (I.e. a paLlent e~tllnate 01 weakne ...... 01 le ...... Ihan J (JO), itnd 

for any ùy~runctlOn (lI ~pee(;h anù/or ~wailowlllg, and re .... pllatory IUIl(;tl(1I1 TIIlI\, a ... cole 

of () tn 6 was ohtaineLl hy thl~ methoù, and lor the lwo melh()ù ... plcvj()u ... ly de"'lnhetl 
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The recovery ~core wa." abo mea~lIred on a () tn 6 scale where () referred tn no 

recovery, and () re/el/cd ln complete recovery /ollowmg complete paraly~l~ at llme of 

éteule pollo. Tlm "cole wa\ alllved al ny calculall'Ig the dllferem:e netween ~everity of 

weaklw~~ al lIme (II acule pollo wIlh ~everrty 01 weaknl'~ ... at he~t pOInt alter acute poho, 

Three rl'(.()wry ... Ulrl''' werl' onlalllcd hl'call~e three I11l'a~U/e~ of ~eventy of wcaknet-.s werl' 

calculaled 

An <IlllnulallOf1 dl ... anlllty IIldex (modrlïed l'rom one developed hy Khngman and co

WOI kel ~ (19)) wa .. al. ... o cnmpuled al reporled he~l pOInt alter acute POlIO, and at time of 

l/lltlal l'valuatIon Il langed "Olll () to 5, and wa~ calclliated as f()lI()w~' () = no 

IU/lL'llonal dr~ahIlty, 1 = mIld thlllculty wlth amhulation without need lor hrace~, 2 = 

1110delate dlllIClilty wllh amhlllatlOn wllh need lOf hraces, 3 = ~evere dllficulty wlth 

amhlllallo\1 wIlh need lOI hrace~ lOf ~hort dl~tances, and a wheelchaIr for longer distances, 

4 = ~l~Vell' dl~ahllIty, wheelchall hound, 5 = total dl,l,ahIllly and hedndllen 

Physlcal aetlvlty hl'lOJe onsel 01 PPS lor ca~es, and reecnt physlcal m':llvlty for 

conllols wa,l, L'alL'lllated ln Ihe lollowll1g mannel (slIllllar to that lIsed hy Khngman et al 

( 1 t»): 1 = IIttle or 110 legular pmtlclpatlOn III ,l,p()rt~, manual lahol", or walkmg, 2 = 

occas\!lnal IIwderale ~P()[ls acllvlly (2:: 20 1ll1l1~) one to two tl/nes per week, and/or nHld 

to 111lltk'1 ate dcm.tllt],l, al WOI k and at home (fre411enl amhlllatlOn lOf ,l,evelal hour~ at a 

IUllC (II OCla,l,lOnalltghIII1t1l1g), 1 = Irequent palllClpallOn 111 ~port~ (;?:: tn 20 ml1l~ or more 

1 wu 01 III (lfl' IIJl1L',I, pCI WCl' k). and/or mode) ate 10 heavy aell Villes al work or home (c.g. 

Ir cq 1Il' Il 1 heavy 1IlIlllg (li lllal1l1al lahm). 

Molor ,l,lIenglh al llllle 01 I/1ll1al evaluaLlOn 1/1 cach 01 two upper cxtre/1HtlCs was 

l'sltl1lall'd. DUtll1g the HlItlal phY,I,lcal eXal11l1latlOn, motor strenglh in each of 5 muscle 

gIOUP!\ tdcltOld, hll·Cp,I,. lltccp .... WlI,I,t exlen,l,m,l,. hand intnnsic,l,) was l11ea~U1ed on a 0 to 

5 MedICal Rl',I,eatdl ('oullcii (MRCl ~cale (53). The MRC ~calc ),1, a commonly used 
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measurc of muscular sLrenglh wl11l:h I~ applted dunng a l.'hl11rallll·lIIlllll~~,Il'all'~ .. lllllllal1llll 

or a patient. The l1lolor sLIenglh 111 lhl' hal1ll 1I111111~11' 1l1ll~L'k~ \\ ,t~ 1ll11lllphl'd h\' ~ .... lllu· 

the hand IS hy lar the m()~t nnpotlal1l p.Ul 01 LIll' l'nlllC li P pl' 1 1.·,\!H·Il\I\V \ \lI p.llll.·lll~ .\Il\! 

in any dlsahJltty evalualioll. and 1l~ l.'OlllllhullIlll 10 IWIl'l'I\'l'd 11l1.lI llppl'i n.lll'llllly 

weak.less wlll he lhe grealesl. The lesllll~ ohlalllcd IIlI l'arh Illll~l'k gl\lllp WI.'II.' addl'd 

for each upper l'xtremlly for a tolal pO~~1 hk ~l.'OIl· 1 anglllg IWIll () III ,0 wll Il 0 hl'lIlg 

completely paraly/ed and 1(} hemg Ilormal nW[(lI ~lll'nglh 

Motor strcngth al tlllle of IllIual evaluallon III l'adJ II/ IWo lllWl'1 l·\III.·lllllll· .... wa~ al. ... o 

estimated hy an mdex. Dunng lhe 10111al phys1l.'all·xamIlJallol1. \1\\1101 ~1t1.'11)!lh III l'ill'h 

of 5 mm.,c1e groups (hll1 tlexors. tJuadlll:eps. hal11~lllIlg ..... dO!. ... 11 !eXIlI .... plalllaii k'w!. ... ) wa .... 

rneasurcd on a () tu 5 MRC :-.cale. The result. ... ohlallll'd lOI l·al.'h Illll. ... l'Il' ,!!IIIIIP lOI l'adJ 

lower extrernlty were added for il lolal posslhle :-'CIlIC langlllg IIOIll () III 2). will! Il 11l'11I~ 

complctcly paraly/ed, and 25 hl'mg nOllllal motor ~llellgll! 

Missing values for independent variables. 

A prelimlllaJ y analy~ls ddnc hy the i1l1thor ()Jl the IlIsl 127 palJenl~ ~el'II al lhl' 

Montreal Neurologkal IJl!o.titute r()~I-p()h() chnlc (lhe:-.e 127 palle ni ... weil' Ilol Ihl' PPS 

cases USCÙ 111 the pre~ent ~tlldy) levealcd that loI' tlHee vallahie .... Wl'aklll· ... :-. al illllll' p()llo, 

weakness at hcst pOInt aILer acule pollo, and cOIl:-.eqlll'lllly llH' Il'UlVl'IY \lOll', 

approxlmately 1W4 01 pallent\ hall J1l1~~tng value.... The nlhl'I valldh!t· ... h .. d l"'l'IlIJally 

no misslllg value~ Tlm wa~ under~landahle \11 vlew 01 the lal! thal lOI Illally paill'Ill\, 

acute pollo occurreù at a very young age. Abo. lOI ~()me palll~nl.\ Il wa ... Ifll(ln ...... lhle ln 

quantitatc amount of weakne~~ on a () to 1 (JO ~L.alc Ifowever, heUlu ... e al ka\t ,()lIle dala 

were aVallahle on mo~t :-.uhlect~, e~LJJl1ate ... (lI weakne ...... at illllte pO/Hl Wl'Ie Illade dllllll!! 

thl~ ~tlldy if ~ome mlormatlOn wa ... pre.\enl Il a rallent .... taled lhal ail exlll~"llly wa ... 



mvoJved, hut that ùegrce of IIlvolvement was not known (e.g. partial vs complete), then 

li 25 wa~ Imputeù for that hmh, anJ a 50 for speech/~wall()wJng or re~plratory lunctlOn. 

Il a hmh or luncllOn wa . ., partwlly IIlvolved a 50'A wa~ a~cllhed. If a patIent had no 

k/1owJedge as to Iflvolvement of hmh~ m the past, no estimates were Imputed. 

Rcliability of selection of case/control status and validity of sorne independent 

variahlc~. 

The lelJahlllty or the a~se~~ment 01 whether a patient was a PPS ca~e or post-polio 

l'On tlO 1 wlllwlIt PPS wa~ e~tllllated Ca~e a~cerLainment for PPS can he dlfticult ln some 

sllllallon~ slflœ no deflllltivc dIagnostIc te~t is currently availahle (14) ln addition, 

hecallse the ~anw IIldlV)(jual wa~ ùetermmmg ca~e/control status, and performmg thc 

analysb. sOl1le ~electl()n hJa~ may have heen pre~cnl. For thcse reason~, 10 order to 

dcterllllllc agreemcnt hetwcl'n two as~cs~m~ (mtcr-ratcr rehahlllty), a ranùom sample of 

1 ()fi( 01 thc ca~c~ and control:-. wCle revieweù hy Dr Nell Cashman, and case/control 

statll~ wa!\ aS~lgl1l'd to thl'se patienl~ hy hll11 

The vahdlly 01 a few 01 the nsk f actor~ wa1-. esl1mated. lndependent variables that 

weIl' vahdated IIlduded seventy or weakness at time of aLute pollo, age at aCllte polio, 

length 01 hIlS(Htall/at)(}l1, and Cllnelll ~eventy 1'1' weakness. The flr1-.t thlec van ables were 

vallllatl'd hy rl'que~llflg old h()~pllal lecord!\ for ail case~ and cont101s who were 

hospltalllcd III po."!\lhly hospllailled III thc Montleal area. Only charL'i on patients 

ho~pllalJ/l'd 111 MOl1lt l'al weIl' lIsl'd 111 thls analysis to Improve the efficlency and 

kaslhllJly 01 LhlS Mlh-~tudy. Lellels and consent forms for permissIOn to review nId 

hll~pJtal Il'COItb Wl'Il' sent tll X7 patients. Flrty-two patlenL'i retllrned slgned consent 

IUIIllS 10 allow thl' alllhor III review old hospIlai charts. Rcquesl~ fOI copies of nId 
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hospital l'harts were suhmitted for 4) palll'nis hospttaltll'u III MOlltteal hnsptlab al 11ll' 

time of acule pollo. Rl'~pol1~e~ lrom Ihe Il\l~pllab Wl'Il' Il'Cl'I\'l'd lm 41 palll'Ill~ 

U nforlunately, M Hlle of the data ohlall1ed weIL' Vl'I y 1 I1L'OIll pkll' 

(approximalely JO) old hosptlal rl'L'Old~ lOI h(l~ptlall/alIl11l .... hl'lllJl' 19()() had hl'l'Il 

dcstroycd. The author revlewed mlCllllldll'~ 01 Il'L'(lld~ 11Il X palll'Ilt. ... 11Il .... pllalt/l'd al lhe 

Montreal Children's Hospttal. Thu~. da la on "L'lual degll'l' III Wl'aklll'~'" al alllll' [llllHl wa~ 

avallahlc on Il) patients. Becall~e 1110sl01 Ihl' old ho~ptlal dl.lll~ Ilhlalllcd dld 1101 IIIdudl' 

accurate assessmcnts of muscle ~trcl1gth (1 c MRC (51) IllCa.\Ull·IIH·nl.\ III IIll1.\lUlal 

strength 111 l11u~cle group~), hut only gencral l.lc~CllptIOI1~ 01 dCgll'l' III p,lIalv:-'I:-', Il wa~ 

impossihle to calculatc motO\' sllcngth ~COIC:-' 1111 ail palll'III.-, Thl'Ielllll', \llIly .. IWlu'nt 

wcakness ~core at lllne of acute polto wa~ calculatcd lOI l'adl \II 1\l1I1 1111111:-., alld 101 

lmpairmcnt of re~pllallon and :-.peech/swallowll1g Il (lili hm.pil,tI Il·L'llld.\ IlIlIllall'd Ihal 

a hmh was completcly paralyt.ed, a 0 wa~ aS~lglled, Il allllosl cOlllpll'll'ly p,lIaly/cd wllh 

trace muscular l110vcments a 10, Il palttally randy/cd a 50. Il allllo:-.l III)IIl1al III "'IIl'Il).!lh 

a 90, and If normal 111 ~trcngth a J()() wa~ a~~lglled. Deglcl' 01 IllvolVl'Il11~lll (lI Il''''pllaloly 

functÎon and ~recchhwallowll1g 1 unctlOl1 110111 ollI ho~pllal 1 l'LIli d .... W d ... L' ... lllllalcd III llll' 

same manner as de .... cnhed loI' the wcakne:-.:-. :-.eveilly .... L()le~ "hl' pCILl'lI! ... tO\l· ... I)hlallll'd 

for eaeh hmh and functlOn l'rom old ho .... pltal chaIl. ... weIl' lI ... cd l(l C(llll/Hlll' il wl'aklll' .... :-. 

scvcnty score (as de~cl1hed Cal 11er m the Metll()d ....... ectlOn), and lhclI 11111., .... L()/l· wa ... 

correlated wlth pallent e .... tll11ate~ 01 deglcc 01 weaknc ...... lOI caLiI IlIlIh alld IlHlLllOII l\J!c 

at aeutc polio and lcngth ()I h()~ptlalllallOIl weIl' leaddy aV;lIlahlc IlOnl old /l'wllb 

Present seventy of weakne ... ~ (percent ... LOre) repor ted hy eaLiI l',I ... e and l'()111/()1 wa ... 

eorrelated wah the mot()r .... treng th ~Lore (ohtamed Ilom thc ph Y"'lcal cxallllll,ltlOIl al IIIIIC 

of Îmtlal l'ValuatIOn) lm eaen extrenllty lor each pallent '[ hu ... , the L()lILlIIICIlI LI tI\.:II()II

oriented vahdlly' :\1 .. llll1e ot the retro~pectlvely gathell:d and lUlreutly avallahlc data wa~ 
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l~slimaled. 

The e(>n.~tluel valldlty 01 the ~evenly 01 weaknes~ mea~ure il~elf wa~ also evaluatcd. 

Thi~ wa~ donc hy UlrIelaltng ~evenly of weakne~~ at tune of acllle poho with length of 

ho~prtall:lat)(l11 al lime of aeule polro ln addition, the mean ~everity of weakncss at lime 

(lI Hcule polIO 101 Iho.\e patlent\ who were hospllalLœd wa~ compared wlth thosc who 

wele not ho.\pltalll,ed, 

Data anulysis. 

The slatlslrcal packages u~ed for data analysls were SAS (SAS Institute Inc., SAS 

('"cie, P.O Box XO()(), Cary, NC 27512 USA), and BMDP (I9XX version, BMDP 

Slallsllcal Software, Ine., 1440 Sepulveda Blvd, Lo~ Angeles, CA 90025 USA). SAS was 

used lor calculalloll 01 dcscllpllve ~tatlstrc~, t-test~, X~ te~L~, correlatioll coefticiellts, 

co Il lI1ea1 Ily analy~I~, and oullrer analysl~. BMDP was u~ed for univanatc and muItivariate 

Illglsllc legres:-,mn modelrng. 

1. Relrahll Jty of c.t~dcontrol stalU~ and valrdity of some 0/ risk factors. 

'1'0 ilsses~ the 1I11CI-1 iller relrahi Ir ty of ca~e/control statu~, lO'k, (n = 10) of the choscn 

casc.~ and conlrol~ weil' rl'vlcwcd hy Dr Nell Cashman, and case/control status was also 

aS~lgnl'd hy 111111 Thl' pCI cent agi cement ~COI c was corrcclcd 1'01 chance agreement by 

caklilallllg coclllClenl Kappa (54) 

(oh~L'1 ved plOpOI lIOn - exnccted proportIOn) 
K = (LO - expecled proportIOIl) 

An II1lel-rall" pcrn' nt agi cement ~core of al least 9()1h' was cxpccled prior to continuation 

of Ihe sllldy. 

The conclillenl cnlcl;on-ollcnled validily of a few of lhe risk factors (severity of 
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weakness at ume of m:ute poho, age al anJte poho, kngth 01 hospIlah/allUll. alllll'llill'Ilt 

scventy or weakne~~) wa~ a~~es~ed hy l'ollL'latlllg patll'nt .lss\.'s~n1l'nl~ III lh\.'M' val Jahk~ 

with dala ohtained rwm old hllspllal 1 L'l'Ol d~ (l III l'a~l'~ .Ind WllllOb ho:.ptlallll'd 111 Ihl' 

Montreal an~a), and phy~ll'al L'Xall1ll1alHIIl al 1Illllall'valu.I1HlII hll ail L'a:.\.':-. .\I1d l'OlllJob 

For current severity 01 wcaknct-s. eadl CXtlCI111ty wa~ lll.'alni :-'1.'p.".Ill.'ly A Pl'alSlln 

correlation cncl'ftctent was calculaled fOI each 01 t1h.~Sl' .~ vallahk:-. \1\ addltHHl, 11h' I1l1.'al\S 

of patient esltlnates :lI1d mean~ 01 \."."III11ales ohlallll'd Il (lm old ho:-.pllal ch.lIls on Ihl' III sI 

3 vanahles were comp,lIed wlth the unpalll'll He:.!. 

The c()n~" ICt vahdity 01 the mea:-.ure 01 Sl'verny or wl'akll\'~:-' al aUlI\.' pollo IIll'aStll\.' 

W '\ cvaluatcd hy calclllatmg a Pear~on cOIlelalloll COL'lIlC1l'nl lOI Ihl' IWI) vallahll'~ 01 

severity or wcakne~s at lime 01 acute polio wlth lenglh III ho~pltah/al\(lll ln adtl!llOll, 

mean severity 01 weaknet-s at tll11e or acule po!tn wa." cOlllpaled hl'Iwl'\.'n thm\.' palll'III." 

hospitahl'ed and not hospllali/ed wlth an unpmrcd He."t 

The relationshlp hl'Lween the IWo vanahll':-. nI Icnglh 01 Will' .... mcc aultL' Pllilo and age 

al acute pollo, and n~callmaccllracy nI :-.cvellty III anlle pollo wa:-. a 1 ... 0 l~vaillall'd Rcrall 

macclIracy was I11l'asured :,~ the thllcll'nce 111 the weaklll''':-' :-'l'Vl'Illy "COll' (ha."ed Ol! 

pattent esltmates) and weaknc:-.:-. :-.eventy :-'C(IIC (ha:-.ed 011 old ho:-,pltaliccoi d .... ) l1nlvallalL' 

lincar regres~ton 01 lcnglh of t1l11e :-.mcc acule pollo on 1 elall III ,Il" UII al y, and 01 age al 

acule polIo on recallmaccuracy wa:-. perlolllleJ. UnloltUnall'ly, lhe l'Ill'cllll ca:-'l/c()llllOl 

status on rl'call 1I1accuracy wa~ tmpo:-'~Ihlc l() evalualc hecall~e weakne ...... \eVt'llly ~ulle:-. 

(hased on old ho~rttal rl'c()rd~) were avallahle on only 2 cor!llol\ (alld 17 ca"c.\,) 
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2 ()uLlier anal y~I~. 

To check Lhe data lor error~ m data entry, and for ouLlicr1-., an ouLlIer analysis was 

perlol/net! by lo()klllg aL range,> 01 mdependenL vanahlcs, and hy calculating levcrage for 

each oh~crvdtl()n OuLlter. ... WCIC delmcd a .... Lho1-.C pallcnt~ WILh 1-.igni/ïcanL Icvcragc values 

(>.14(1 lor u=.05 ano n=ll)l) (55). Any outher~ weIl' cht.:cked for err()r~ in daLa enlry, 

and ellor .... found were conected Some of the followlIlg analy~cs wcre thcn calculated 

holh wllh and wllhoUI Lhe Icmammg outIicrs 10 dctcrmine thcu Impact on the results. 

1. 1 nf ormation on 1l1J~~mg value1-.. 

Thc Vat lahle1-. or ~ewnly of weakness at lime of aeute polio, weakness at hest point 

alter aculc pollo, and recovery Indcx were flcquently mi~sing. For example, the severity 

01 wcaklle~s al acull' polio .... core 1 had 40 01 lof> ca1-.CS and conlrols (24 Ik') \-dlh mlssing 

vallle~, and recovcly ~C()IC 1 for ca1-.CS and conlro)s had 49 (291;{,) mlssmg values. The 

variahles concelIled wllh agc and IlIllC had lew, Ir any, mis1-.mg valucs. When possible, 

values Wl'Il' 1I11puled 10 Ihc 1l111-.slng data lor weaknc~~ aL aeulc pollo as previously 

dlscll~ .... ed, and sOl11e (If Lhe Mlhsequl'nL analyse1-. werc calclllaLed holh wiLh and wlLhout the 

IInputed I1lt~slng values 10 a~M'SS thctr impact on thc n~~ults. Scverily of wcakncss at 

acute poli" and lecovcly scores A alc tho1-.c wtthoul Impuled missing values, and those 

mar"-cd B aIl' wllh Impulcd I11IS1-.lIlg valucs. The wcakness and recovery scores with 

<lSCI dwd IllIS:-'lI1g values wefe Ihe plllllary oncs used m furthcl caklllaLlons. The number 

01 nllsslIlg valul's (wHh pCII:entages) lor em:h of the independenl variahles arc prescnted 

111 Table 2. 



4. Preliminary stattstlcal analysis. 

Frequency hlstogram .... of ail contlllllous 1I1depemiL'llt vallahks \Vl'Il' ph 'Hl'lI Il) l'\'aillatl' 

the dlstnhutlon of theM~ vanahles De .... ri plIYe statlstlc .... I11cllldlng III l'an ..... plilplll t Ion ..... 

standard dcvlatlOl1s, and ranges. were calculalt'd lOI tlll' l'ntlll' pupulatlon 01 rase .... and 

controls. Suh .... cquently. I11Call .... , propOltIons, two- .... ampk' t-tl'st .... , and X" ll· .... ts Wl'Il' 

calculated for cases. horderline ca .... cs. and (ontlllis separ ald y. 

The primary variahles or IIltereslll1 thls and the lollowlI1g analyses ale: 

1. Present age 

2. Sex. 

3. Age at acute polio. 

4. Latency or time in years hetween acute polio and present (a .... III IIl1l1alevaluatHlIl). 

5. Severity of acute pollo as dctermlncd hy the () to 6 .... l'vellly 01 weaklll' .... s SCOIC. 

6. Recovery score. 

7. Seventy of weaknes .... at he .... t pomt alter unite polio. 

X. Current seventy of weaknes .... (as of mItral l'valuatIon). 

9. Reported recent welght gam (WIthlll lust 5 yeal .... ; yes 01 HO). 

10. Physical actlVIty index (ul'>ual phy .... lCal acl1vlly lor contI ols. éllld lIMlal physlcal 

acttvIly pnor tn onset of PPS for ca .... e.'). 

Il. Recent maJor trauma (wahln la.'l 5 yeur .... ; yc, 01 n()). 

12. Disahility index at hest p()]nl alter aClllc polio. 

13. CUITent olsahllity mdex. 

]4. Muscle pam WIth exerCIM~ (yes or no). 
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1). JOInt pain (ye . .., or no). 

) (J. M u . ..,c1e pam (ye . .., or no). 

). Colhneallty analy~I~. 

1\/1 cOlllmllllll.., IIH./cpendent v~n:ihle~ ""cre evaluated lor the presence of collincarity 

hy colllpullllg a COr/datIon coefltclent matnx loI' ail variahles. and hy elgenvalllc and 

condlllOn Index analy~l~ I\ny vanahle~ lhal were colltnear wllh each other were not 

elllered together 111 Ihe ~al1le multl variale analyses. 

(l. LmearIly nI contll1uous vallahles. 

PrIm to the ulIli/(ltloll 01 )oglSlIC regresslOn modeling. aIl continuous indepcndent 

variahles weil' examined 101 the a~~lImpllOn 01 lineanty 111 the loglStlC regresslOn model. 

ThIs wa~ donc hy calclllating the log odds for each quartIle for each vallahle. For each 

VaI Jahle. apIol 01 logll (p) 101 each quartIle V~ mldpoll1t of each quartile wa~ made. 

Based on Ihese plol~. the villlahles weIl' enteted eHher as COl1tll1UOUS or <.:atcgorical 

vallahles IIllo slIh . ..,l'qUl'llt l()gl~tl( reglessloll l11oÙelS. 

7 li 1\1 Vallatl' Illgl~tlC legteS~lOn \l10ùels. 

lllllvanatl' loglstlC Il'grl'~sl(\n models were esllmaled for each indcpendcnt variable. 

FIOIll theM' lïtll'lIlallOn~. an oùds l'aLto, wllh 1..J5I1t conlïdence 1Illervais was calculated for 

l':l\.:h vanahll' Bl'call~e Il wa~ mathemallcally I1l1pnsslhle tn calculate an lldds ratio for 

lIaullla (IlO conllob hall l'Xpcllcllced recellt trauma), O.S was asslgned as lhe number of 
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controls with rl'cent trauma 10 pl'rmt! an ~stllllall' nI' the odds lalto, SOIlW l'akulatlllll:-' 

were donc ho th wllh and wtthoul \Inpllt~d l111ssing valul's 10 a:-.sl's:-, IhclI l'lll'l't IIll 11ll' 

rcsults, 

8, Multlvanate loglstH: rcgrc:-,slon moùcb, 

Multiv:mate loglstlc rcglcs:-'Hlll model~ Wl.'le wlllpulcd hy a :-.tl'pWIM' apploal'h A 

significance Icvel 01 p=O 10 lm Implovcmcnllll Ihe logltkl'lthood IdtlO Il.':-.I wa:-. lIsl'd 101 

entry of il tell11 amI a valuc ofp=O,15 wa:-.uscd lOI a tel 111 to ~tay III thl.' 1I11HIl'I SPl'l.'llll' 

interaction tClln:-. 01 II1tcrl'st wcrc (1) ~cvcllty 01 wcakllc~:-, al .tL'utl' poliO X 11'LOVl'ly, (2) 

physical activlty X scventy III weaknc:-.:-. at hl':-.t pOlllt altel acull.' POlIO, ( ~) Il'll'Il1 wl'Ighl 

gaIn X CUITent scvcnly of weaknc~~. (-1-) :-.cvellly 01 Wl'aklJl'!-.~ at al'utl' pollo X lall'Ilcy. 

and (5) rCC()Vl~ry X latency, The al1alyse~ inclllded calclllatlOlI III adJlI ... tl'd Odlb litlloS 

with 95'h' confIdence II1lerval:-. lor ail ~lgl1lllCalll vanahll'~ SlglllllLallt IHodl'l. ... weil' 

computcd hoth wlth and Wt!hOlll lmputed ml~~lIlg vallle~ 

9. Suhanalyses: 

a, Comparison or proportIOns or lowcr cxtremltlCS wllh UPPl'1 extleIllIlH"" clil/cnlly 

cxhihilin!! II1cleased weakncs.". 

An analysl~ was pcrformcd to dl' lcnn Ille Il IIlcrea~ed weakne ... ., (lLUII" /lJ()Il' IIlXIlIclltly 

In thc lowcr cxtrCl1l1t1C., than ln the upper cxlrclllltle~ Ifl amhulatolY PPS ca.,e., (dcll/led 

as those wilh a pre~cnl dl~ahlltLy Index 01 < 1) The prop()rLlIlm 01 prevlOlI.,ly Jnvolved 
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upper exlre/1lJl/e~ alI/me 01 aCllle pollo pre .... ently exhlhiting Increa~cd weaklles~ WIth the 

P/oporL/om, 01 pn:vJ()lI~/y Illvo/vcd /ower extremiLte~ pre~cntly exhihltIng Increa~cd 

weakne" ... Wil~ comp,ued wlth il X! le .... l A ~iml)ar al1a)y."I~ wa~ pc/rormed In pattent. ... 

lI~lIlg lhelr uppel exIJl:mllle~ ln arllthern ln mohll/ly (tho~e wlth a P/c~cnL ùl~ahIlIty index 

<II >2) Thl~ analy~l~ may pruVIUC "ome 11lIIher mlOlmatloll on thc Importance or acuvity 

III lhe dl'veloprnenl 01 PPS hecall~e the lowcr extH~l11tllC~ are pre~lImahly al gteater risk 

10/ I/IC/ca .... ed phy~lCa/ acllvlty Ihan Ihe upper cxtrcmlltes In amhul<ltory patients. 

C()l1ve/~e1y, Ihe upper extll'lllll1C~ may hl' al grealcr n~k l'or illcrea~clI phYSH.:al acttvlty 

III patlelll~ lISl/lg whcl'lcha/rs lOI /11ohtllty. 

h. Compari~on 01 propo/ llOIlS of prcviously Involved and uninvolved extrenllties currently 

exhihtllllg inClca~ed wl'akness 

Ail ana/ysl~ wa~ perlOl med 10 dCtCl11l1l1C whcthcl increa~ed weakllcss IS mOle hkely 

ln OCClII III pll'ViOllsly IIlvo/veù 01 ulllllvoived cxtremtlles 111 cases. PrevlOlIsly 1I1volved 

l'xlrl'mlllL'~ weIl' dclll1l'd a~ thme wilh pallelll wcaknes~ esllmales 01 Ics~ lhan 1 {)O at time 

DI al'llle pDI1\), and pll'vlOusly ul1IlIvo)ved cxtlemtlle~ were dcfmeù as thosc with pattent 

l'sttmak's 01 I()() at l\Ille 01 aCUll' pollo. A compallsnn 01 the proport1\)I1S or extremitlcs 

tn tlll'~l' two g((lUp~ ClII1l'lltly exhthlllng IIlcreased wcakne~~ wa~ donc 10 provide 

dl'~lIlpllve 1Ill00ll1atwIl about PPS. a~ weil a~ II1lormatioll regarding where 1I1creased 

wl'aklll'ss I~ mo~1 llkely to occur. 
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c. EvaluatIOn 01 the dfeu 01 tlllle on lkwlopn1l'1l1 01 ~ymp!llll1~ III PPS 

An analy~l'" \Va .... perlolll1l'd tll L'\,tlll,ltl' tllL' IlIlplllt.tlll'L' III tlllh' III 1Ill' dl'\L'h1pnll'lll III 

œrtaIn ~ymptoll1~ 1I111. ... ldl'll'd III hl' P,1I1 III PPS Il Il,1.'. hl'l'Il 11\ p\lII1L'~IIl'd 111.11 PPS 1ll,1)' 

he a progle~~lve dl.'.l',l~e. hegll1ll1ng \V11h l.tllgul'. lullll\wd 11) Ihl' ,lddlllOIl III \\l .. I"Ill·' .... 

and fmally atrophy Ct~) To le~t lhl. ... hypotlll''''~. and al~ll to lkll'llllllll' tllL' 111IIHlIl:tnl.:l' 

or weaknes ... al anlte pollo. Ihl' Il1l'all~ (and ~lalHhlld dl'Vlalll\ll. ... ) 01 l.tll'Iley. L'lIIH'1l1 agl'. 

and weakne~~ at anlte pollll were cllmpull'd lOI 1 Olll gJ(lUp~ III pal Il'Il 1.'.. ;\11 ,lllaly~l~ III 

vananœ (ANOVA) wa ... perlonnl'd lo evaillale drlll'rl'nL'L'~ hl'IWl'l'n Lhl' lour glllUp~ III 

palienl~ Patie Jt~ were dlvlded 1I1lo thl' lollowlIlg 4 group" 

Group 1: P()~l-P()lrll ulIllrol~ (no Ill'W symptorm) 

Group 2: po~t-rolr(l patll'nt~ wtth nl'W latlgul' only (hOlderhlll' cases) 

Group 1 P()~t-poll(l pullCllt~ wlth l1ew latlgllL' and wea"I1l:~ .... (l'a ... l''» 

Group 4: P()~t-polro patll'Ilt~ wlth IlCW latlgul'. Wl'a"'Ill'~ ..... ami almphy (onc p.llrl'Ilt had 

no fatigue). 

d. Evaluullon or thc lhrcc wcaknc~~ ~cverlty ~l'OIe .... 

The ahlilty 01 the threc dlllcrCl1l wcaknc ....... ~evc"ly ~lllle~ 10 aLl'lIIatl'ly de .... urhl' 

weakne~s u~ a re~ult 01 r lltO and to hl' 1I .... cJ lor .... lal""lIut! analy ... L'''' wa ... a ...... c ...... l'd Mcam 

and standard deVlatl(ln~ l'or ail threc ~cvellty "'l'OIC'" wcre l'alruldted lm ca"'l:', a/ld COllllOh 

ln additIOn, as ~tatcd prev)()lI~ly. thc COflLlIrrcnl cnlCfloll-(l/ll'llleti valldlly 01 the Ihrec 

weakne .... ~ ~C()fe~ at lIme (lI acule pollo wa ... a ... ~e ...... ed hy calculatln.!:' cOl/datlo/l l'lel/rclent. ... 

bcwcen pallCnt estrmate~ 01 weaknc~ ... at ume 01 éteule polIo and percent weakm; ......... cOIe ... 
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fi (lm old ho..,pJlal l'hart.., 

Samplc ItilC ('alculations 

The prllllaly mk laLlm (lI Inlere~t In thl~ ~tudy wa~ ~eventy of weaknes~ at acutc 

pollo SeLlmo,lIy Il..,k laclor.., con~ldered were recowry alter po!to, latency, age, and 

rnu ... clL' pa\l1 wJlh eXèlTI..,e (Hher vallahle~ whICh were mea~ured hy very crude methods 

III Ihe pre\Cnl ..,tudy. huI WhlLh rnay he Important to stuoy tn luture ~tUllle~ ale phYMcal 

aCllvlly and ohe."IIY (whlch w(lllid contnhule ln overu~e of enlarged motor Ul1lt~). A 

pre~lImed chnlcally rekval1l ood" ralUI wa." e~trmaled to ite 2.5 (a ..,mall ()OO~ lallO such 

a~ 1 1 WOllid nol he very rneanlllgllli 111 the chnrL-al management or the~e patIents with 

Ihe Iype~ 01 varrahll'~ thal were herng lon~ldered) The odtb ratIO lor mIttal seventy 

ohl,lIned Irom il prl'vlol!" ~llIdy III our c1Inrc had heen 4.1 (<)Y;' conlluence Intervab 1.9 

10 X)';) Inrllal "'l'Wllly had heen drcholo/l1l/l'd a~ elther le~~ lhan 1 <)5 or greater than 195 

on a () III ()()() "'Lale a.., prevlllll .... ly de"crrhed. One hllllureo and Il 111 et y-lIve wa" ch()~en as 

.t rl'\ult 01 L.t1Llllall()n~ lor thl' a~~l'~"I11l'nt 01 l1l1eanty (lI C(}ntrnlloll~ variahk~ in the 

logl. ... IIC H'grL,~ ... I()n ll10dcl (thl' dl'tmb ni lhe,e calculatloll~ aIL' de~crtheo rn the Methods 

.ml! Rl'~1I1", "l'L lton~) For a. = () 05 (one ~Iued). 13 = 0.20. OR = 2 5. and Po = () 4 (where 

P .. = l'XPO"llll' rate amllng control.,. ha~ed on prl'VIOll~ work), Il wa~ uetermmeu thal 50 

ca~l'!-. and conlrob \\puld hl' Ill'l'dnt (52). 11 Olll' had wI~hed ID ddect an OR or 2.0, 104 

ca~l'.'" .1Ill! cOlll111l" Wllllid have heell nece~~ary. Fur lIneqllal numhl'r~ ni I.:ase~ and 

cllntrob. thL' lIumher 01 ca~es (II) l'equlred change~ hy a factor ni I/e and the Illimher of 

l'\lrHlols hy L'Il (52) Thll~. Il one ha~ a 2/1 rallO (lI I.:a~e~ to cnntrob, c = 0.5, and n is 
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20R (or 120 for OR = 2.5) a~ compared tu prcvHllls Il'qulIl'mcnt III \ Ool III (,(). and Ille 

ncœs~ary Illllnhcr 01 contlOb IS 50l (01 ,0 1'01 OR = 2.5) (2\) ln 1\11~ "Iully. 127 l':l~l'~ 

and ~9 controb WC l'l' Idcnl1lwd Thcldorl'. l'ven wtlh ullequa\ Illllllhl'I." ill p.llll·llt~ in 

each group, large enough numhers 01 patIents were avallahk hl dl'Ieel an odd~ [alto 

bctween 2.0 hl 2.5. 

Ethical considerations. 

This study lIlvo!ved a chart reVIeW or patienls cvaluated at Ihe Montll'a\ Nl'lIrologll'al 

Inshtute post-polIo c1inic. As prevlOu~ly mentlOneJ. PCIIl1J."!'\[On 10 ohtalll olt! hosptlal 

charts wa~ ohtamed lrom the mdivldllals II1volvcd No IllvaSlve !'\tlldll'," Wl'Il' (1l'llolllll'd 

on the patlent~ for the purpo!\e!\ of the ~tudy. The nHllldcllllahty 01 Ihe patll'IIt." IIIvolved 

was preserved Juring the study. and will he plc~clved III any pllhltcallOlI~ illl"llI.!! ltom 

the work. The approval 01 the Montreal Neurologrcal Imlilule l'thle." L( 1 III III 1 tlCl' ha" hel'II 

obtained for the ~tudy (~ee Appendix l'Ill lorl11 !\uhm ttled 10 thl' co III III 1 t tel' aloll.!! w IIh the 

approval). 
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TAULE 1: SAM"LE CALCULATION FOR SEVERITY (}I<' WEAKNESS SCORE J 

SIII', PA'I f1~N 1 I~S'IIMA", 

l,cIl aflll 

RighI aflll 

LcU ICI! 

1{lghl Icg 

I{C\PIflIIIIlIl 

Spccdl/.,walll,wlllg 

lolal 

hnal Sl.:orc (lotHIIIO() 

o 

IŒI 

o 

10 

o (vcnillalof) 

100 (noflllal) 

100 - PAl/ENI ESTIMt\TI~ 

100 

() 

100 

70 

100 

() 

370 

37 



TAULE 2: NUMIŒR (W I\IISSIN(; V AUJES FOR tNUEPENm'.:'H \' ARtAUt.ES 
FOR lM CASES ANI> CONTROI.S 

VARIABLE NI JMBFR 01 f\lISS1N(; V AI.lII·S Pl·IH 'FN 1 

Age () () 

Latelley 0 Il 

Age al poho \() 

Weakness al Acule Pollo 1 A -lO 

Wcalme~~ al Acule Pollo 1 B 4 2 

Weakne~ ... al Be~l Aller Pollo 1 IX Il 

Currelll Weakne~~ 1 ~4 20 

RocmcrylA ~ 

Rccovery 1 B 21 

DIsablhly Index al Be~1 Afler Pollo 6 

Currenl DIsablhly 4 2 

Phy~1(;al ACllVlly 

Sex o Il 

Rccent WClghl GRill 

Rccent Trauma 4 2 

MU!~clc Palll 

lOlOt Pa1l1 () Il 

Mu!>clc PUIIl wIlh Exerel ... e 

Lcgcnd Wcaknc ...... anù Recovery Score., A arc WltJ IUllmpuled 1II1\\lIIg valuc,. Wcakllc\\ alld I~c<..()vcry 
Seore~ B arc WltJl unpulcd 1ll1 ... \lIlg value\ 
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RESlJLTS 

Rellahlltly (lI ca~elc()nlf()1 ... Wlu.' and validity of ~ome (Jj ri~k factors. 

Inter-raler rellahl!Jty hetwccn the author and Dr. Nell Cashman, a recogmœd expert 

ln the field, nI ca1>c!conlrol .... Latu~ on a random 1>amplc (lj !O'!r of cases anù controls 

(n=I() wa.' 100l/lù to he 94'1r CoclllclcnL K (whlCh conecls the percenL agreement score 

lor chance agrcement) wa~ /()unu Lo he X7 5'Ir, The ... econd ratcr dlù not agrce with the 

Jnclll .... 1011 01 Olll' 01 Lhc 1 () patient. ... In the stuùy, He Lhollght Lhal desplte the fact that the 

raLlent cOl1lplall1l'u 01 new wl'akne~ ... anu raLIgue (and wa1'> thll~ consldcred to he a case 

hy the allllHlI), the pallenL ... ' hahll~ (lI exlreme overexelcl ... ing and dlettng were the most 

likely cilu .... e nI Lhe new ... ympt()lll~, and thaL conseqllently she ... houlu not he mcluded 10 

the ... lllUy 

('011 datIOII coelllclClIlS (concunenL cntellon-orienled valiully cod IÏClCntS) of patient 

c~lllnate ... 01 M~vellly 01 w(~aknc ...... al acule pollo, age aL acllle pollo, and length of 

hospIlalllaLlOn al aeutc polIO and data nhtamed lrom old hospital chalLs are presenled in 

Tahle 1. A ullnpall"'(lll or mean ... (lI pallent estlInate ... with means or dala ohlained l'rom 

old ho .... p1lal charl~ 101 these 1 varlahlcs 1 ... presenleu III Tahle 4. PalIenls tended ln 

ovel eslllllate the Il' weakne~~ al acute pollo and length 01 hospllalllatlOn, however lheir 

,lsseSSlllellt 01 the age at whl\:h they had aCllte pollo wa~ accurale. 

l'hl' Il'f;ltlOl1slllp hetween the l'Ilecl 01 Jenglh 01 l1I11e SIl1CC acute pollo (Iatency) and 

age al acull' pollo, and 1 L'cali lI1accul al y was a ...... e ...... ed Recall 1I1accurancy wa ... measured 

as the dllll'lenCl' III patlL'nt estlmate ... 01 ... evcllly of weakness al aCUle polll) wlth percent 

wl'akl1l's ... ~COIl' ohtalllcd 110111 old hospilal recOI d.... The correlatIOn coe/lIclCnts for both 

III thl· ... l' 1II1J vall.ltl· Il'grl'~ ... \Iln mouds weI e low and negal1 vc (r = -.2X91, n == 19 for 

latl'Ilry. and 1 == - '51 X. n = 19 fOI age). The l'stllnated coe1flclL'nt ... for the tnùependent 

vananlcs weIl' al ... o ... m.1I1 and negall\'e (-,0619 for lalel1cy and -.0465Ior age) 10dicating 



an inverse relationshtp hetween time and lel'all inal'cural'y {Il'. a gll'all'r lIlal'l'lllanl'y al 

a younger age and a \e~~er Illne 1I1terval ~lI1l'l' al'lltc polIO) 

The concurrent cl1tenun-onentl'd vahdlty ~)I l'lIlll'nt ~l'Wllty 01 \\'I.'aklw~~ \Vas 

estimated hy compulln~ correlalton l'oellll'h:nt!'- hCIWl'CII patlcllt l'~lllllall.'~ III l'lIlll'nl 

severity of weakne~~ and molor ~tlcnglh ~l'IHI'~ (Ilhlallll'd al IIIHt' 01 IIlIllall'v.dll,lllun) lot 

each extrenllty. The IC~lIll~ arc plc~el1lcd 111 Tahle ::; 

The wn~truct vahdtty 01 the ~eVl'IIly 01 \Ve,lkl1l'.'>:-' al dcull' pllllll Illl'.t:-. Il Il' wa~ 

evaluated ln two ways hy wmpallng Illcan ~l'Vl'Illy 01 \Vl'aklle~~ al alulc PlllJl) 11\ Ihll .... c 

patients who were and were not hosptlall/ed at anlle pollo, and hv caklllallll)! ,\ 1\'.\IMIIl 

correlation coelTlCwnt for thl' two vanahle~ ni Sl'Vl'Illy 01 wl'akne~~ dl acull' pollo ,lIId 

length of hOSpllaltnllOn. The re:-,ult~ arc presenled 111 Tahll'~ () and 7 

2. OutIier analysis. 

To check the dala for data cntl y en 01.'> and lor outltel. ... , 1 ange.,> 01 a 1\ l'Il Il 1 111 li Il li.'" 

indepcndent vanahles werc calcuatl:d, and kveragl: wa~ I...alculall'd lUI ail oh,>,,'1 valllln~ 

using two models, eac.:h with X po~slhle IIsk lactOls. Evaluallon 01 lange.,> ll'wah'd 1'1101. ... 

in data entry for X patIcnt~. The~e wele cOrIccted Lt:vCI age lOI l'adl Oh'>l'I V<111011 

(n= 1(1) wa!\ calculaled w .. in!! 2 modcl~, eac.:h wllh X n .... k 1 aLlol. ... wh Idl \V('Il' 1101 col\lIIl',1/ .... 

with each other. Thc samc .,>even oh~elvatJ()m, wIlh ",gllllKanl 1cVl'lagl' valul''> C'> l'Hl lor 

c.x=.05 and n= Il) 1 (55)) wcre luenlll rell lOf hoth 111 ode\.,> l hl' dala 101 1IIl''>(' ..,even 

obscrval1on!\ wa ... chcckcd, and an addlllOnal elrol 111 d,tla l'lIl1y 101 ()lIl' \lh~eIVillll)IJ wa ... 

found. ThIS was correcled. Howevcl, Ihl~ pallcnl aho had a vcry hlgh age lOI acute 

polio (3<) ycars). Becau .... e ail 7 oulllcr . .., \VefC lound lo have Ielallvely exlIelllc value.'> lor 

al Icast one pO~~lhlc mk factor, ,>orne logl.,>lIc legle\\loll aJlaly,>e~ WCIC COlllplllCd nolh 

Wllh and \Vlthout the~e .... cven ()h'>Cfvall()n~ to a~~e"" thelf IrnpaLl Oll 1IIl' re'>lIl!'> The 
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re ... ult ... are pre ... ented ln Tahle X ( )n compariMln 01 Tahk X wIlh Tahle~ 17 and 1 X (with 

()ulller~), Il 1 ... eVldenl that the outher~ produced (Jnly ... mall change~ (111 ellher dlrecllon) 

111 the computed lInlVanate and muluvanate odd:-. ratlO:-' and thelr a:-':-'l,oClUleU conlldence 

Ifltervah l'Ill exampJe, Ihe odd.'" ratIo for acuLe pollo (per year) wJlhoUl olltllel~ was l.06 

and 1.062 wllh outlle].... FOI the vanahJe muscle pall1 wIlh exerCI!'>e, the odds ratIo 

without ()lItller~ wa.'" 4 042, whel ea~ wlth outlle]. ... thl!'> was 1.X6 

,. Inlormat\!ln on 1111:-':-'lIlg vallle~. 

Appropl Jate logl~tlc regre~~ion analyses were calclliated hoth with and without 

IInputed 1ll1~~lI1g vallle:-. to l'valuate thelr J1npact on the te~ults. Howcver, the primary 

ana ly~l~ I~ conwlerl'd to he that WlllCh \I1CUI pm ate~ 1111 puted values. M iss1l1g values were 

ascllhl'd ollly fOI the weakne:-..'" ~eventy ~core at acute po!to, and thu~ for the recovery 

SCOle, and Wl'Il' ha~l'd on 1Il10llnatwII plovlùed hy the patients a~ di~cu~~eù ahove. The 

Il'Mllts ale ple~l'Iltl'd III Tahle l) The le:-'lIlt:-. II1dlcate lhal the audItIOn (lI the imputed 

ml~slllg valul's PlOdllLL'd only a ~Illall II1crea~c ln the odd~ latlos for weakness at acutc 

pollo III holh Ihl' UlllVilllatl' and ll1ultlvanate Ilwdeb However. \11 the unlvanate models, 

thl' addltloll of 1I11plltl'd 1ll1. ... ~lllg valul'~ Improvl'd the Matl~lIcal sigl11ftcance of the odds 

1 atlO fOI wl'a"'lll':-'~ at aClIte pollo ln thl' Illllltivanate ll1odels. the imputed Il11SS1l1g values 

li li. 1 Ilol change thL' statl~tlcal ~lgl11rlcance or thl' collc~punding odds ratio~. 

4. Plellllllnary statlsLH:al analysls. 

Plllt~ Ilf Ill'qul'lley hlstoglilln~ lm ail conlinuous IÎsk faclors were made. The 

\':tllahlL's elllll'nt agl'. latl'IIL)'. weaknl'~:-' al acute pollo, disaoihty 111dex al oeSl arter acute 

(1n!Jll. and l'lIncnt dl~ahlhty Wl'Il' all near !1oll11al1l1 dlslnoullOll. However, age at acule 
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polio showed a devwtlOll tll the lei t (tmv,lI d Ihe yOUllgl'l age glllllp~) \)l'~rllpllvl' 

statisltc~ for the cntlrc poplllatllln 01 la~cs ami COI, lOis ail' pIL'~l'lJ\cd 111 rahk~ III and 

Il. Dc~criptIve ~lall~t1C~, along wilh t-tl'~t~, X' tl':-t~, dIIlL'll'nu'~ (\\'Ilh I.iHllldl'Ill'l' 

intcrvals) ln mcall~ and p[(lportlon~ hl'WCL'n ca~l'~ and Cllnllllb ail' pll'~l'll\l'd III r.lhll'~ 12 

and 11 Cases WCIC !-.Igmllcantly dlrtclcnt (pdl.05) Ilom l()JJ\IOI:-. wllh Il':-'Pl'l'I III .Ill nldl'I 

age, longer lalcm:y (t1111C ~tI1Cl' aClIIl' pollo to lIllIJalcvaluatloll). gll'.IIl'1 \\l'.Ih.nl'~:-' al .IL·lIll' 

polio, greatcr current wcakne:-.:-.. and gll'atl'I L'lI11l'nl dl:-..lhrllly III .Iddlllllll. l.IM· .... Wl'Il' 

sigl1lfkantly n101e hkely to have cxpencnced a Icrcnl wClght g,lIl1. !l'll'Ill Il.11IIIla. 1Il1l . .,rll' 

pam, JOInt p:lln, and mll~c1e palll wllh CXl'llI:-'C Ihan (Olltrob. Ik:-,ulpll\'l' :-.lall:-.lll.:-' 

(includlllg means, propmllO/l.\. ~tandald dcvlallon~). HL' . .,I." and À) Il'~I:-. Wl'Il' lalculalcd 

l'or case~, hOlderhne (ase~, and ((lnlmb The.,e 1l~~1I11.., ail' PIC:-'L'llll'tl III ï .lhk:-. 1 1 and 1') 

Borderline casc~ were lound 10 hc ~lgllllllanLly (p<() (5) oldel at 11I1Il' 01 aUlll' polIO. and 

10 have a greatcl <.hsahIllly IIltlex al hc . .,l aill'I <trule pollo Ihan CIl Il Il ob TIl'lId .... (P,-O 10) 

betwecn honlerhnc ca:-.e~ and controb Wl'Ie oh~clvcd 1Il1l'11Il:-' 01 a glL'alL'1 LlIIIl'1I1 age and 

a greater (urrent disahlllty 111 hOlderhnc CLl."'t..:S. 

5. Colhnearity analysis. 

A correlalion coefficient malnx was compuled lor ail COlllH)(HI~ vallahlc~ The 

highest correlalw/l codlJclCnl!-. were oh~erved hel ween agl' and lalellc y (1 - () X.l.I, 11= HI() , 

p<O.OOO \) ami seventy 01 weakne ... ~ at he~l aile 1 acute pollo and LlIllenl :-'l'vellly 01 

wcakne ...... (r=O.7ô, n=!10, pd).O()I) I{owever, lhe~l~ collclallllll L()l'IIILI\'III., Wl'Je !lol.,() 

high a~ to prevent the cnlly (lI' holh vallahle . ., Inl() the .,ame anaIY\I\ (1 l' Ihl'y wele n()1 

grcatel lhan r=(),9) (55). 01 mtere,.,t II, that thell' wa., !lO cO/lclatltlll hl'IWl'L~1I cUllell1 

disabihty and phY"'lcal actlvlly (r=-O.104, n=154) and dl\ahlllly al he"'l allel aulle p()lI() 
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and phY!'H.:al actJvlly (r=-O.224, n= 152) To further evaluate the vanahles for presence 

o! coillneanty, elgcnvaluc and contllllon Inùex analy~l~ wa1-. pcrformed wlth several 

/llndcl.... Slgnlflcanl LOlltneanty wa~ oh~crveù hetwcen thc vanahlc~ (lllrent age, latency, 

and age al pollo, and the vanahle~ 1-.cveflty of weakne~s at aCllte pollo, sevenLy of 

wcaknc~ ... at hc~l allcr acute pollo, and recuvery. The rca~on for coIlmcallty hctwcen 

thc .... c Iwo 1-.el~ 01 t1l1ee vanahle~ 1. ... that cach ~et IS a hnear COl11htnatlon 01 cach other (I.e. 

latcllcy = cuncnl agc - age at pollo, and recovery = weakne~~ al aCllte pOllO - weakness 

al hes! allel pollo) When any one vanahle lrom the~c two ~et~ wa~ rel11oved, no 

colllllean!y wa~ t!e!ectcd. Thu~, ail t/1lee vallahle .... lrom each ut these two .... cls of 

vaJ'lahles were no! enteret! m!o thc ~amc 11111ltivanate loglSllC 1 egresslOl1 modcls. 

6. LlIlcanty of contJl1110US vanahles. 

The hnci\lIty 01 ail con!mUllU~ nsk lactor .... In the IOglStic regressiol1 model was 

l'valualcd hy plolllllg logll (p) for cach quartile 01 each variahlc versus the nudpOlnt of 

each \.jUil/Ille lOI eaeh vallahle. Loglt (p) was calclliated a .... 111 (l1l1l1lher of cases/numher 

01 contlOb) IllI caeh qualtllc of a contllllHlll .... vanahlc Thc plot. ... 1'01 cach vallahlc arc 

prl'~ented III Ihe FlgUll'S Basell (ln the re~ult .... 01 the ... e pl()I~. the vanahles were entercù 

l'Il he)' a ... l'Ontll1UOu .... 0)' categollCa 1 v;ulahle ... II1to .... uh1-.cqllent IOgl .... tlC Il.:grc~.'''I(ln l11odels. 

CUI'ICt1t age. latl'I1l'Y. wcall.ne ........ at acutl' pollo (A and B), anù current weakne ........ were 

l'ntl'Icll as cllntll1l111ll .... vallahle..... The lel11a11lllH! val1ahlc~ wele enteled as cale~()rical 
~ ~ 

villlahll' ..... l'hl' cdtegolllatHlI1 01 the .... e vanahles IS presenled ln Tahle 16. 

7. 1I1l1VHllilte logls!Je legn.~ ... ~illn l110ùeb 

llnivmiatl' loglstli.' regll'ssllll1 moùels were calculated for each independcnl variable. 
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Odds ratios and thdl 95 C
;{ confldem:l' 1I11l'lvals weil' l'ol11pult'd 1111 l',ldl vallahk 'l'hl' 

rcsults aie ple~ented 111 Tahle 17 The vallahlc~ wl1lch \\l'Il' 1Il1llld III h.l\l' ~1,;!IIIIIl'allt 

odd~ rali()~ wcrc cUllcnt agc,latency, ~l'\Cllly Il! Wl'a\..Ill'~~ al :ll'ull' plllto, LïI1Il'llt .\l'wllly 

of wcakncs~. CUlTl'nt dl~ahlltty. rcccnt \wlght galll. 1lI11~l le p.lIl1. JOlllt pa III. ,1IIl! 1I1l1Sl'k 

pain wlth exerclse Il wa~ mathcmallcally Impo~~lhlL' hl L'.lkllldll' a 1IIl'.Il1ll1glllll11hb l.ltlO 

for rccent trauma hecall~e no conti (lb cxpcllcllced Il'll'Ilt lIallll1:t 1'0 pl OVldl' ,III l'.\tllllatl' 

of the odds rallO for rccCllt trauma, O.S wa.'" a~~lgl1l'd a:-. tlll' 1l1lllliWI 01 1I111111l1. ... Wllh 

reccnt trauma. WIth thi~ change. and odd~ latlll 01 11.5 (9)'/1 cOlll1dl'llU' 1Illl'i v,d 01 ()2' 

to 212) wa~ ohtmned. The mk lor PPS wa~ 101lnll III 1IIt.:ll'a~l· by 1 X 1 III l't,rll dCl ade o! 

lite, and was also round tn IIlCICa~C hy 1.6 lOI eacl! lhadc al tCI al'lIte pollo l'hl' odds 

ratIo for PPS wa~ 1 5 and 7 lm cadI IIlCIC11lCI1I 01 1 011 thl' wcak.IIl'" dl .!lule polIO 

measurc and the ClIl1cnL wcaknl'~.'> Il1Ca .... lIlC, IC~pl'ctIvcly P,'lIl'lIt~ wlth .1 Il'U'III Wl'Ighl 

gain (in the la~L 5 ycal.') welc " X tIl1H~.\ <1\ IIkely tn havl' PPS. willk palll'lIt ... Il'pOltlll!! 

muscle palll with exelCISC wCle also lX lImc:-. mOlc IIkl'ly tu hdVl' PPS '1 hl' odd .... 1 at Il 1.'" 

for musde pam and jOll1t palll wcrc 2.6 ami 2 4, rc~pcctIvely 

8. MultivariaL{' loglstIC rcgres~lOn models. 

MulLlvallate logistlC regles:-'lOn 1ll111kb wCle calculaLl~d via a ~lepwl."'c appl{)(ldl. The 

staLI~tkally Slglll 1 Icant and hlOlog Icall y plall:-'I hie mode\:-. ,II e pl C:-'CIl ted III Tahle 1 X 

InLeractlOn term~ WCIC al~o addcd 10 lhl~:-,e m()del ... , huI Wl:1 e 1 IHlIId n{)l 10 \1)!lIIllCanlly 

improve the mode!. The re:-.lIlt .... 1 rom com pli tallO Il 01 a III li 1 t 1 vallall' 1 (lgl ..,IIC J e )!1l~:-.."'J()J1 

mouels WIth II1LeractlOJI 01 weaknc.'>,., at aulte poliO and latency are rlJc'~IIIl'd III Tahle 1 () 

Five multlvanaLe !l1m1eb wlth the Ilvc mteractloll tellm wer~ LOlIlpllt~d NO/H' 01 the 

interactIOn Lerms provcu LIl he :-.tall'lIcally -.rgfllllCant 
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() Suhanaly~~!-.. 

a. ('Ofl1pafl!-.OIl o! propOrll()n~ of lowcr cxtr~mities with upper extremiLCs currently 

~xhlhltll1g IllClea~eu wcakne!-.!-. 

'1'0 IIIdlreclly a!-.!-.c!-.!-. thl' el/l'cl o! phy~lcal actlvlty III the development of Illcreased 

weakne~ . ." the pl ()p()llIon~ 01 prevlOu<;ly Illvolved lowl'r extrel11I1Ie~ cUITently exhlbItmg 

uH;r~a'''l'lI weaklle . .,!-. were compared wlth the propOltlOIl!-. or prev)(J\I~ly IIIvolved upper 

eXIIl'lIlltll'~ ClIlIl'lltly exlllhlllllg IIIcrl'a!-.ell weakne~~ III amhulalory PPS ca~es. The same 

analy.w .. wa~ caJrll'd out III PPS pattent. ... who weIl' uSlllg a whcckhalr for I1l0hllity. The 

1 l'Mill.., aIl' pIl' . .,ellll·!ln "ahle 2(). In amhulatory PPS ca!\e ..... mcrea!\eu weaknes~ (\Ccurrcd 

lIluch IllOlt· 1 rel JlIcntl y III Ihe lower ex trl'mIle~ than the Uppl'l extll'l1lIles (p<.OO 1 ), whereas 

III wheelchall-lI~pl'lld~nt PPS ca~e~, no ul!lerence wa~ lound In the proportIOns of upper 

L'Xlle1l1I1IL'~ and Jowel l'xtreI1lI1ie~ exlllhIlIllg Increased weakness 

h ('Oll1pallSOll o! plOpOl LIon!-. 01 prevHlusly invo\ved and llninvolved extrcmnies currcntly 

L'Xhlhllll1g Illcll'asl'd wl'akl1e~!-. 

'l'Il plovlde de'''l.'Il plI VI.' Ill! Olll1atlOll on PPS. lhe r)()portlOn~ 01 prevlOllsl y invol ved 

and unlllvo\ved L':\lll'IIlILIL'~ cUllently l'xlllhlllllg lllcrea~ed wedknes~ were cOl11pared. The 

rc~ult~ ail' pll'~l'nll'd ln Tanle 21 InClea~ed weakne~s was round 10 ()ccur much more 

ltl'qUl'lltly 111 pll'VlOll!-.ly Involved than 1Ill1nvolvl'd eXllelll1tie~ (p<.()() 1). 

C EvalualHlIl 01 cl !l'cl 01 1\1111.' on development or new syl11ptoms III PPS. 

An analy~l~ wa!-. pCllolllll'l! 10 dcll'llllll1e the IInpllllancc of lime alter polio. CUITent 

.Ige. and \Ve.l"'l1l· .... ~ al ,leUle poilU on lhe deve!opmelll or dlflelClll symplOms. aIl 

cUl1sHklCd III hl' pail 01 PPS. Post-pollo rallel11~ were dlvided inlo four groups: 
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Group 1: post-polio {:ontrols (no ncw ~ymrtllm!'., Idell ant gll\Up) 

Group 2: post-polio patients wilh nL'W laltguc (hOllkrltlll' L,I~l'!'.) 

Group 1: post-pollO pallcnt!'. Wilh IlL'W wcaklll'~~ and 1.111gUl' (GI!'.l'!'.) 

Group 4: pOSI-polw palIcnt!'. wllh l1ew latlgue, Wl .. lknl':-. .... , ,Inl! ,Itlllphy 

The re~u1t~ arc prc~~nlcu 111 Tahle 22 

An ANOVA wa~ perrormed III Jetl'IIl1II1l' Il a ~lgl1lltL'anl llllll'll'IlL'l' 11\ l ,111.'11\.' Y wa~ 

present hetwecn pattent gIOur~ A signllicanl dllkll'IIL'l' wa~ louml hl'I\\'l'l'Il (iIOllp:-' 1 

and 4, and Groups 2 and 4. 01 note I~ lhal dllllllg lhl' lhall Ii.'Vll·W. olll.\' ') hOldl·t1ll1l' 

cases wIth (Inly ncw wcakne:-.~ weil' roulld, ,il 1 oltH'f ldM':-' at:-.o compt.lllll'lI 01 lallglll' 

In addllion, ail pattent:-. WIth atlOphy hat! addlllOllal :-'ylllploJII:-' 01 Wl'aklll':-':-' and lallgul' 

with the exceptIOn 01 one who had an addlllOnal ~ylllpll)J11 01 weaknl'~~ ollly 

d. Evaluation or the thrce weakne:-.:-. :-.cvellty Illl·aMlIl·:-'. 

Means, stanuard devwtIO!1:-., IWO :-'LlIl1pll' l-tc .... I~ Wl~fe calculall'd lOi la:-.l'S and COli Il ols 

using the three dIfJercnl weakl1c!'.~ .... evcllty Illl·a!'.lIll'''' (a .... dl'~cllhed III Ihl' METI/( )I)S 

section) at thc threc dlllclcnt IUl1c per)()d~ u .... l·d ln lltc ~llIdy Tlw Il~~lIll. .... 0111.' IHt' .... l·lIll·d 

in Tahle 23. Simllar re~lIlt:-. WCll' ohtall1l'd lI~lIIg ail Ihlce meaMlIl'~ 1\ ""gllll kant 

dtffercnce hetween casc~ and contlOl ... wa .... IOUlld wllh ail 1!tIlT ll1ea ... UIC:-' al (11111.' III .IUIIl' 

polio and cunently lIowever, a d\. ... pallty Ifl lhc Il· ... lIlh wa .... oh"'\.·1 wd wlth Ihl' IIl1l'(' 

mca~ures at hc~t rOll1t altcl poll() Weakllc ........ ~cvellly ... cole t Il'V('dkd d tfl'Ild Ill'twl'l'n 

cases and controJ.... (p= OX4X), weakne ........... evel Ily ... lOlC 2 Il'vcakd /I() "'1.'-'/111 flant dll kll'ille 

(p=.1560), and Neakne~~ ~eve/lty ",cole \Icveakd tI "'lglIlIICalll dllklClIll' hl'(Wl'l'lIla~e~ 

and contlOb (p=.()()2l»). UllIvanall: logl~ltc regle ...... lo/l model ... were al ... o l,()lIlpUled lOI Ihe 

three weakness ~cvel1ty ~core~. Becitu .... c weakne ... .., ",cvcllly "'l,(lIe 1 wa ... 11ll: ollly IIlca:-.U1C 

whkh could eas]ly he entcrcd loto the I1wdel .... a ... a LOnltIlU()U ... vallilhlL-, Il Ilad Ille J:!reatc ... t 
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chance of producJI1g il ~jgnll1cant f('.,>ult Weaknes~ seventy score 1 had to he entered as 

a calegorJcal vallahle wllh 6 caLegoflc . .." greatly reduclflg Lhe Iikehhoo<J 01 havmg a 

,>LaII~tlC(t1ly \lglllllcanL re.,>ult wlth the numhel!-. (lJ paltents that wele avallahle for the 

.,>tuoy. ThLJ~, I()r the rllrp()!-.e~ oJ logi.'>tlC legre~~1On l11odehng, weakne!-.s severity score 

1 J!-. prohahly the ll1o~ll!lllcienl. 



TAULE 3: CORRELATION (W l'ATIENT ESTll\IATES OF "ARI.\IU.ES Ar HI\IE OF 
ACUTE l'OUO WITH DATA OIHAINEIl FRO!\l OLU 1I0SPIT,\1. <11,\RTS 

VARIABLE R N 

-------

Weaknes:- Severtly Mea~ure 1 4DO JI) 

Wcaknc!\:- SCvCrtly Mea~urc 2 ~n7X Il) 

Weakne"" Scvertly MCiI"urc ~ 42X~ , I} 

Age al Acule Polto IJXX2 2X 

LengtJl 01 IIo:-pltah/llllOn al Acule l'olto 7XOI 2~ 

Legend Pleasc rclcr to texl lor cmnputallOll 01 wl'aklle" ... "l'Wrlty IIIl'<I"lIIl'''. R = wIIl'I.llIll1l lOdl/lll'lIt 

TABLE 4: COMI'ARISON OF PATIENT ESTIMATES WITII UA1'A OIHAINlm ... IWM OU) 
HOSI'ITAL CHARTS FOR 3 INUE .. ENDENT VAIUAIU.ES 

VARIABLE 

Wcakne:-~ Sevcrtly MelL'.urc 
(al <Lcute pollo) 

Age al Acute Pollo (yr!\) 

LellgtJl 01 IIo"pll<t1l1allon 
al Acule Polto (mo,,) 

MI:AN±SI) 
Patient 
E:-lul\alC!\ 

21J76±14XX 

4 2X±2 71) 

I>at .. 1 rolll old 
lIo"pllal (,harl~ 

2 IOX± 1 1)1 

~ 7X±2 71) 

N l'-V 1\1 III, 

Il) ()'i21 

2X 

21 

Legcnd St> = ~talldard <.ICVlallOlI. yr ... = ycar". IllU" = 111011111". p-v.lluc = p-v.llue hl! IlIlIMIICt! I-\I.III"lll 
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., AIU"'. 5: CORRELATION 010 CURRENT SEVERITY OF WEAKNESS WITH MO')'OR 
~TREN(;'I'H SCORE1-I IN EACH EXTREMITY 

LX 1 HI Mlf Y I{ N 

1 dl uppn rXlrrllllly lM 

I~tl-'hl upper nlrrl/illy lX3 

J dl lower rxlrrltltly lo~ 

I{ tl.'hl IDwer rXlrrllllly 107 

J rgrlld 1< = lOrrdallDIl col'llïl'lclll 

TAHU; (,: SEVERITY 01' WI';AKNESS AT ACUTE »OLlO IN »ATŒNTS WHO WERE ANI> 
WERE NOT HOSI'ITALIZEH 

WI AKNJ.SS MI-AN ± SI> 1-V AJ.(JI: P-VAIJJE 
SI VI-I{II y SC'OI{1 1111"PII,lll/ro Nol lIo"pItalllco 

- -------

lA 2 77±1 +l (1l=IOX) 2 11±133 (11=24) 204 043 

Iii 2 'iX±1 4~ (1l=12X) 1 7<J±l l'i (11=42) i 25 0014 

2A 2 72± 1 17 (1l='J4) 2 IO±\ Oi (11=22) 22'i 0262 

21i 2 () h \ (H (Il= 1(0) l 'J7±() XX (11=111) 321 0010 

2 'JX± l'il (u= 12X) 2 17±1 14 (n=·l2) i09 ()O23 

\ l'l!t'Ild \Ve.l!..nl'\' \l'\'l'lll~ \lOrl''' A are witholllllllpuleo llll"lllg valuc.." WcaklJc\\ !>cvcnty ,corc~ B are 
\\ Ith IIIIIHI1t'.IIIII\\lng \ .Ihll", SI) = 'lanoard OI'VI<lllIllJ, p-valllc = Iwo-lmlcd p-valuc fur ullpalfcd H,tatlsUc 
JIll (hlkrl'lIll' hl'lWl'l'I1 ho ... ptlall/cd .U1d 1101 hmptlall/ed patlcIlL" plca,c rctcl to tCxl lor computatlOlI of 
\\l'.I!..Ill"" "('\l'rlly "lnrl" 



T AnLE 7: CORRELATION OF LEN<;TH OF HOSI'ITAUZATION \\'1111 SEVERin' OF 
WEAKNESS AT ACUTE "OUO 

WEAKNESS SEVI:RI 1 y SCORI: R N 

-------~------

lA 2S12 1)2 

lB 19S1 lOS 

2A 2'i4X ln 

2B 2m'i '1'7 

3 166tJ lOS 

Legend Weaklle~!I ~cventy 'core, A arc wtlholltlluputed 111"'111& v.lhll". Wl'al-.lll'" 'l'Wllly 'lllll" JI aIl' 
wlth IInputcd mt~'\Ilg value .. , p)ca .. e rcler to text lor computatIOn 01 weaklll· ... ' 'l'vellty 'WH' 
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TAnLE H, I·; ...... ECT OF OUTUERS ON LOGISTIC )Œ(iRESSION MO"ELING 

V ARrAllr J, I~ sr, -LO( ;- P-VALlJI~ ODDS <)5(1, C 1 
LIKH .1 Il oo/) RA'Jro 

- --- -- -- _.----

1 Jill vanalc Ânal y~c~ 

Age (yN O'iXfJ (J/77 Xl221 OOI~ 1060 1 02-1 1 

LalelH':y (YP,) 0466 017X X5 'iI)X 0110 1 04X ) OI-I.OX 

Age al 1'0 Ir 0 (yl~) 1121 4'i1l XI) 16') 7701 1142 43- 1 02 

WC,I"'Il'''~ al 1')04 1611 XI 1% 0172 147X \ OX-202 
A~lIlc Polro 

W cakllc~~ al Bc~1 'i447 42'iX 71 41)X 2060 \ 724 75-397 
aller 1'0 Ir 0 

('urrclll WC.Jklll'~~ l ')!6 47X2 'i421) 0003 fJ 795 266-1735 

Rl'lIIvcry ( 1 ) 71'i7 'i'J17 6771 'i235 2,OX7 M-fi fiX 
(2) 'i / 70 'i7'i1 1 fi77 54-5 IX 
en XI% fi21X 227 67-77\ 

»1 ..... lhll Il y al < Il ()~4'i 41X4 1\2 X'i 'i117 / Xfi7 X2-424 
Ik .... ldllel (2) \ 'i4 i ~ 1 IOX 4 fiX 53-4\ 06 
Poho nI 4447 \ 204 \ 5fi 15-\6 'i2 

(41 ') 'i4X') ')4 ,114 14010 '/ 

( 'lin l'III (1 ) 1 XI' 'i1~X 757fJ 0OI..J 6 /21) 2/5-/745 
1 )l',ahIIlIY (2) 2012 77~7 /362 2 1)1)-62 O'i 

n) Q'i2 ln 3157 3 43-2XI) 
(4) 2mx 1 /6 14X6 l 'i2-141 

l'hy~lull (1 ) - on4 1XI)X X(41) 6')05 1)2XX .. B-I 1)1) 
A~IIVlty (2) - 'ml 6,1126 'i526 15-2 1\ 

Sl'I( 11),111) 3747 XX ,1152 29\6 / 41) 7-3 / 

/{l'u:1I1 Wl'lght 1 iW'i 4'iXX 79 1)44 0044 3 X02 1 55-1) 34 
( i.\lll 

t\ III 'l" Il' l'a 111 1 01 ~7 ~XIX 79 t)44 om2 2751 / 3-'i X2 

IIll1l1 1',1111 1)441 4OX4 X6 X21) 022\) 257 \ 15-'i72 

t\1u .... dl' P.UII 1 4010 46'iX n 6)1) OOB 4062 ) 63-10 /2 
\\ 1\ h 1 \l'Il'I'l' 
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TAULE 8. IWFECT 0 .. OUTLIERS ON U)(;ISTIC RE(;RESSION l\I()J)ELlN(; (\ IIIlC.) 

VARIABLE SE -L()(j- Il-VA! \ 11· 
1.1 KI ~L111 OO! ) 

------------------ --- - --- ---- -

Muluvanate Analy~l~ 

Age (yr~) )()fi6 0317 ]946 ()(Kl4 

Weakne~~ at 3174 23fil) 142<; 
Acutc Pollo 
Mu~cle Pain 17X2 6942 OO'i() 

WIÜ\ Excrcl\e 
Recent WCIght 2 2(1) 7(~J4 ()( K)I) 

{ ,am 
Con~tm\l - 'i 6'1IJ 1 709 O(Kl4 

()])])S I)'i', (' 1 

RA III) 

1 Il 1 O'i-I 1 il 
! n .. SCl-: l') 

'i 1)41 l 'i2-' 1) 

Il I()'I 2 27- 'h ')7 

01H11 

Lcgcnu' ~ = IlIC c,>llJnalcu ... Iope cocllicJCnl, SE = Ihe c~tl1naled \Ialldard l'lnll III Ihl' l'\llIIlall'd ... Iope 
cocfliclCnl, 1)5 1;i (' 1 = IlIC I)'il!r confidcncc mlcrval 01 the odlh rallo. y'" = yl'.lf\ 
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TAnu·; 1). E ...... ECT <))<' MISSINC; VALUES ON LOGISTIC REGRESSION MODEUNG 

V A\{IAI~I.I: I~ SI: -LO( i- JI-vALlH: (»))J)S I)'i(;f CI 
L1K/:I.lIIOOI> RAIIO 

-- -- -- -----

(lrllvanalc IIl1xJeh 

Wcakllc ....... 11 ~2~ 170'i 62161 0614 13X2 91)-1 93 
AUJlc l'oho 1 A 

Wcakllc ...... al 40()<) 1'i1J'i X2127 0134 1493 1.09-204 
AUllc Pollo 1 B 

1~t'tovLTy 1 Ail) 6':\66 6'i'i7 'i499~ 430'i 1 X9 52-683 
(2) (1)'i1 6174 1 100 33-369 
n) / lOin 7'i14 3033 69-13 23 

I~ccovcry IIi! 1 ) 6'112 'i1J22 6X 51 506X 20 63-638 
(2) 474'1 'iï16 161 52-41J4 
n) X7'i'i 61/)7 24 71-X OS 

MlIlllvaJ talc modcl ... 

WcaJ..llc"," al 4'iX'i 2~ II 1X 'i21) 02'16 15R2 101-249 
AClilc Pollo 1 t\ 

1 ... Il'llly (1)'i4 ()~23 00 Il 1 100 103-1 17 
MlI\clc 1'.1111 1 21)X7 6057 02XI 3.665 1)9-13 4 
wllh l':xcrl'l'''c 

RCll'III WClghl l 'i 'i40 (721) 0097 4730 1 26-17 1 
( ,alll 

( '1)(1\1.1111 -4 N21 141n 0011 0124 

WC.IJ..lIl· ...... al 'i511) 2U'i '14 III O(~3 1737 1 14-264 
Al Il Il' l'oho 1 B 

1 al CillY ()'i ~6 0211 '1 0052 l.O55 1 (H -1 09 
1\11N'1c l'alll l 'i21 'i(21) 0029 4577 l 'i2-13 7X 
wllh "Xl'fll\l' 

Rl'l'l'III W cighi 1862,1{ ,'i760 {JOO4 fi 442 2 OX-19 86 
( •• 1111 

( '011'1.1111 -~ 27'i4 112) 0014 037X 

1 l'!!l'Ild WcaJ..llc ....... lIld RCUlYCry Scorc ... A arc tlll)~C WIOIOU( IIl1pUlcd mU,!>lIlg value ... , Weakne~!> and 
Rl'lIl\'l'l y Score' B .m· t/\\l'L' wlth tlllplltcd 1lI1~!>lIlg valuc!>, ~ = tlle csttrnaled ~Iopc coclliclCllt, SE = the 
c ... lllllalcd 'o1.ulll.lld CITIlI 01 Ihe l· ... lImalcd :o.lope col'ltiClcnt, 9'i(!t CI:: UIl: 9YX contïdencc lIlterval 01 Ille 
Ildd, r.lllIl 
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TABLE 10. I>I<:SCRIPTIVE STATlSTICS ON INUEI'ENUENT V.\IUAULES IN ENTIIŒ 
P()IlULATION OF "OST-I-OUO l' Al1 ENTS (l'Imtinllllu", '1I ... lIhl,· ... ) 

VARIABLE N MFAN ± sn RAN<i!' 

Age (yr!\) 166 494 ± 12 Ol' IS ')-7') Cl 

Lalency (yrs) 166 4~ 4 ± 12 1 l'i X-77 () 

Age al Poho (yr!\) 156 

Weakne~ ... al 162 237 ± 14~ 
Acule Poho 

Weakne,>), al Besl 14X X2 ± 66 0- ~ O'i 
aflcr Poho 

Currcnl Wcakne~~ 132 l:n±92 0-44 

Rccovery 145 1 A'i ± 1 2'i O-'i 

Dl~ablhly Index al 160 0-4 

al Be~l aftcr !Joho 

CUITcnt J)1~abJllly 162 1 44 ± 1 ()'i 0-4 

PhY"'lcal ACllVlly 1'i7 l 'il) ± 62 1-1 

Lcgcnd N = numher. Lalency = (hltercncc hclwcen cUffcnl agc .IIlII age al polto, SI).= ... Iallllal" 
UeVIallol1. yr~ = ycar~. plea~e rerer 10 lcxtlor de.,cnptloll 01 computatIon 01 wcaknl'\\ alld /('lOVl'IY .,ulre\ 



TAULE II. f)E~CRWI1VE STATISTICS ON JNmœENDENT VARIABLES IN ENTIRE 
POPULATION 0«' l'OST-POLIO PATIENTS (categurical variahleo;) 

V AR'J\BI.J~ PIWPO/{ /IONS (%) 

Scx (fcmalc) 104/166 (fi) 

RClclII WClghl (fam 64/1"8 (41) 

RCLCIII Trauma \5/162 (1) 

XIJ/ 1 ()'i ("4) 

JUIIII ''.1111 12X/l66 (77) 

Mu .. c1c l'am will! Excrcl~c 57/140 (41) 
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TABU~ 12, COMJlARISON (}J<' MEANS ()le' INI>EPENDENT VARIAI\LES IN (''\SI·:S ANI) 
C<) NTR()J.S (l'untinullu" ,urillhl .... ) 

VARIABLE MI:AN ± SI) P-VAU Il: 1>11'1 'hl, ('1 

CASES ('( )NTROI ,S 

Agc (yr~) 51 26±11 61' 4111±1I4'i oom 7 <)'i ~ S2-12 (17 
(11=127) (11=31) 

Lalency (yr!» 44 Xhll 1)4 ~X S2±11 70 0064 Cl () 1 1 S-IO 22 
(11=127) (11= V) 

Age al Poho (yr~) 644±737 4 41)± ~ 1) OXII) 1 I)'i IS-1 n 
(11=127) (n=31» 

W caktlc!>!> al 253±146 1 X3±1 IX ()09~ 7 24-1 16 
Acule Poho (11=126) (11=36) 

Weakncs~ al Bc ... t X7±67 63± 5X OX4X 24 - (lO'i- ..tX'i 

af/cr Poho (11=111) (11=21) 

('uITcnt Weakl1c~!> 1 52± 1)0 63± 51' < 0001 XI) (I:!- 1 HI 

(n=I03) (11=2<) 

Rccovcry 1 71±1 26 140±122 2 'il) 'i ~ 1 - (11)- X'î 
(n=IIX) (11=27) 

DI!>ahihty Indcx at <)I)± 77 Th O'i ()6~~ 26 ()()')2- 'i 1 

Best aller Poho (n=)21) (11=37) 

{'uITcnt DI~ahiltty 161±lm X7± XX (l()()1 74 ,~I-I 07 

(11=124) (11=11') 

PhY"'lcal ACllvlty 1 57± 61 1 M±67 'i247 07 )(1- q 
(n=IIX) (11=1<) 

Legend P-vl~ue = two-Imled p-value for 1I11paired 1-~WII~11L for l,I~<':'" and LOlllfllh, l.alcllLy = dlllcrclllc 
bctwecn currel1t agc ,Uld age al poho, SI> = ~Ialldard dcvlallOlJ, yr~ = year ... , \J/I l' c:; (1IIlCfCllll' OCIWel'fl 
mean~ for C(t),C), and <-olllmJ-" I)'i l!. (' 1 = 'J'il!. U>II/ïdClIlC Il!1erva)", dlllcf<.:IlU': III IIleolll ... hl'IWLCII <11\C\ 

and cOlltrol~, plca ... e reJer 10 texl for de ... cnplllHl uf LOIIlJ)UldIIOIl ot wcakllt' ... ~ dlld lCWVCI y '.lllfe, 
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TAULE 13, COMI'AKISON OF l'KOI'OKTIONS OF INUEI'ENUENT V AKIAULES IN CASES 
ANI> CONTKOLS (utl!gnrical varia hie.,) 

V!\IOABII·. PJ{OP( I){'IION~ ('1. ) Xl P-VAUJE DII oF. 95% CI 
(,A~I'~ ('ON rROLS 

---- --

Scx (lclIlalc) 10:2/127 (6'i) 22/1,1) ('i0) 357 9 -'1-17 

l~cccJlt WClghl (;alll 'i7/121 (47) 7/37 (19) .0002 2X 14-42 

Rcu'f11 1 raUIlI,1 151121 (12) O/'N (() 022 12 61-17'1 

Mu,dc 1'01111 7'i1l26 (60) 14/19 (6) 010 30 143-457 

Il li III P,1I1l 101/127 (1< 1) 2'i/3'1 (64) 027 17 1 3-33 

Mu,dl' l'alll 'i0/104 (41<) 7/36 (1 (1) om 29 13 3-44 7 
wllh 1 ~xcrt:l),e 

I.egl'Ild I>II'l' == dlllclcnlc hclweclI proporl1oll ... 01 c.t,c:-, .UlÛ wlltrob (mcw,l'rcd 111 pcrccnt), 95% CI 
== I)'i'.{ clIllltuellœ l1HcrV,111I1 thllcrelllC III proporUolI)' hctwccn c.t,c), and control1> (mca,ured 1Jl percent), 
X: p-valtll' pll'\l'ntl'd 1\ 1101 Clllllllllllly 1I11.JuJu\tcd 
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TAULE 14. COMPARISON OF MEANS OF INI>EPENDENT VARIABLES IN (;IHHII'S OF 
l'OST-POLIO PATiENTS (lIIntinum ... \arlllhlc') 

VARIABLE MEAN ± SI> l' -v A L 111-

CASES BOI{DFRI INI- CAS)-S ('()N 1 ROI S 2 

------ ~- --- ~ -

Age (yrs) 51 26±11 oS -lX 17±1O 'il .. jJ11±1I4'i OIKI' oxm 
(n=127) (n=25) (n=NI 

Lalency (yr~) 44 X1±11 ')4 V) N±X 71) ~X X2± Il 70 OO(w nn 
(n= 127) (1I=2'i) (II=N) 

Age al Pollo (yr~) 64h737 X hhlO 4X 4 41h"\ 1) 11(1) 02Xh 
(11=127) (n=2'i) (n='11)1 

Weakne~~ al 2 53±I 4() 2 17±1 _~6 1 X3±1 IX (l(ll) ~ 2'J'>X 
Acute PolIo (11=126) (n=2'i) (n= ~(l) 

W eal([)e~s at Be~t X7± (,7 7X± 7') 6h 'iS OS4S 4 ~ 1(1 
aitcr Poltu (n= II 'J) (n=21) (1I=2'» 

Currcnl Wcakne,' l 'i2± 'JO X'i± 77 6 ~± 'iS < (1)(11 2·127 
(n=103) (11=23) (n=2!») 

Rccovc.y 1 71± 1 26 1 1h 1 066 1 40±1 22 2'i1)'i X242 
(n=IIX) (11=21) (11=27) 

Dl~ab\hty Index al ')I)± 77 1 l'hl 01 7h (1') ofln ().l..1X 

Be,t al wr Pulto (n=123) (n=24) (n=d7) 

Currcllt J)1~ahillly 1 61±1 03 1 31±1 01 X7± XX OIK) 1 (l'i')4 
(n=124) (n=24) (1I=1X) 

Phy~lcal ActlVlly 1 57±(,1 l 'i6± 'iX 1 M±()7 'i247 (1212 
(n=IIX) (1\=2'i) (II=V)j 

Legcnd Borderltne ca,e'> hall clthcr weaklle" (n='1) or l.tllgue (n=20J, l'-V.tlIlC 1 = Iwo-I.IlIt'd P v .. lllc lor 
unpatred t-~Ulll'IIL lor dlllcrcl\l'C hClwt:C1I l""C\ alld Lonlwh, P-v.llue 2 = Iwo-laJlcd p-v.dlH lor IJ/lll.IJ/t'd 
H,Uttl~tK lor dltlcrem_e hctween honJcrllllc Ul'l" amllO/Hml", 1 .. 1!:lIly .;; dllll:l!:lIu' klwl"'1I ( 11I1!:111 al'l' 
and age al pollo, sn = "landard dcvlallllll, yr,::: year" plc.l\e Ider Il) I!:xl IIJI tle\LlIPIIl)1l III ( IJlllfllllalloll 

ot weaknt.!" ,U1U recovery "lorC' 
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TAULE IS. COM"ARI~ON OF .... Wl'ORTION~ OF JNI>EPENI>ENT V ARIAHLES IN 
(;)~()(JPS OF 1'()~T-POLl() PATIENTS (calcgorJcal "ariahlel» 

V AI<lABI J~ PROPOJ{ liONS (fil ) X~ P-VALUE 

CASI ~S BORD) )~) )N)~ (,AS)~S ('()N') ){()J,"i 2 

--- ~--- -- --------------

Sa (Ielllale) X2/127 (h'i) 1 X/2'i(72) 22/39 ('i6) j'i7 209 

I~ncill Wel!-,hl (,alll 'i7/121 (47) X/24 CB) 7/'1,7 (Il) O(X)2 202 

l~eu'lIl 11<111111<1 1'i/121 (12) 1/2'i (4) OJ}9 (0) 022 208 

MII~dL' l'alll 7'i/l20 (60) 10/24 (42) 14/19 (16) 010 647 

101111 l'alll 101/127 (XI) 16/2'i (04) 25/39 (64) 027 993 

MlI~clc l'am 'iO/l 04 (41<) X/21 n'il 7J}0 (Il) om 187 
wllh l~xen .. ·I"'l' 

I.egl'ild x.2 p-vahll' 1 = p-valut' 101 Xè le ... 1 lor lhlll'rellcc III proportIon ... helwcen l'l ... e~ and conlrol!, (p
v,t1Ul' JlIl'''l'IIIl'd 1\ nul ulIIlllllllly lIfladlU',Il'd), X~ p-value 2 = p-valul' lor X' lc~t lor dt/fercnre III 
plOplllllllll'" hl'IWl'l'1l hurdl'rltnt' C,N· ... and ulIIlrol ... (p-value pre ... enlcd 1 ... 1101 contlllully UlMdJu~tcd), 

h. k'lIll1l' 1.1 ... l· ... aIl' PU,I-po!rn P,llll'nl, will! l'1111er Ilew wcakne~~ (n='i) O[ lallgue (11=20) 



TAULE Hl: CATEW)RICAL UREAKDOWN OF CONTINlJOlJS \'AIU.\ULES 

VARIABlJ~ 

Age at Poho (yr!\l 

Weaknc!\!\ at Be!\t alter POllO 

Recnvcry A 

Rccovery B 

CA IH ;ORII·S 

0-70 
7 1 - 40 

()-()6 

() 7 - ~ 0'\ 

0-06 
07-16 
1 7 - 26 

'27- " 

()-o" 
06- 14" 
1 46 - 2"''' 
246-"0 
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TAULE 17. UNIVAIUATE L()(;)STlC REGRESSION MOUELS 

VARIABIJ-, I~ SI, IVSI-, -L()( i- P-VAlllI~ OJ)J)S 95(/' C 1 
LlKI:LlII()()j) RATIO 

----- -- ---- ~----------

Ape (per year) 0606 0176 14'i X16'i') OOX 1062 1026-1099 
(per dCladc) (1()6 176 1 X11 1 3-259 

1 a!clley (yearl 0464 0176 264'1 X6 '141 omx 1048 1012-1.084 
(pel deullle) 4M 176 1 59 1 13-225 

A)!c al l'oho IXI 44X2 4(11) 7'1 XI6 6!Œ6 1 19X 5-2 XX 

Wca"/Ie'~ tll 400') 1"9" 1 XI)6 X2127 OB4 1491 109-204 
Alllic l'oho 

Wl'aknc,,' al '176 424 1 35X 72 275 1794 1 78 77-408 
Bl'''l a/(el Pollo 

('lin t'nI Wcaknc,," l ')" 47X 4 OS "4 'il) O(xn 703 275-1794 

l<l'lOYer y ( 1 ) Nn2 '1')22 1 170 6X 'i 1 506X 20 63-63X 
(2) 474'1 '17~6 X272 161 52-494 
n) X7'i'i 6 l')? 14n 24 71-X OX 

j)",lhlhIY ( 1) 67~') 4176 1614 X~ X Il 4MO 196 X6-445 
Indcx al (2) l 'i4~ 1 IOX f N~ 468 '13-41 
Bl'~1 Aflcrn) 4447 1 204 ,N)~ 1 56 15-16 '1 
Poho (4) '1 'i'i 1)4 X4 IOO? 14,030 '1 

( '1111 ,nI (1) 1 X'i7 'iH~ ~ 41-:4 766'i6 ()O II 6407 225-1821 
j)"ahIIrIY (2) 2 hll '1 77~7 ~ ~7" n62 29-62 
Indcx nJ Q'i2 1 HI ~ CI" ~ 11 57 344-2X9 

(4) 2 X 16 1 1'i4 2441 1671 1 74-161 

Sn (kllIall'l ~42 n24 1) II{/) IJO OS 1 3624 140X 6X-292 

Rl'll'lIl WClghl 1 ~ ~I)'i 4'i76 21J27 XO IJ'iX 0042 3 X17 1 56-936 
(ialn 

MIN:1l' l'alll I)()'i'i ~I-:O() 2 'i41 X6 X71 012'\ 2626 1 25-553 

IInnl l'tllII 1-:77 403'1 21n xx 219 0322 2403 1 09-5 3 

~ll1,dl' l'.lIll l '44 4h46 2 X94 7l'n8 0047 3 X36 l '\4-9 'i4 
wllh l, \Crl'l'l' 

Il')!l'Ild I~ = IIIl' l"ltmall'd ,IOPl' COl'llïclClll, SI: = Ihc ,Ianuard crror 01 UlC c~lllllalcd :--Iopc cocfficlenl, 
I)~I; (' 1 = I)'i l

, l'Onltdl'Ill'l' mlcrval 01 Ihl' odd, ralw, l,alclIl:y = lunc bclwcen currenl agc anô age at poilu 
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TAIn,E IS. l\lUl,l'IVARIATE L()(;ISTIC RE(an:SSION !\lOJ)ELS 

VARIABI.E SE ~/Sl' -I.()( i- P- V AI III· 
I.IKU.lII()(}J) 

Modcl 1 
Age (pcr year) 
(per de cade ) 

Weakne:-. ... al 
Acule I>oho 

05..J 0226 2 .~62 'i 1 77 ~ 
226 
2216 2 2()'i 

Mu .. c1e Palll 1 ('()27 'iX'i73 2 736 
wllh ExcrcI\e 

Welghl (;am 
JOInt Palll 
Con:-.tillll 

Model2 

1 X'i71 'iXX~ 

X..J6I 'i6'i4 
--l 07X~ 1 2-l6 

_~ 1'i7 
1 ..JI)() 
-~ 27~ 

Latency( per ycar) 052<J 02:;7 22:;() 4X 1J76 
(per decat.le) 52<) 237 

Weakne", al 6-l16 2261 2 X~7 
Acute 1>0110 

Mu .. cle Palil 
wllh 1 ~xercl ... e 

Welght (;am 
Mu\de Palll 
JOInt Pain 
( 'OIl\tant 

Modcl 3 

2 'i70..J X614 2 <JX..J 

1 <J6'i 1 60()4 
-1216 7471 
X451 'i757 

-1lJ2..J') 1 244 

~ 273 
-1627 
146X 
- ~ l 'i 'i 

I.atency (per ye.tr) ()536 0211'i 2 'i~2 
2115 (per uelaùc) 5~6 

Weakne", al 'i 'i 1 <J lU'i 2 'iX6 
Acu Pollo 

Mw,cle )J,un 
wllh 1 ~xcrcl:-,e 

Welght {;alll 
('on"lanl 

Modcl 4 
Age (per year) 
(per dccat.le) 

Weakne'" al 
Acute Po1to 

Mmclc Pain 
wllh 1 :xercl\c 

Welght {;a\ll 

l'i21 'i629 2702 

1 1<63 'i76() 
-:; 27'i4 1 12'i 

:; 2:;..J 
-2 'JI 1 

0632 
o~2 

4104 

0221" 2X'i2 
2215 
214() 2 !n') 

1 660 l 'i 1<44 2 1<41 

l ')646 'i')06 1 :;27 

'i4 III 

'i2 X7X 

016X 

(l()()7 

1()26 
O()()'i 

Ol7h 

()()26 

()016 

O()()'i 
()XOO 
Il :;X 
O()()X 

o()·n 

(JO:!') 

()()()4 

O()14 

()Ol ') 

024X 

0020 

oom 

()!>IlS '1"'; (' 1 
RA IIU 

1 0"" 
1 7 
1 h~ 

() 4()') 

2n 
OIN) 

1 ()'i4 
1 hl) 

1 X'),} 

"1 l ''1 
21)(,') 

2 'lX 
() 1'17 

1 0'1 ') 

1 71 

l ''7 

1 ()fI" 

1 XX 
l ')·11 

1 III 1 1 
1 ()I) 2 Cl 

1 Ilh ,1 'l2 

2 112 -2() , 
7 ,- 7 ()(I 

1 ()()(l 1 1 
1 ()7 2 "1 
l ,1,1 :' ')/) 

2 2-.' \ 
() 1-1 \ 
-,,, 7 2 

lOI-lm 
1 1 \ .) Il 
1 1 ~ :' (I-I 

.~()X l')X(I 

1 02 1 1 1 
1 22') 
1 0: '2 \'i 

7 1 {2 2 2·1 'U (1 

Legend 13 = tJle e\l1l1\.tled ... Iope lllc/lluent, SI: = the \1,lIItJard effor (J/ Ihc c\II/II.tlcd \IIJp" loellllH'/II, 
9Y;' ('1 = 'J'if;' cllnJït.lcncc IIllerval 0/ tJ1C odd., rallll, Latency = IUlIC hclweclI lll/fCIII .1)'(' .IIH/ .I)'C al 

pollo 
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'1 ABU, JI}. MULTIVARIATE L()(;ISTIC REGRESSION MOUEL WITH INTERACTION 

VAIUABJ.l' li SI. I~/SL ·1 O( ,- P-VALIJI~ ol>ns I)'i'ir C 1 
1 [KU J[ [001> RAIl() 

1 alc/IL y (pcr yearJ O'i16 0211'i 2 'i12 'i4 III ()()'i2 1 OS'i lOI-lOI) 
(pcr deL.ldc) 'i16 211'i 171 1 13-2 (1 

Wc.lklll·"" al 'i 'i l ') 2H'i 2 'iX(l ()O43 1 737 1 14-264 
Alllie Poho 

MII\lk 1'.1111 l 'i21 'ifl2') 2702 (021) 4 'i77 IS2-137X 
wHh J Xl'flhC 

Wl'I).'hl (,.1111 1 X61 'i760 1214 ()(X14 fl 442 20X-19R6 
Wl'.tkIlC.,., x 1 ale/lLy 733X 
( '1111\1,1111 -1 27'i4 , 12'i -2 ')J , 0014 037X 

'cgclld I~ =: Ihe c.,llIlIalcd .,'ope lOcl/ïuc/lI, SI~ = thc \lanŒmJ CITor 01 thc c"tllllated "Iope l'oellielCllt, 
')'i'ir (' 1 ::.:: 'J'i'ir ulIIlidl'/lll' IIlterv,1l 01 tJll' odd" rallO, Lalen\.) = tlldC netwecn CUITcnt age and age at polto 
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TABU~ 20: COl\WARISON OF PROPORTIONS OF PIŒ\')OlISLY AFI·'E(TEU 
EXTREMITIES (ARMS VS LE(;S) ClIRIU:NTL' EXIIIIUl1N(; INCREASEIl WEAKNESS 

PA I1EN r (iROllP PROP()RIIONS (H 1 XIRI f\1111l ~ 
WI 1" INCRI ASI' Il WI AKNI'SS «( () 

ARf\lS 1 HiS 

AmbulalOry 'i4/11)X (27\ 114/171) «(H) 

(cuITent dl~ahlhty IIldcx d) 

{]~lIIg whcclcluur 27/44 (61) 
(current dt\ahlhty mdcx >2) 

.OOUI 

Ll'gelld X~ p-valul' = p-vaull' lor X' te,t lur dlllcrelile III pf()portlllfl, hl'tWl'l'll pll'\'loulw IIlvlliwd .11111, 

WIOI new we<lknc~ ... and prevuJu\ly lIIvolvcd Ieg, wllh IlC\\ wc.tklll'\\ 

TAilLE 21: COMPARISON (W PIU)J»ORTIONS 0'" l'REVIOUSI.Y M'FE( 'l'El) AN)) 
UNAFFECTEU EXTREMITIES CURRENTLY EXlllnI11N(; IN< '1ŒASEI> WI':AKNESS 

EXTREMIIY PROPOR liONS Will! IN( 'RI',ASI.!) WI AKNI'SS (';' ) X' l'-v,tllle 
PRI:\,[()( ISI y (iNINVOI,VI'J) PRI VI< li ISI y INVOI VI 1> 

---- - -- - ----- -- -

Lelt Ami 15/71 (21) 27/'i'i (41)) O()I 

Rlght Ann 17/74 (23) 2"i/"i() ('iO) ()(l? 

LeU Lcg 7/24 (29) (,()/IJO (71) .~ ()() 1 

Rtghl Ll'g 7/24 (29) (,X/XI) I7(J) <" ()() 1 

Ali 461 [1)1 (24) 1 X(,/2X4 «(,'i) .' ()() 1 

Lcgcllu X" p-value = p-value lor X" tc,t lor utlfcrcllLl' III pwporllOllo., helwl'I'II IJ/I'VI{)II'>ly 1IIlIIIVolvI'd 
cxtrclIlll1e ... wlth lIew weaJ...llc~", and prcvlOu\ly IIlvolVl;d l'xtrcIIIIIH:o., wltl! Ilew wl'aklll \\ 
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'1 AnLt<: 22: EJo'FEeT OF lIME ON I>EVELOJ>MENT OF NEW SYMPTOl\1S IN PPS 

V ARIAJlLL MI'.AN ± SI> 
(iROI If> 1 (iROIIP 2 (iROllP ~ (aWI1P 4 

------ ----

I.all'/I(. y 1X X2± Il 70 ~X V)±7 oX 43 7CJ± Il 75 47 47±12 31 
(11=19) (11=20) (n=X") (11=31) ) 

Age 4~11±JI4" 46 XI)± 1 () 71) "O42±1177 "2 oo± Il 5X 
(n=1(» (11=20) (n=X5) (11=11) 

Wcaklll'\\ al 1 X~±I IX 2 24±1 41 2 "o±1 42 2 3"±1 W 
Alule 1'0110 (1I=~6) (n=20) (n=X") (1I=1X) 

Il')!l'Ild SI) = \Iandard devI,l\uHl, (/fllU[1 1 =- [10\1-[10110 LOnIHl'" (110 new \ylllploll\\l, (iroup 2 = po\l
polu) p<lllelll\ WIIh new lallgul' (bOiderlllle C<N'\), (imup ~ = po..,I-P()11O pallenl\ WIUI ncw wcaknc..,~ and 
lallj!lll' ((;a\e\), (ifllllp -1 = pmI-polio pallelll.., \ .. 1111 llCW wcaknc..,.." lallgue, anu alrophy 
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TAULE 23. COMPARISON OF I\IEANS OF WEAKNESS SEVERIT\' I\IE.\M IRES 
IN CASE~ AND CONTROLS 

VARIABLE MI'AN ± SI) I-II'S 1 1'- \' 1\1 111 

CASI:S ('ON 1 R()I S 

- - ------ -

Wcakne ...... al 25hl46 1 Xhl IX om\ 
Acule POhll 1 (n= 1 26l (1I=~6) 

Wcakne ... \ al lle\l X7± 67 hh 'iX OX"X 
alkr Poho 1 (n=II'» (11=21)) 

('urrenl Wcakllc\\ l 'i2± I)() 6h 'iX < 0001 
( 103) (11=29) 

Weakne\!'! al 2 )'hI17 l ')C)± 'l" 0117 
Awle Polto 2 (11=12'i) (11= ~6) 

Weakne!'!\ al Be"'l 1 IX± (11 1 Ol± 'i l'ifl() 
alter Poho 2 (n=II'») (11=29 ) 

('urrenl Weakllc\\ 2 1 72± XI 1 Il 1 ± 'iO < O()() 1 
(n=lOl) (1I=2'J) 

Wcakne ... !'! al 2 X9± l 'il) 21"±127 ClI 
Acule Polto ~ (11=126) (1I=~6) 

Weaknc ...... al Be!'!l 1 <)2± 1 16 1 11± XI) 002') 
alter l'oho .1 (n=12(1) (II=~(») 

Currcnl \ reaklle~\ 1 2 i{'i± 1 41 11h% < O()OI 
(11= 127) (11=1'») 

Legend ('alculallllll III weaklle ...... mea"ufe ... '" de"'lflhed III Melhod ... SellHHl, SI) ::: "l:!/ldald dCVI.rlloll, 1 Il',l 
p-V1ÙUC = p-value lor ullpaued hlall\11l lm (hlll'reIlLe III IIIl',U'" helwl'l'II 1.1\1· .... IIHI 10/111111'> 
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U'SCIJSSJON 

'l'hl ........ tudy ha ......... llOwn thatthe he .... t muillvanate moùellor pn.!ÙlClmg who will ùcvelop 

l'PS JrI(lJcale .... that patJent~ who haù a grcaler weaknl'~~ at acute pollo, arc cUllcnlly nlùer, 

haVl' 1I1l1 .... Lle palfl WIll! L'Xl'rll~l', a relent WClghl galll, anù loml palfl aie tllO~e m()~t hkely 

10 deVl'l()p PPS ()Iher rr"k factors ."lIow/1 hl he IInporlanl In UllIvarrate analy~es are a 

1()llger IlIlll' .... IIlU· alulL' pollo, 1Il1l."lle pain, and po~slhly lL'cent lIaUllla Age at acute 

POIIP, Il'lOVl'l y aflel pollo, weaJ...nL' ....... al hl· ... t plllllt alter pollo. phY"'leal dcllVIly, and sex 

weil' Iloi COlltllhutlllg laLllll.'" ()ur ~tudy ul/llllm .... the I1I1dmg .... 01 plevlOu .... 1I1ve .... tJgatlOns 

w/Ill h havl' .... hown Ihal "'l'Wllly 01 aL'llle pollo I~ lin pOl tant III oetcl Il1l11l11g who Will 

dl'wlop PPS (4,(1,1 X, 19) Even thollgh oeglee 01 rL'co\'L'ly aHel pollo ()9), age al acute 

pollo ( 1 Xl. and phY"lutl adIvlly (19) haVl' hL'l'll shown 10 he .... lgnllIcantly gleatL'r JO PPS 

palll·II!.'" thall IIIlonllob III PIl'VIOI!'" ..,tUÙll·"'. and were gleaL.'1 111 ca . ..,e~ lhan contlllb ln our 

.... tudy. thnl' dll/l'll'IlU'''' dld IlllI Il'<tch ... lall"lIc.JI "'lgl1J/ICdlllC To OUI )...lIowledge, the 

v:\Ilahk .... 01 WL'aknL· .... .., at hL'"t pOint altL'1 ]/ll!JO, Il'll'Ilt WL'lghl galll, leCl:llt LIauma. muscle 

palll, III U"lll' palll WIll! l' XCllI"l', alld IOlllt palll hdVl' not heen PIl!vI()u~1 y ~tlldJed. 

A lil. ... l·-lOlllIOI lk."'I~n wa.., u"l'd plll1lanly hl:l,.U..,L' Il alloweù l'fJJclent lJ~e or ùata 

allL'ady avarlahll' Ihlough Ihl' MOIIIIl'al NeulOlogical ImtllUte P()~l-poh(l cllllle, and the 

~llIdy 0/ Illan)' poll'Illidi 1 J."k /ac!tll'" COIlClIITL'lllly ThemallllhlllCUllll. .. iI1thls type or 

dl' .... I~1I ail' hld ... III Ihl' HlL'llIl/llalHlll 01 L'<N~.'" dnù COI1!1ol .... , amI 111 thL' a ....... L' .... ~ll1enl or 

pnll'Iltlalll.,)... lalllll ... lllMldlly a",."'l'''''l·d hy IL'l,llI) 1I0WL' \'L' 1 , the .... L' ."'l)UIce.., 01 hlas dre not 

allulllqlll' 10 ld"l'-l'l1IIII III ~tllÙll''''' Cuhon "lUdll'~ ale abll ~lI~ceptIhle ln many 01 the same 

l·llOl.... An alll'lIIpl "'d.'" madl' 10 a."''''l'~'' Ihl' Iellahlhty ul Cd~l'IL OJltlO1 .... L'leetloll, and the 

valrdItv nI ..,nllll' \)1 IIIl' pOIl'II!1al II~k IdChl!..., '1 Ill' 1L' .... lIlt .... 01 thl'~l' al1aly~L'~ wlth thelr 

pll ........ lhll' IIllpdll (III Ihl' Il'Mllh llhl,lllll'd ail' dl~lll"'''''L'd hL'low. 

Thl' l'"I,!hlr ... IIIlIl·111 (lI l·.I .... l· ,lIld lïlJlIlO! gloup .... l'ail hL' hla~L'd lhrough Improper 
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asccrtamment. thagnllsls. or ~ekct\()n 01 study slIh)ects (52) SlIr\'l·lll.\llcl' hl"~ l',IIl \lCntl 

in di~eases whlch aIC a~ymplllm"tlc or have IIllld symphllm Patll'l1t~ WIHl aIL' ~l'l'Il mllll' 

onen hy medICal per~onnl'l (rOI a vallet y 01 1 l' <!M 111'. ) would he Il 10 Il' IIt.-l'lv 10 hl' 

diagnosl:d and tu he IIlduded ln a ~tlldy Hll\W"l'I, lor li dISl"l~l' whll'h l' .. 1)(llgll'~~IVl' ;"Id 

reqlllle~ meulcal aLlL'ntlon, !tttle \li no ~Ulvl'lllanl'l' hta~ \Vollid hl' PIl'M'llt hl'lallM' 1Ill' 

pattent would tend tll ~eek I11L'lhcal attl'ntlOI1 Patll'l1t~ wllh PPS do dl'\,l'I(lp .... vmpll\lll ... 

which allect thelr ahtllty to ùo eVl'lyda) actlvllll'~, thl'll'IOll' tlln: wUlIld Il'Ild hl M'l'''' 

medlcal attentIOn 101 thett rl()hkm~ l'Ill 111I~ 1 e"",oll , , ... 1IIVl'III,1I1U· hld'" 1" PlIlh,lhly 1 III 1 

Importanl \11 thl~ ~lluatHlIl SlIrvlval hla~ I~ abo 1101 <111 IlllpOlldll1 1"'''Ul' III lht. ... "'ludy 

hecallse PPS IS Idrely latal Bla~ III dtagIH)~I~ Lall (KCUI whl'Il Ihl' Pl'I,"OIl pl'lloltlltll1! Ihl' 

dIagnostIC le~l 1 ... aWall: 01 the palll'Ilt'~ l'XpO~Ull' ~Ialu~ l hl'Il' ail' IlU wl'II l'sl"hll~hl'd 

cntena and no .... '1I'l'111C dlagl1()~ttc tl'~1 lor PPS (1,7,14), l hl' dlagIHl ... I ... 1" lIladr h""'('\1 Oll 

the chl11cal ~ymptolm 01 the pallenl and the l'XclU"IOIl (lI olhel p() 'Ihlc ldll"'l'" lOI tlll' 

symptoI1ls. In thl~ ... ludy, thl' rel~on a~~lgnlllg (a~l'ILollllul "Ialu" Wd" dwall' 01 lhl' 

pattent~' cxro~ure slatu" hculu ... l' Imlh WL'Il' ddl'llllllll'd IhIUll.~ . .'Il d cllIl!l' lhalt Il'Vll'W 

ThllS, hla~ 111 lhagl1o~l~ LOU, have hel'n pl l· ... l' Il 1 , IHlwl'wI L d'dulllli (lI ~llllll~ wa~ 

determtned as ()h)cL'llvely a" p()~"'lhle Ikeau ... e III IlIl''',l' dlllllllllll· ... , IIlll" lall'I Il'IlalHlIly 

of casc!col1l101 ... latll~ wa~ a~"'l·..,~ed and wa." Illulld 10 hl' aL'lL'plahlt- al (J·I';' I\('h'lllllll hlil ... 

ci.tn occur thwugh a valldy III w,ly~ TIH' 1ll()~llrnp()lldlll "UUlt l' (lI \l'iL'llIOll Ill"'" III lIu ... 

study Lould have OCUIIll'd hccall"l' III the L111l1l' L1)()"l'll IIOlll whlLlI III llkllllly l,l,"l'" alld 

contmb. A h()~pltal-ha~ed ~pl'l'IalLy L'lIl11e wa~ Lhl'd a" a "()UIU' 1()1 tlll' ... 1 ully I)()pllialioll 

H()~pllal-ha~eù cl III Il \ ,l!L'llclally altJaU IlWll' "l'Vl'idy IllvolvL'd pdllL'lll\ II()wl'v('I, 

hecau~e hoth la~l''' alld LllllllOh Wl'Il' Idelllllll'd Ill)11l thl' "aml' dlllle populall("l, Ihl" Illil" 

shoulu haw eancellcd (lui ÂnolhL'1 ullIlullty III Il..,lllg a IIll'II()IHdll,III, h()\pJI,J! I)a"l'd 

chnic a .... a ."IUùy populatl()1l ~()lIILC 1 ... lh,,( "'()/lle L'XPO"'Ull''' u)lllJ have IllTlI ()Vl'I ()) 11I)(ll', 
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repre..,ented Agam, Il (":l..,e~ and contmb come lrom the ~ame populatIOn, thl~ effect 

..,houlll cancel out f {owever, lertalfl exp0l.,ure.., (I.,uch a~ II1lTca~ed phy~lcal actlvlly) could 

he ullder lepIC,,(:ntl:lI Hl a rnetropol1tan ~tudy populat)(l/1 wIth a c()n~cl}uent dll/ïculty 10 

Ilklllllying a "lgnllKant milh lal10 The power 01 a ca~e-contf()1 study decreases with a 

redul:lOll In the l'Xpmule lall: III lOi1ItOI.I., (52) Thu.." nllrnerou~ ~()urce~ lor hias In 

ca."e/contlol I.,eklllOIl ldn Olcur, hmvevel the rno~t Imp<lIlant one lm lhl~ ~lUdy was 

plohahly l'IIO/ III dldgIlOl.,I\ 1111\ wa~ dt lea . ..,t palLIally evaJuated a~ dl~cu~~ed ahove. 

Ml'dl.,lIlellll'nt l'lnll III dl'tellllllllllg pa:-.t l'XpO\UIl':-' III lal.,c/co!1Uol ~tudlc~ can occur 

IIOIll Impelll'ct lecllld~,laulty Il'lall, prevancatllll1, or Implopel II1telvlewlllg technil}ues 

(52) 'l'hl; 1Il0~t Impo/tant ~()lJIle 01 elrol 111 lhl:-' ~tlJdy wa~ plllhahly l'l'cali htas In 

dl'tcIllllllaLIoll 01 ..,Ollll· 01 lhe nsk lactol~ Ca:-.e:-. may ovele~lIll1ate exp(l:-'lIIc or may he 

1110 Il' l'dl l'ItJi III a~."'l' ~"'lllg Il ln addIl1oJ1, the kngth 01 t IIne ~lIlle expo:-,ul e and the age 

at wlllch thl' n.po\ull' IlcclIlled may haVl' hel'Il Impoltant ..,Olllll'''' nll'iloi lOI .\Ollle orthe 

vallahk~ III 1111:-' .\tully Patient..., weil' a~ked tll lecall an evellt tflat had (lcclIlled :-.evewl 

dl'l adl'\ "go and ,It ail l'ally agl' Fil 1 Ihl':-.e 1 l'a~on:-., an l'ValuatIOn (lI Il'call lI1accuracy 

w.t~ Call1l'd Ollt lOI SOl1ll' 01 thl' Il:-'~ lact(ll~ To l'valuate the recall aCl'lllucy (lI age aL 

anlle !l0IIO, Il'lIgth 01 IHl .... pllaJllal1on at aL'llle pollo, and weakne~~ al anile plll!O, pallcnl 

l'~tll1ldtl'''' 01 lhl· ... l· /llea~lIll':-' \Vl'Il' Ullll'iaied \VIth data (lhlallled IIOIll old l'harts on a 

plllpOlllOIl 01 l.l"'l'''' ,tilt! l()lltl!ll~ 'Ill' cOIlelat((lll COl'lIl11l'llt:-. lnl af!l' at aulle pollo and 

kngth 01 Ihl~pllalI/.tllon weIL' glHlll 10 9X (n=2lJ), and () 7X (11=231. Il'~rl·LIIVl'ly). Thus, 

tlll' pl ltl'lItlal Il:-'1<. lacl(llS 01 agl' al ,Iulll' puho and latellcy (Ienglh 01 lime ~lI1œ acuLC 

polro) \\'l'Il' \wll nll'a~lIll'd hy patll'nl Il'call lIowl'vl'r. the conelallOl1 coC/ftclent for 

wl'.tknl'~~ al :Ill/IL' pulill \\'a~ lm\' at (lA 1 (n= 1 9). Thl~ may hl' IlH1IcdllVl' hoth 01 

lIIan:ulde)' 111 palll'Ill Il'L'all and 111 thl' data 'h.lIlahk· III hll~rllal lhalh Many of the 

L'h,1I t~ h.ld no lIenll ate molol l'Xam1l1atlllJ1, and Whl'll a de:-,clIplllll1 wa:-. prl':-'l'111. Ilequently 



therc was only one Becall~e the deVl'lnpn1l'nl of Wl'aklll'~~ dUlln~ "lute p(l!tn Lill (lrUll 

ovl'r a pl'nod 01':2 to l'vell glL'atl'1 th,ll1 7 day:-. \2()1. 11 \\.I~ ulfflLlllt ln 1--111\\\ whelhl'I lhl' 

one exammal10n recorueu dL'\Cl1neu 11lL' pallelH al Ilw wIl\~1 1'1111\11\1 II\\.' 11I1ll'~~ (hn d,II,\ 

show that pallenl:-. tcnded to OVI'Il'.\lllnalL· lhl' deglce nf lhl'Il \\\ .. lkllL· ... ~ ,Il ,Irult' pollo ,1:-' 

compared to dala aV<lIlahle !tom old 11O.\[1llal chall:-. \VI' abo foulld IH\ ~1~ll1lll"lll 

rdatlOn:-.hlp helween ucgree 01 Il'utll \l14llCUlacy Wllh 110111 age dl acull' polin ,md Il'nglh 

of time SIIlCC acute poho Unl(lI .1llalL'ly. llll' l'Ikll of ld.\l'Illllllwl \l"lu'" (\11 (t'lall 

muccUlucy of weakne:-.~ al anlll' poiln W,I', 11llp()~:-'lniL' 10 l'vaillillt' hl'Idll\\' (dd 1I0.,pllal 

records wCle avallahlc Iln only one conllOl '1'0 llll'a:-.UIL' llll' cun ... llllll vahLl!ty 1\1 

wcaknc.\.\ at anlle polIO. mean :-.evellly 01 wcakllc:-,:-, al acull' pOllO W"'" lOlllpdll'd III IhoM' 

paticnt.\ who wcre aJld wcre Ilol ho~ptlalt/ed. and lound 10 l1t' .... lgllrflcd1dly dlllcH·1l1. l'hl' 

conCUlTenH:rrtl'1l011 ll/ienll'd valJtllly 01 llllJl~lll .... L·vl'Illy 01 wl'aklll' ........ W.l~ a\~l'\M·t! Ily 

corrclatmg pallent l' .... llll1dtC.\ OICUIICIII :-'l'\'L'llIy 1/1 wcakrll·\.'> lIIl·.llh \'\III'lIllly wilh Illolol 

.\lrl'ngth ~COIC:-' (ha:-.cd on phY.\ll'al exaJ1llllalloJ)) lOI calh l'Xlll'1l111)', alld W.l ... fOlilld 10 hl' 

acœptahlc (langc wa .... r=(),67 to O,X 1 fil( lh~ loui \.·xll~·lIltll~·"") '111l1~, pilll~'111 In,lIl 01 "t!l' 

at aeute pollo, lalcncy, and kngth of hO.""plldlllallOll wa:-. aLCllldll', !JOWl'Vl'l llll' ilCCUJjIlY 

of patlcnt l'stimates of .... CVl·llty (lI weak lIe:-.:-. al alule p()IIO Will Ill·l·t! f 1111 hl'I .... t llt! y 

Dl'spitt' thl.\ dlllrculty, patlcnl c:-.llmall',> 01 Wl'aklll·\.,> ..... CVl·llIy al alull' ppl!!) dlltl dl PIL'M'1I1 

corrclatcd lallly weil wlth lllhl'r ll1eaMIll' .... ()f wl·akIlC .... '> '>l'Vl'Illy 1111' p()\\lhlt- IlldlllllilLy 

in patlcnt n~call ()I wl~akI1L'\\ al aulle pollo lllay havI' Il'duLl'd IIll' \lall\lll,1I "'1t!11I1 Il illiU' 

of :-.omc 01 OUI Ic.\ulh WIlh thl, vallahle, IHIWl~Vl'l 1111 .... Illl',I\lI11' lild "ppl'al 10 a ....... e ... \ 

degree 01 wcaknl'.\:-' fr()m polIO aL Ica,>l l() a nllldclaie dC)!Il'l' 

Ithcr ..... ollrcc:-. 01 I11cilMllelllcnl enol 01 expo.\lIrc:-. aIL' 1ll1l'l VII:W('I hl a .... alld 

prevallcatton Intcrvlcwcr."" Illay pronc ca~e.., morc deeply 011 CXP0'>lIll' tllan (OIHIOI .... , allli 

inlcrviewcl.\ may lhcm .... dve:-. ()vcrc.\ttmale ccrtalll cxpmllll''''' hl·lau .... l' III thelf ()WII 
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hyp()thl!~c~ ln addtllOn, mterVIl!wer" can expre."s plea~url! or di~pleasuœ ahout certam 

rc."p(Hl~C~ dlrcctly or Ifldm'ctly through "hody language" To aVOId :-.uch ."ource~ of hias, 

tralllcll IIllerVICwe,,, ... I}(luld hc LI~ed (52). InterVIewer hla." coulll have hcen a :-.ource for 

CIIOI III IIII~ :-.tuuy TI Ulnl'd IIltnvlewel" weIl! nol uscd and no <lllempl wa~ made to 

;I."M~~." Ihl~ pm"lhlc "flllrcc IllI l'nor However, a ."tandardl/cd Imm wa~ used for 

galherllll-! délta OH Illo:-.t Il''].. laLl(" .... coll~ld\'ICd ln tllI~ .'.tlloy. therelorc ail cases and 

COIIII01~ WCIl~ a~kcd to a ...... l· .... ~ nj()~1 valldhk... 101 a kw vdlwhle ... :-.uch a~ llheslty and 

IraLlllla, Ihe data WCll' II()L alw<lY:-' <lvallahlL' :-'IIILe the ... e vanahle~ were not lI~ted on the 

lorlll. Rathcr, Ihl' dal:t lor till'ill Wl'rc ohlallled lrolll the pa..,t meulcal hl.'.tOly ll1 the letters 

pll'paled lOI c<llll pallcllt (tn thl' Il'lelllng phY:-'ICIaH). Thll~, a hw.'" could have <l1l:-.e/1 wIlh 

Ihl'~l' vallahk .... ..,lIllT c<l .... e ... wOlild hl' n1OIL' IIkely 10 he ljlle:-.twnL'd ahout cCltmJ1 vanahles 

Ihal1 cOlltrol:-, HIa ... al 1~lIlg lrom prl'VallLallO/1 can he a pJOhlL'm 111 ca.'.e~ who may reccrve 

dr~ahtlrly pay (l) "'()ll1l' otllcl lmlll 01 cOlllpell . ..,atHH1 If Ihe\' o\'erL'~LJl1lall~ an expn~lJIe 

('ol1vel:-'l'ly, Il " palllCllf ... l ,\po ... ure ml'an~ I()~~ ni a loh, Ihl' pallcllt may LlJllklestJmate 

II. No hw:-. would illlM' Il thc ~dll1e phCJ101lll'1I0J1 OCClII S 111 holll gJOup~ Thl~ may have 

heell a rL'lalIvcly :-'l11all "'Illlll'L' f(ll CIIOI III our ~tlldy (na .... L·d OJl chllIcal expellence) with 

vallahk~ .\llch a ... phY"'IL,d aLllVlty, Ltalll11a, n1ll~cle palll, and IIlII1t pall1. No atLempt was 

madl' to a ........ c ....... Iim pO ...... lhk .~()lIllL· l(l( el)(ll 111 thl~ ~tlldy 

I\llolhl'1 1lllllt.tll0I1 III Ihls ... Iutly may hl' Ihe 1111111her or ea~e~ anù conllOls lùentllÏeù 

fUI rhl' "'(IIll\, .1Ild IIIl' l'llll~l'lJlIl'llt 11I1111111illn:-. Hl the pOWCI or the stlldy, and 111 the SII.C III 

thl' odds Id(JI) wlllch Ihl' ~llIdy wa~ ahk tll dl'lect. As Ùlscll~~ed prc\'Hlll:-.ly 111 the 

ML'IIHlds M'cIIOIl, tlll~ ~llldy shoulLl h.tVL' hel'Il ah le 10 ucteel an oud~ 1 alill of :2 5 lOf a 

COIlII\lIl'\po~lIll' lalL' ul p = (lA l'hl' rl'lallvcly :-.malllllllnbcr of control:-, (N) IdentrlIed 

III Ihl ...... llId~ pl(ldlll'l'~ a 1,lIgl'l cOlllHll'l1lL' IIlterval 01 11ll' l· ... l1matl'd odd.'. ratHl:-'. and lhus 

ll'dlll\'. ... (Ill' .ll·lllran ilnd tlll' ~(atl~(IL'al :-'lgl1lflL'anœ 01 thl' rL'~lllt~. BL'Call~l' 01 thl~, a 



so 

largcr muIti-œnter stuùy may he indKatl'd \11 Ihl' IUIUIl' III a:-.:-.l':-'s Ihl' IlllpOI t.IIH:C 01 

p()~slhle risk raclor~ whlch weiL' l11ea:-'lIIl'd hy IInpll·ll."l· Il1L·lhod:-. III !lm. ~llId~ (:-.w:h :1:-' 

physlCal actlvlty, and ohe~Hy), 01 wlm h ll·\'\.·akd ~pl'Lllll' IIl·nd:-.. !.llhrl Ih.tn :-.1"tl~l1l'ally 

sigmficant odd~ ratios (such d~ lecovel y) 

AlteInallvl' :-.llIdy de~lgn:-. WCll' a plll:-.pecIIVl· COhllll ";Iud\'. a Il'llll:-,pCCIIVl' l'ohm 1 

sludy, and a pro~pl'l'lIV('-rellll"IK'lllvl' l'ohml ~llIdy A plll~pl'cll\'" llll!llIl ~llIdy III 

indlvlduab wIth anlle pmalylll pollo ,hal IlllIll\wd llldl\'ldll.tl~ 1(\1 .1 "uIIILH'llIlv 101l)! 

penod (lI IlInl' Ml thal J l'l'lldlll plllpOrll()1l wlluld dl'Vl'lOj1 PPS wlluld he IIIlj1o." .... lbk III 

North Amenca hl'call~l' al' li le pol]() I~ vlIlllally 111111-l·XI~I.\Il1 Tlw. IYI)\,' III ~1ll\lv \k~lgll 

may ~tlll hl' pO"'~lhle III the Ihlltl WOI Id whell' acull' pollo l(HlIlIlll'· ... 10 1)(' l'OIllIlHlIl 

However. Ihe long lIInc pl'Ilmi (lI lollllw-up nece,"'~aly (M·vL'I.t1 dl·l.ldl'~) woulli lIloilo-l' Il 

very dllTlcult A lelro~pecllvl' l'oholl ~IUll\. W,l'-, <tlloliwl pO~~lhdlly. huI Illa\, hav\' ..,1111 

presl'Ilted dllillultle.., wllh d.., . ..,l· . .., .... ll1ellt 01 mk 1,lllol'" (dOlll' III" Il'llIl'''pl'lln'\' ",,,IIIOII), dlHI 

10 ldl~llllrllall()1l or Cil~l'''', 13l'l'dlL ... l· Ilot ail p,lIll'llI" 110111 IIIl' 11I1I1,t1lohOlI Ilklllrlll'd lould 

have heen ltacl'd. th()~c lound may he ~l'Il'cll'd 11\ a hJa~l'd III illllK' 1 'l'hl' palll'ilh Il au't! 

might have heen Ihme ll1()[e ~l'veICly Involveu (wlLh IL:~~ IllOhJllly) III "ddllloll.lhl' 1!llllal 

cohOlt H.lenlllied woulll pwhahly have hl~l~1l IWIll il Iq.!I~lIy (II palll'nl ... 1I0"'pll,lIl/l'd 101 

aCUle pOllO at a pdlllClIlal ho~pIlal, and Illay Ihu.., havl' Il'jHl'\''lIll'd Ihl' IIJUIl' ",'Vl'Il' ca~('\ 

of acute pollo A Icll()~pectlvc c(}hon ~llIuy wa.., pl'II()J 1 Il l'Il hv ('odd l'I id wllh L1"la 

avmlahlc atthe Mayo ('IIIlIC (2) The plllr\)~e of Ilw • ..,luLly wa ... 110110 "..,..,l· ... " II. ... k l''clol. ... 

for PPS, hui hl provlue II\llllmal1oll on lhe plOpOlllOll 01 palll·nl .... whl) h.tVl· hall anlle 

polio who will deve!op PPS, dlHl to r)JOVllle L1l'''l'IlpllVl' IIlIOJ III all 011 011 Ihnl' pallelll.., 

Even 111 the Ideall'lllUIl1~lance ... rll' ... L·nt III 1 Ill' ()llmlead ('ollllly, MIIIIIl'..,ol.t t!;llah"..,l· (1 l' 

det,uled anu ... tandardl/cd mClhcalll'l(lllh, li Il'Iallvely 1I111l1(,j)Jll' P{)jlUldlJ(I))). 2 ~ olll 01 

173 (11',1) of pallenl ... ltlltwlly IdcnllfH.:d Il'IlHtlIlCd Llllllall'd "hl~ll'I{)Il', thl' 1{)1l!! Illlll' 
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penod neu~ ... ~ary lor development (ll PPS, even In the mo~t Ideal cJn.:um~tanœs, ~till 

make~ Ltm type 01 .,Lully llllliclIll A IhIrd cohml lI('~lgn allernallve wa~ a study WhlCh 

COll1nlne ... nolh n:IJ()~peCltve and pro ... pecllve Iedtule~ For thl~ type (lI ~tudy, a cohort or 

pallent..., wllh a tll~IOly (lI paralyllc p()110 WIthout PPS could have heen IdentlflCd, certam 

potCIllJaI n ... k Im,tol" "'lIcll a ... phY"'llal actlvlly anù ohe~lly mea~ureù, anù then the group 

((lulLl haw nCl'll lollowed lOI d pl'Ij()Ù 01 ') ln 10 year. ... 10 developmenl 01 PPS ThIS type 

nI .... tudy de..,11!1l woulll have allowed dLLlllate a .... ~e~ .... ll1enl 01 cclt;lln 11. ... 1<. factol~, hut woulù 

have nl'Cl· ...... l\dted Ih\' utllllallOl1 01 multIple celllcl~, a JUllg loI. \W-UP pClIOÙ, and 

c()n~ldelanle l'Xpl'Il .... l· Thll~, a ca~e-control ~IUùy de~lgn wa~ L1~ed, and ~ome 01 the 

pO!>. .... lhlc WlllCl'~ lOI ellOl were a .... ~l'!>.!>.ed 

J)l'~plle ail Ihl' po..,,,,hle !>.()lIICe~ 01 enOl 111 our ~tudy, Olll 11I1ùlJlgs on the Important 

II~k 1 aett Il ~ f (lI PPS .Ill' C(lll.",~lelll wlth pl eVJ()u~1 y prop(l~ed hypothe~es fOI PPS The 

sevl'lIly of Ihl' ollglllaf molol lleUWI1 POIJ(IVll U~ II1va~101l a .... e~,lllnated hy the ~eventy 01 

\Vl'aklll'~~ al î1Lull' pnllll ha~ hl'l'l1 rrop(}~l'd to hl' lI11porlanl 101 lhe devdopmCtit or PPS 

(·t ,hJ( (), 1 X. ! (» Ilw, wa~ CllIllIl l11l'd hy OUI :-.tudy. Becau~l' PPS 1'1 lhoughl t() It~~ult t rom 

a dl!>.lal degL'llL'ldllOIl uf elllmged nwtol ul1ll~ (as a n~~uIt 01 lhe lecoVl'ly proces~ t'rom 

arule IwalyllL polJ()) (X,l)). the degll'l' of 1110«11 ltrlll L'nlmgement a~ l1l~a:-'U1eù hy the 

dl'~ll'e of IIlU"'LlIl,1I Il'l(l\'l'IY "Ill'I Ihl!tO ilia)' abo hl' a lI~k lacl()( rOI PPS (1 <)) AIthough 

\VL' IOlllld .t ~Il·.tll'I tl'l'O\'l'i \' III La~l'~ than rontlob. thl~ dll!eIl'IlL'l' L1lù not IL'aLiI ~tatl~tlcal 

~1~llll1l ,IIlCl' tp-\'ahll' Il 2h. T,lhk 12). and dlll not Il' Mill III a !>.lgllllicant ()ÙÙ~ IatIO. 

Rathl'I, tlllJ ..,Iully :-.11()\\'L'd Ihat Lhl' ~upellmpO:-'II\lll1 01 laLer phel1omenOI1 ~uch a~ overuse, 

lkwloPIllL'111 of palll. and agl'lIlg O\'L'I 111111'11 ~l'veIJly me 01 glealel lI11pllllance than 

1 l'l'Il \'l' 1 \'. 

l'II Ill' ~lIln' acule pnlto and age ha VL' al~o heen pJ()po~ed a~ pll!>.~lhk contllhutors to 

PPS ((l_ll) rllnl' SlIll'l' acutl' pnlin may he a Illl'a~U1l' nI Ovel use nI enlmged motor units, 
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and current age may he li mea!'>ure III the nOllllal agell1g pll)l.l'!'>~. Ille 11111111," p((l~ll'!'>~1 \'l' 

dropout of motor l1eu)()n~ and the deClI'<I~L' 111 glilwlh hOIIllOI1l' ,1Ill! ~1l(ll,llllll\l'l1ll1 (' Incb 

(wilh lo~~ of lhl'Ir ~Upplll tlve L'I kcl~ on l1111!'>L'le Ilhl'l hYPl'lIl1lphy alHI IlWIOI 1ll'1I11111 

sproul1l1g) wHh grealer age l'an hl' a [1lellpllallllg 1,ILlm 1111 PPS (7. V) nI 

vanahles are cmrelatcd wlth l'adl other, and wc 1I11llld hlllh III hl' 111I1)(1I1.1I11 III plcdlltlll,!! 

PPS in UnlvalJatL' and 1l11111I\'<lnlltL' ,1I1,Ily~l'~. 11Il\V\'\'L'1 llllll'Ill .Igl' \\'.1'> 1Il1llld III Ill' .1 Il Il li l' 

Important laclor ... latl~tJcally thdn kll,!!lh (lI 111Ih' ,'HIll' ,Il'lll\' pllll11 

('hlOI11C ()Vèlll~L' ha ... al:-.o hl'en plOpo ... ed .1'" a l 1llllllhuIIIl,!! fallol 10 \'PS ( 1,\ ()). Thu!'>, 

variah\e:-. such a!'> phY"'lcal alll\'lly, welghl ,!!alll. 1I111!'>ck palll \\<1111 l'Xl'IU:-'l', and Il'ù'nl 

lrauma may L le p(l:-':-'Ih\e Il:-.k laLllIr~ ()UI :-.Iudv ... I1O\\,('d th"l lL'll'lll Wl'Ighl gaIn. 

muscle pa1l1 wnh eXL'lCi!'>e. amI pO:-. .... lhly lelL'lIllldUllld aIL' 1Il1P()lt.1I11 lallol~ III dl'tl'lIllllllll,!! 

who wOllld develop PPS, thu:-. lonlllll1l11g 1111,'" hypllthl·,..,I... PhY"L,d ,llIIVII)' (llle,IMIII'!! 

hy an ImprcCI:-.e , ... cale) wa ... lound Ilot ln hl' Impoltant 'l'hl. ... IlldY hl' du!' tll IlIl·" ... Ull·IIII·111 

L'rrilr or to IIl:-'UllICIL'llt powel Howevcl, ll1u:-'llL' p.l111 wllh l'Xl'll''l' wltlLh 1l1,IY Ill' a 

cJilllcalmea:-'lIre 01 OVClllse and damagl' lil lIlu:-'Lk wa~ a :-'lglllIILant w.J.. IdLlol (,lXAI». 

ThiS ftnùll1g 1:-' con:-'I:-.tent wlth a pleVI(\lI~ lepoll 01 IIIclea~ed CPK kwh (ail l'lI/.yllll' 

whlCh 1:-' known tll hL' Il'Iea ... eù hy IllIUleU lIlu:-.L1L') 111 PPS palll'lIl.\ alld Ilot 1/1 pmi-polio 

cnntrob (6) ln aÙdltloll, OUI llI1lhllg thal 1I11lca"'l'd Wl'aklll· ...... Olllll ... IIIl1lh !lIOIL' 

lrL'quenLly 111 thl' IOWLT l'XllemllH:'" Ihan IhL' uppel l·.\t1 l'Ill 1 Ill'" III (lllIhulallllY PPS Pdlll'II'" 

glve~ Gl'dence to tllL' IlOtJ(lll Ihal phY\lLdl al'lIvlly 1l1,IY lI11lcl'd 1)(' l!ll(lOII.!111 lOI \II\' 

devel()pment 01 IIlLTl~'Ll.,ed weaknc:-. ... Lowcl l·1(tll'mllll· ... ail' plt· .... ulll.thly lI'>l'd IllliLII /IWII' 

lhan UppCI exLJl~/l1I\Je:-. III amhulal(lIY pallent ... Ail l'xplana!J()1l 1(11 OUI lI)lIlladlll()IY 

ftnùlllg:-. '" lllat thL' ilnlOunl 01 phY"'llal aCtlVlly I~ Il()t a ... I/lJp()llanl a .... 11ll' 1I111·1I ... lIy I() 

whlCh thl' aCllvtly 1:-' CaJl/(.:l! out Fleqllent pellOlh 01 actlvlly, Il 1/11l'I"'pel\l'd wllh I(· ... t 

pen(}ù~ and lhe aVOIdanlL' 01 l1lu ... cle patrJ wlth aLllvlly Illay Il\.' ... ak Hl P(hl poll() patll'lIl'" 



ThL:\L: Imdmg~ wIll nL:L:d lurther ..,tudy. 

JOInl P,1I1l arld lllu\c1e pam werL: al~() ~h(lwn lo he ~lgntll\.:ant factor~ III untvanate 

anal y\l'\. Thl..., Ilf1umg may ~lJn pl y he a rel IectlOn (lI the faet that pain i~~ the third 

comp()lll'nl 01 PPS, or Il may he another measure of ovelUM.~ Of even dl!o.u~e_ Jomt and 

nlll...,c1c paIn can hl' /('Iated 10 exe/CI~e, and thu!o. he mdlrL:cl mea!o.l1/c~ or (lveru~c (7,50,51). 

Pa III , c"'pl'c/ally IO/fll palfl may he Illore IIkely to (lCClU ln weaker or newly weakened 

11lI1h.\ hl'lilll..,C 01 !Ill' lack (lI rnll~cula/ ..,uPP(1I1 10 IOlJ1t!o. fI1 the 1I1volvc-l 'xllemites (50,5:). 

PaIn can al...,o kali III dCl/(·iI!o.ed 1I .... 1' 01 cerlam mll~cle!o. wlth thl' dl'vèlopment 01 dlsu .... e 

allophy antl weahfll''''''' (51) Thll~, palll cal1 pleœde DI follow thc development 01 

Illc/caM'lI wl'aknl'~'" FOI ail the~l' lea!o.on~, II IS very dllTlcult to e . ..,tahIJ . ..,h the exact mie 

01 palll III PPS 

()I Ilote /~ Ihal !o.onH' 01 the vallahle~ whlch we have refeneu to a .... Il!o.k factors may 

not Iw tJlll' "11~h lact!ll~." RalheJ, they may hl' fac[m .... WhlCh ,lie a~~oeIated wIth the 

dIM'aM' Thl~ Illal' hl' IIUl' 10/ Ihe valJahles lelent lIalllllH, reœnt wClght gam, 11l1l!o.clllar 

palll wtth l·Xl·/Cl. ... l·, rnlf~ck palll, ,lIld lo/nt P,1I11 FIOf11 the data avaJlahk 1Il chIllc charts, 

Il wa .... ffllP()~~lhll' 10 dell'/fllllle 111/ ail pallel1l!o. whethel tl1L:~e lall()l~ actllally occurred 

hl' 1 Oll' tlll' Ofl ... l·t 01 PPS, (li COIlC li/ lent! y wllh PPS Thus, the lin pOl tallce 01 the sc 

vallahk .... as tlUl' 1 I~k I.IC[O/!o., appcalll1g hcfme the ()n~et of the uiseaM~ Will nced fUI ther 

~tlldy . 

ln thl' .\llha11aly!o.e~, we evaluatL'd the plOportllHlS 01 plevlously mvolved and 

U11I11volwd l·\t/ l'mllll'S l'lJ((l'lItly l'Xlllhlllllg lIlewased weak11e~s. amI the L'lIect or Ume on 

dCVl'lllpnll'lIt III Ill'W "'y mpltlfl1S lf1 PPS We (0111 Il 111 l'lI the Ill1ùlllgs ur plcvious 

lfl\'l· .... II~.tIt\f~ WIHI ... Ilo\\'l·d Ihal Ill'\\' Wl·""-f1l·!o.~ ldll (llCl/1 III eXllefl1llle~ p/evl!ll/~ly 

l'llllll.dl\ Ulld! klll'd h~ p.llah III pullll, hut that 111(1 e<l!o.Cll weakne!o.!o. tL'lllb 10 IlCClIl ml/ch 

IHIl/l' !ll'qUl'lItly (~' p-\.dul' <.. (l (01) lf1 P/l'\'I(\U~ly atteL'lL'd than unafkctco l'Àtremllies 



(7). The linding 01 new wL'a"'ne~~ 111 prl'\,\(llJ~ly "unalll'l'leJ" l''\lIl'l11llll'~ L"III Iw l''\plallll'd 

oy suoeltmeal 1I1volwIl1ellt or mntlll 11l'1l1OI1:-' dUI \Il~ anllc pllltO \ 7.17 . .2.t) \\ 1.' ,IIM 1 

cvaluated the tlme lllll'IVal \1I1l'C lIeu\\.' pollo In )!WUp .... \11 pn~\ Pllltn p.llll'Ilh \\lIh \',III\lll~ 

symptoll1:-' typleal 01 PPS We tOlllld l'Vldl'Ilu' 101 plogll' ..... \11l1l \11 \ylllplllllh III PPS, 

oegmnmg wlth fatigue (11ll'an 'X .~ )'l'aiS artel polin), follp\\l'd hy \\\'.l''lIl''''' (1\1l'.11I .~, X 

years anel pollo), and the Il hy atlllph.\ (1llL'<l1l -l7 5 )'C4II:-' ,1Ill'1 poilU) l'Ill' dllkll'Ill'l'~ III 

latenele~ hel\\'lTI1 the gloup Wllh atlnplty ( .. Ill! IIl'W t.lllgllt· ,lI1d \\'l'''''lll·\.\l. .I1!lllllt· gWlIp.'> 

wHh Dnly IdtlgUC antl wtlh IHl .'>yll1pIOIll" Il',ll'lIl'd .... 1.111:-.lll:l1 ... 1)!llllll:lllU· IP' () ())) 1\ 

slmilar plOgIC.'>.'>HlI1 wa\ .... l·l'Il \Vith CUIIl'nl ,lge. hlltlHl! \VIth \\\',IJ.-nl''''' ,II ,Il \Ill' p\lhll \'Ill' 

!lotIon that PPS I~ a pIOgll~~~IVL' plll'1101l1L'IHlll \V<I.'> PlOPO\l'd hy ('.I..,hllldll l'l ,II (L!), 

however thelr data tlld Jlllt .... llOllgly \UPPlll t lhl. ... hyP()lhl· ... I~ l'lin' Illlllld llO dll ll'Il'Ill'l' III 

lateney and CUlll'nt age hl'lWel'11 palll'nl:-. wIlh IIl'W .tllllpilv <11](1 ,dl lllhl'''' "'l'l'/I III Iltl'II 

chille, out JIll lintl a ... m,1I1 (2 )'1.',\1) 1101 ... I.ltl..,lll<llly \1,!!llIllldllt dlllcll'JlU' III 11I1Il' 01 Ilew 

symptol1l .... helwecn thc.'>e Iw!\ rallelll g(()lIp'" ()1I1 1l·'>I1II ... p/lI\'ldl' l'vldl'JlU' 101 Ihl' 

hyp{)the~l~ thdL latIgul' \:-. ail eatly "'ymptll!l1 (lJ PPS, Whllh \.., IO((O\\'l'd hy W\',Il--lIl''''\, ,IIllI 

then hy allophy, 

The rl'~lIlb l'rom thl~ :-.tlll1y can hl' applll'd III Ihe LllIlleal IIlillla,[!l'Jlll'lIl III po\1 POlrl) 

patIent.'>, Even thollgh patll'nt.1, haVl' lI11llllllllll11Vl'l Ihl'II "'l'Wllly III wl·a"lIl· ... .., .II ,\tllil' 

polIo, they do haw L(lllllllillvel '>0/11 L' lllh','1 pll'>\lhlL' Jl\J.,. I.llIIII.., 1111 PP'" P,tlll'lIt... ltlll 

oe advl .... l'd thal Ihl'y ... llllllld dVllld ~dllllll~ \Vl'I,l!1l1 alld l'Xl'llI..,IIl,t' III IIIl' }lI 11111 III IlIlI ... lll· 

pa1l1 U\ the~l' v<tllahle" have heell ImlIId l() he \11(llli~ly a ... \lILlall·d wlth l'I)S 1 Ill' n<lLI 

l'Ole 01 phy~H.:al aellvlty wlIl ... 1111 l1el'd IlIllhel "'lully hl'L'illl"'l' III ()lll l(lllllddlll{JlY le ... I1II.." 

however the lI~lIal IClllmmclll1allon" 01 IllW level aélohlc l·xeICI"'l· wllil avoldilllU' III 

mll~ele pa1l1 and lall~lIc ale valld Palll'nt\ cali hl' advll,l'd lhal Ill!W wl·ahm'..,\ OClll/\ 

ll1ueh nlOte tlequelllly III plevlolIl.,ly IlIv()lvl'd extleIl1JlIl; .... hlll lhal Il {ail (llUII, .tillIllll)!/J 



much ks~ frcqul'ntly 111 pIn 1ll1l~ly 1I1111l\ \llved t'\tll'll1llll'~ ln .lddllI0!1. Il ... \ III pt 0 III !'. d\l 

develop. PPS can hl' dl'!'.CIIht·d a~ a ~I()wly rlllgll'!'. .... I\l· dl!'.C.I.\l· \\Ith 1.IlI~lIl· hl'll1~ .IIll'.III\' 

symptom. followl'o ny wl'aknl's~, and Illlall~ hy at\Oph\ iI!'..\ lall' plll'llnllll'IIIlIl,llllllll\ll!'. 

at aIl. ln the!'.l' way~. dc!'.pllc Lhe nllll1t'II11I~ pll~.-'Ihll' ~llllILl'~ 1111 l'IIIlI. llll~ .-.tudy pl\lVIlIl' ... 

dl':~crtpltVl' mformalt on on PPS, ~lI1d call plllVltiL' lhl' ha~" 1 (li phY!'.IllI111!ll.III \' Il'a~llllahll' 

and pracllcal aovICl' ln pO .... l-po!to patll'Ill!'. who wish tll "voId PPS 
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('( )N( 'LUSIONS 

Wl' L!lllLllllk Ihal III thl' lInaJlu~ted analy~e~, the mO.~t Important n~k rJctor~ lor PPS 

i1ll' " gll'aler LlIIIl'nt age. a longer time ~lI1ce acute pollo, a gll.!ater wL'akne~!-' at Hcute 

pllll(), il leu'nl wl'Ighl gain, mu~cle pain wlth eXClCI~e, muscle pa1l1, IOllll pall1, and 

pll ...... lhly fl'u'nl lrilUJl1a l'lw multlvanate IlWdl'1 whlCh c()uld he~1 plL'OICt who wOllld 

dl'velllp pp,,", Wd\ olle Conlilll1l1l~ Ihe vallahle ... L'unl'Ilt age, weakne~.\ at <leute po!to, 

11I1I ... l Il' palll wllh l"\l'lll"e, /L'L'L'1l1 \Wlghl ga/Il, and IOll1t pall1 A ~lIl11lar mulllvanate 

IIllHkl U\IlL\IIIIIl~ kllglh \lI IlIl)l' "lIlLL' ,ll'ute pDllIl lathl'l Ihan L'lIlll'nt age \Va" \IJghtly k~s 

l'I/L'L1 J\ l' III pl edllllllg PPS Age dl aCllle pol/o, degl ce 01 rel'OVl.!ry alk/ pollo, weakness 

al hl'''' 1 pO III 1 allel POlIO, phY"'lCal acllvlly, and M~X were not c()l1lllhuting fact()]!-'. 

i\llhough phy.~llïtl aellvIty Wllh (lUI l'rude mL'il~ure wa~ nol il ~lgnlfll'ant /i~k laclor, Hl 

alloillel allilly .... /~ Wl' lill/nt! Ihdl lI1C1ea~L'd wL'akllL'~~ OCClIIS l1111l'h more IIL'tllIently 1I11ower 

L'XIIl'mllll'~ IhLlIl Uppl'I l·"IIL'IllIl/l· ... III ilmhulatn/y pallcnt,> Thll~, t11l' CÀdl't IOle of phy~ical 

ill.'llVlty will nel'd Ill\ thL'1 l'valllalllln SOl11e nI the va/lahlc~ ~lIL'h a~ reœnt welght gmn, 

Il'cl'nl liauma. IlHl"L le palll wlth l'Xl·IL'IM~. 1l111M:1e paIn, and ln1l1L pall1 may not hl' truc 

"Il~k lacl()J~," hui l:tlill'I may hl' a~~()l'latL'd fal'IOI" hecau~e Il wa~ Imposslhle Ln 

lkterlllllll' whclhl'I they Ol'l'Ulll'd 11l'lllll' (lr concurrently wIlh PPS fwm the dala avmlahle 

101 ail pililent~ Thl'll'll)Jl', Ihc)' wIllllc~d lu/thcr ~tudy. 

Rl'II,lhrlIt} and ""lIdn)' ~Iudll·." /l'\'l'<llL'd Ihalllltel-late/ relJahIlIly or l'a.,>e!l'()I1LIOI statu~ 

WII~ g\l\)d ,11 t)-l';, .\Ill! th.ll p.IIIL'nl lL'L'all III ,Ige at acull' polin and lhu~ Iength or ume 

~1I\l'l' al'ule poliO wa~ arClllillL' Howe\'cl, pal/L'III lel'all nI ~èVL'lIty of al'Ule polio did not 

l'Il/ll'I,lll' \\\'11 (I={).+I) \VIth \\e.lknc~~ ~L'VL'IIIy ha~ed on old h()~pllal l'halt~. Thl~ may 

ha\'\' hel'II duc tu hoth lIlal·LUIé.tl'Y 111 patlcnt /L'call and IIlaccul"l'y 111 the old chart~ 

Ihl·Ill~l'I\'l'.... De",plll' Ihl~. IHl! \\'l'akne~~ ~eVL'/lty mL'a~ure l'olrelated weil wllh other 

l\kall ~L'VL'/I1y of weakness dt arule pollo wa~ lound 10 be 
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slgnllkantly 11lghel 111 ho~pllallll'd a~ L'llll1p:I1Cd 11llll1ho"'PIl.tll/l·d p.IIII..·11I. ... (1' (l (lO I·~) .• 111d 

currenL ~ewllly or wl'aknl'~~ L'lllll'laled \\l'II (I=() h7 ln () SI) \Vllh m,lllll ... lIl..·Il,!.'.lh ."C'lIl..·' 

in each exltemtty Thll~, OUI \\'eak.nl·~~ dl .l\:llll' pllhll ll\l'a~UII..' dlll .I ...... I..·~ ... Ihl, nl\\~llll\.·1. 

however lhere wa~ dl~L'lepal1ly helwl'l'l1 l11l'a~llll·." haM'lI (lll palll'l1l Il·c.1I1 .llId 1lIl..'a~llll·' 

halled on old ho~pllal l'hall ... 

In our lIuhanaly~e~. wc conl1l1l1cd the IlI1d1l\g~ III (lll'VIOl!'" II1\l'~II,!.'..tl\lI'" hy ... ho\\'lfl,!.'. 

thal new weakne~ ... can OCClll 111 pfl'VIOll~ly 1II1l1l\1l1Vl'lI nlll·lllltll· .... hlll IIt.t1 Il Ol..llll~ 

1\lgl11lkantly mOle Ilequcntly 111 plevlou ... ly IIlv\llwd l'\lIl'\I1l1ll"o L~·lj,; \'l'l,II, (1)',;. \' Il 

value < n.()OI) We abo lounll l'\'ldcnce 101 1 Ill' hypolhl''''l''' Ihal PPS " a l'logll·~''Vl' 

disea~e. heg1l\II1ng wtlh 1 allgue, lollll\wd hy weak 11l'~~. ,ml! Ill1all y hy ail orl! y Lall'lIl y 

Incleallcd hy a mean 01 .+ III 6 year1\ 111 pallent gIOUp .... Wllh the ... l' .... ympl\lIll ... 
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CRITERIA POR INCLUSION IN STUDY AND POR DBTBRMINATION OP CASE/CONTROL STATUS 

PatIent Name 

X. Xnclusion criteria into study (a 11 shou Id be yc:~) 

1. A credIble hlstory of past pardlytlc pOllO (,:m lllne:;:; ch,ll .wtell:ed 

by hlgh fCTer, followed by muscuLlr wC'dknes',) Il lhl', l', 

uncertaln, p.:ltlent needs to h.lvt> F.MC documcnLltlon 

2. Partlal or complete recovery of functlon LIfter ..1cule pOllO 

3. A hlstory of at least 10 years of functlOn.l1 st.lblilly !olllM1IH) 

recovery from acute pollo 

XI. Exclusion criteria from atudy. (lf any are 'yes' pdtlenL Ir; excluded) 

1. Presence of medical conditlons WhlCh could ploùuce wPdknt.",', ,Incl 

fatlgue 

- cardlac dlsease (requlrlng medlcdtlon) 

- chronlc obstructIve pulmonary dlSC.:lSe 

- depressslon 

- hypothyroldism 

- d~abetes meliitus 

- anemia 

- cancer 

- c~rrhosis 

- connectIve tlssue disease 

- chronic lnfectlon 

- chronlc renal fdllure 

- other 



CRITERIA POR INCLUSION IN STUDY AND POR DETERMINATION OP CASE/CONTROL STATUS 

(cont ) 

Pd li cnl nume 

Î. Presence of concurrent neurologlcal dlsorders WhlCh could produce 

weakness and fatigue. 

- per1pheral neuropathy 

- stroke 

- Parklnson'" dlsease 

- radicuiopathles 

- spinal stenoSIS wlth myelopathy 

- other 

3 Presence of severe paIn WhlCh could make dlfferentiatlon between 

paIn and muscular weakness difficuit. The presence of this 

dl[[lculty would be mentioned ln the ImpreSSIon as part of the 

inltldl eVdluatlon 

Il Presence of new symptoms of fatIgue (muscular or general) wlthout 

increased or new weakness. 

III. Determination or Case/Contro1 Statua. (y = case, N = control) 

Presence of new symptoms of Increased or new muscular weakness and 

fdllgue (muscuLlr or general) Muscular fatIgue 1S deElned as 

incredslng muscular weakness on exert1on, WhlCh Improves wlth rest. 

Pa ln may or may not be present 

IV. Pinal reault. (please check) 

PatIent excluded from the study. __ __ 

1 Patient IS ..l C.:lse. 

3 Patient 15 a control 



DATA FORM 

Pat~ent name 

Case/control status 

Date of birth (MM/DD/YY) 

Date of initial evaluation (MM/DD/YY) 

Age at acute pOlio (years) 

Time new symptoms present (years) 

Patient estimates of weakness 

Site/Function Acute Polio 

LUE 

RUE 

LLE 

RLE 

Speech/Swallow~ng 

Respiration 

Other measures of acute polio severity: 

Best 
--

AfL('r POllO 

--

1--

~-

-

.==-

a Hospitalization at tlme of acute pOllO (yei/n~) 

b. Length of hospitallzatlon at tIme of ar;u h ! f,n] , ,) (mOS 

c. Resp~ratory Invol·lem.~nt at tlm~ of dr:U'J: f/,]lr) ('j'_'/w) 



DATA FORM (cont ) 

----- -- ---- ----------------------------

Other symptorns 

cl Any fatl'Jll<o: 

h Mu:,çlr~ fatl']ue 

r r;(~n(Jrd 1 fdtir;ue 

d Increascd sleep requirement 

cAny paln 

Muscle paln 

g Joint pain 

h Muscle pain with exercise 

New muscle atrophy 

Location of pain yes +: no 

LUE RUE 

Muscle pain 

Joint paln 

Disability Indices 

a. At best after acute polio 

b Pr'?scnt 

ves/no 

LLE RLE Back 

H"p"rtt'd reccnt weight g:l1n (witil1n last 5 yea::s) (yes/no) 

(J~uill phyS1Cdl activlty 

Motor strength scores. 

!,lIE 

(0, 1, or 2) 

LLE 

RLE 



To 

rrom 

Date' 

Montreal NeUI01(]lcal In-;tItute .'lnci 1I0';t:'ILll 

Hedicai Ethlc,~ C:ommlltcc 

D.:Irl.:t t\ 
Nell R 
St.:tn lel 
John /vI 

1 r 0 J."ln, 
-:.I.hm..:tn, 
Sh..lp Ir 0, 

E';da Ile, 

~I[' 

mJ 
l'hl) 

m', Ml'Il 

SubJect Acase:c:-ntrol ,ludv of rl';k [clctor'; fOI pC',l-l'nlt<'I1\'I'llll, 
"yndlOmf' 

Post-pollomyelltl~-, syndrome {PPS} l!.~ 1.1 cltnlc .. tl .yndI.\f1Ip \-.t Ilt'\"; .Nl'Ikn_' 

fatIgue and paIn ln IndiVidu..l1.:; who hJ.ve ~'xper II'n,:"d dl 11',11 III Y",II "r 
neurologlcal and functloncll st..lblilty eltlC'1 1"COVC[y frê'lll dl \11 t' 1'''lllyll' 
pollomyelltls As many::ts 50% of Indlvldu,Jl:; who hd'/t' 1'[1'\1"" Iy r<",>'I"I"" Il,m 
acute paralytlc pOllO mely deve10p PPS A1lhouqh..l ''''hll' VIII' ly ,'1 ,yrnpl"III, Il" 
reported, thlS study WIll be concC'rned prUlld[ Ily wlllt W' Ikll" , ,llld 1,1l1'Jllo' " 
these are most frequenl1y [epor-led ..lnd dppf'.ll l) 1" m,"l dl,\bllll'l l" lit,' 
patIents Involv~d Even though lhe ("..lU ,C 01 l'I''~ l, lIfl~IJ"Wn, d,.. Ill" 1 11101. 'f 

et 101 ogy a l trI bu 1. e ':; I t lo J. dl" L.d de t] cne 1 .1 tic' Il () 1 l' III .1 l '1' cl m(' l ' ) l "Il 1 l' "Il l' Il ", 
present as::t result. of the r('covery plOCC'.'; .llt!'1 1":I"lIl'f,'lltl l""'" ,11Idl", 
have IdentIfIcd se'leral rl',k [dctor:; for l'I'~ Itw" trI' Ill,I,' 'p' Il "1 ,,'U III V .. I 
InItIal acute POllO, .:1 grc .. ller recovcry .tftf'1 1,,,1 1"111\0"1 Il 1 01 hl'lli. [ ,l'l" ,II 
acute pOllO, and pos3,bly Incrc.t:;ed rccclll phy 1'-011 01,1 l'li 1 Y ,\"., Il 1 lin" .. 1 
acutepollom::tyactu.:llljbcameJ.'-'ureof:;cvellly )[,'Ull" Inl' Il I,kll,'wnt\'.tl 
Indlvlduals who develop .:tcute pollomyelill" .'1 d 1111'1 d'J" tl'lltll~ h!'/.' ,1 111"11' 
severe lliness In .:Iddltlon, :..,everlty o[ dcull! P,)ll_' ,Inti r"1 ''','l'l 1[' ,1'VI'lIl.I, 
correlated These cllnlc.tl (Indlng'; .Ire ln ,trCO[(l ',nlh Ihl 1'1 l''' ,.<\ ,'1 I.,I'''JY 1'>1 
PPS 

The prlnldry obJectl'!e of t.hl'. ,.;ttldy Will [JI' l" Id"11 1 III Il ,k Il,1'1/' 1"1 
PPS ln patients · .... ho hel'/e prc\lloué.ly rccovered (r'Jrn ,j("UlC' poIl.tl/l_lr )",II,ltIY, III 1 
Pre'/lously deflned .tnd pn:Vlou' ly un"tudled rI ,k f.I"I'>r Jill 1 1. , 111"011",1 " 
seccndarf obJecllve ''''Ill bc to dclcrrnlllC' If 11ICI"",") ''''l'IIo'n<'" 111',1' ''''Ill 
to.:t greater dcgrce ln the lowcI c;<trcnlillp; lhdn Ih.' IIf'P' 1 1,11"1111 1 1' 

1\ case-control dcc;lgn · .... 111 be u',cd fe,r thl, ,',,1; ['IUIl.!1 11/1""0111." l' 'JJlII 
allow efficlenl U'JC of ddtcl. .illCJdy cl'/dll.tbl,., lh[(",U'lh 1 h.' ·1 Inlr. ,Ind Nil 1 Il ".w 
the study of multiple polcnlLtl rl,k f.1clo[ , fOl 1'1", 1 J' "n') ':',nll')1 '''''III 
be Identlfled lhrough el chdrt re'lll'W of p,lll'-'nl, C'/lltldl.,·j ,Jl th,' 1·1111 1,'"1-1,,.11" 
clinic bet'",een lq~6 .lnd 1'192 l>.ppr0<lrndtely )1)1) r, Ill' ni. III l' b .. Il ," Il dllllll'J 
thlS tlme Speclflc Inclue,lon ..lncl '.'/']U l"fI fll"lll NIII L'Il ,,1 fol 
ldentlflcdtlon of C.:l.J'; ..Incl c::;nlr'JI ln bll' l, I~I Id! l' ni, Ill' ]'10],'<1 Ifl lit, 
stucl'I "'111 hJ'/e.t CPèdlblc hl,loll C)f Pd,1 r'llll/l p"I,·., :',]1 ,'N' ] LI 1",,'1"1/, 

and Jt lC..J'~t 11) yC..lr, -:;f tun rl.l0n.l1 ,1.li,ll J' / t JI l'r,'_ Nil h 1111 011' 1111' III 
medlccll clnd neur,:)lcJgI '-,1 'li .01 lr_t ""hl 'h r J '1] 1 L.' "1 1l1'1 JI' lIo'rl' 11,1 l,' l'J'l' 
.... 111 be cAcludccl (_.1 c~ '''111 te, tho"., Nllh [W'" Irr,),Vdll, ": Irl l' 1,,1 ',f III'Ji 

mU";::'.lI.:tr .... cclkne'" ..lnd tdl.lgue, dnr1 c0n1r,-,I, "'Ill rt,-I_ h .. ,/,. th,,·, n'''''' Ilnl,I',1II 
AIl pall ent'; 1 ncl udcd ln '_hc., ,tudy 1'"'..Il Gr IlIJl rt<Jt rld l', ;rnpi C,[Il' .-,( (Jd III Il'' 111,1 
case clscert..llnment f::H l'l'::' rnJ; oc llfflcu P_ ln ,srr.c '.-''' (,lu'" t" II·" Id'" ·,f .. 
defLnltl/c dl.J<)no:..ll:: t.'è,;'.), <.1 LlnrJom ';drnp]e 0f 1,)'1; 01 '.01 ".,. lnd '.',n l r',], '''III 
also be e'/dlu...llCd Cj ..Inothel ph; lCI<.In (ln rlplI (.1 hlltJn) , ,Irt'I CI (IU,rl l 1,,1 
statu:: 'N'Ill be dct:.~rmlned hy hlITl In lhl Nd! 1 h" lnt"l r -,I_"r l' 1 1 dol III; ',f 
ca::ïe'con':.rol ::;t ... ltU) Nlll tr_ ..1",(",--;(,..j 

Dê t.J. ç::>1 1 ccL l J Il f::; r 
ail case; ..lnd con,:~:L 

obt31ned lhc prlmclr; rI 

tne ,Lud; Nlll bc p~r['.Jr"lIr..(j thr"l f-1n ,J rrlt.Jr' 
inf0r"fll.J': l0n r:..n Hl...ln/ r .. '.." ... LI,..! r .. Y r JI"" 1 ~~f 

}or f,lct0r 111:1 ce ~ .. c'/erJt_1 r'.Jf Jr_'jt_( r,rJJ. J 

: 1 1 JI" ( .. f 
Jill J r,. 

JI f" '..1 fi' L, ri 
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rl'.lr fdC',0[. "1 Il t,,: ,"'/IO:[ILy of "eaknc,,; ~t pCln~ of greatest reco'/erl ,:lfter 
drIJt_,~ p0110, pre.- r_nt ,(:/~rlly of NC..lknc:.;:, rcr;C'/0rl .Jft.er POl10, .jg~.:1t 3C.lte 
fJollr" Li 'J', d' t>m' 0f C/drnlneltlon, tlme Sl'lCe elcu'_e poli'? t? -le'Je1::pment of ne,; 
'ytnF)'orrL [0! Cd.C. 1, .. [ l'::> r-rc::cnl, f:)r r:ontr:)!'I, dl,";dbl:ltl Inde'< "'~ cc.::t .::lf::.er 
d'ul'_ polI'), 'll,dblll',; Inr],:/ elL prcvcnt, degrce ,')f u,.ual ph}é.lc,:ll dctlnt:,. ptlCr 
l' .. rJe'lclrJprnent Gr l'PS (CH V::> rec'2nt phY'::lC .. d actl lit; for control.:;I, Jnd pre.,enc€ 
')[ report,,,j '''', , Jht 'Jdln pr lor te> dC'/eloprnel'lt :)f ppe:; (or to recent 'Nclght gain ln 
,:rJnlrr .. l.) H. rd'j J, ln "f'fJ[')xlrndLel; 31l% of r..1:;eé. Lind controls, the "drlable:: of 
'.'''/er II y 'jf >I"..,knl' . dt llrnr of Jcul" polio, "C'lcr' t 1 of 'NC3kne;ê; Jl pOInt of 
'PCd!f' ,_ 1(" .. /pry dft',r ,I(:ute polIr, ..lnd c'_wr,qur:nt1. rccovcrf h.:l/e rnlsslng 
""lur'., '/dlu'"' '''111 L, -,,'Jgned to lhe 0 .Li,uble. ba.cd on a'l.::lllc.ble 
Iflforn'd' .'.n !<' rclll.f ln 1 -::ur,lry ln thc .,.:rJl 1 :r J ,'2 "Teint ct ~Li,'t .lnd present 
ri'. k t Li r ! r. [ • 'TI .. 1 (li' f r r ,n l, r: h C' 'J l J j J ',/ ,r ~ r, ,,, -; t the LI; k r.l r:: t ~:; W 1 l l be 
d .. P .,.r] 1\ r ln,jr rn lnT 1, r,f 111'J, ,f <.\' l:l:l c~n','~ 1. l'lIl' Dr> :nc'"':rl, :J.nd sld 
hu.pII.ll rhdl[ (,[;t.lln",] :ir'llI 'hr:! LlIne :f hS~pILL: "·.10n dl Jcute rOllO) In 
cldclI 1 I("n, r'r·' , rit 'C'I"r 1 [1 '-,1 'Nr:'dkne'" rq:'r,r'>"d by l he pdt l·::rè in e:\ch 
"xlI,:rnll/J '>1111 be corr'-'I"'_,!rl wlth cl rnr,'_0r '>Ltcngth ~csre ln e~ch e,trernlty 
('Jbtclln.:,j ft'.rn pdtl,!nl '-'.<dffllndtlon dt LIme .)[ InltlJl c'I...lluatl::>n\ Thu~', the 
concurrl'nt crllCrl(Jn-orl'.>rtLcrJ Vdlldlty' of ~::>me of rcl~L rl;k Llctor, (concerned 
wllh ,("If!r Ity 0f cl·'ule polIO) clncJ prc',cnt r,'3k f..1-::l:ns WIll be 3::;ses~.ed 

lldlcl dn,tly 1. WIll Includc the followln'] (1) a'.';c';;ment of rellabll.ty o( 
Cd ... /ronLrol "t..Jtu' Lhr.:J1lgh cOmpuL.ltlon of coefflclent K and asscssment of 
vd11dlty of 'Dm' of rl.k tclclorJ Lhrough comput=illOn of pear::on correlatIon 
c<wfflcIPn[" (~) oullIcr ,lnJ1Y',I'>, ()) .:111 .ub,.eClupnt.:tn,:tlyscswill beperformed 
bath wlth Jnrl '>lIr:houl ml ln') '/Jlue., elnd WJth dnd "'ILhout outllers to dcterrnlne 
lh"11 Irnpd~t c'Tl thl' ["'ult., (·1) compuLdLI':Jn of • .trnp:e deLclptlve 3tatl::>tlcs 
In('luc]lnQ fr"'luf_nr'y' hl tClgr ,m~. f'.JI ,JII c')nl nuou.:- 'l,nIable., mear.s, standard 
dC'llelll'-'n'., pr')f"Jrtl"n;, tdngoc;, L>lo'.Jm~!c l-t.~::;t'3. Lind X

è 
teé.t:.;, (5) 

roI11n<'.trlty Iflctly.1 ,,( contlnuou r Inderend'.nt '/Jrtclblcs, (6) analysls of 
Ilnc-.1f ll'y of r. nlll1lU, lndepen:lcnl VdllJblc; ln tne le')l 'tIC regres3lon modcl. 
(1) tlrll'/llldt, 1""J1.ll' rc'pc' .Ion Jncl!v.I'. f:Jr c..jc.h IwlercndenL vJrlable Nlth 
cnrnpULlll,)n "f 0dd rJII=~ wlth 95" ccnfldcnce Int0r'I1:", (dl multlVJtLJt.e 
1091'.1 Ir r"'JI" ,l')n.lf) il: 1. \oJlth ('orn['uldtl:'11 cf J.:lJustcd :>cld', r,ttlS::; and tnclr 
')')A cont I,j.'n"c Ir,l'"r'lc\1 [JI '.I;Jrtlfl::Jnl rnodel; I~ho-;(' w.'-h Improvcrnent of t:: = 

Il) ln Icq1lk .. 11 hnc·rJ wh".! ,\ 'Ill l.Jble 1. Jeldcd to the rnodell. (9) c':)rnpctr1S0n o( 
In('IC'c!,,'d wP.lkn'-, III l'H.'_r l'xlrcrnltlcd wlth upper e'trernlt:le:. ln C..l'~C::' wlth X' 
ll':.l Incl .'n,IlY:.l . 'Jf '-'-,'1.11 Llnc(' SdfTIplc ';1.0 Cd!Cul.:ttlcn,; lndJ-::.:tte th.:tt for a 
= il il':> (,'ne' . ld.'d), P = 1) :\1. lh',~ .Ludf ho=,uld be dblc t::> dclcct .:tn odd', ratlo 
of 1 il tn :' ':> for Inlt!J1 ·.'-"/l't ll'y 1\) dctc:::l ,",n ':)d,J,; rJll::> of : 5, 60 C.::lses and 
c,'nlrol'; w 0 uld b~' needel, t:l oJelecl ,",n "dd l,",tlO cf; 1), 11).) CJ,~e~' .Incl controls 
will be n,,<'dC'd 

'l'hl.; '_ludy doe', IlOt ln',c.'lvc .:tny Ob'll:JU, r1-;,(.; ta the paclent l'citlent 
con[,knlIJllly 'NIII bc prc •. cr'lcd bath durlng thc . Lud'. and in any publlc.:ttlons 
r.,".ultln'J [[(orn the' ;lud'y PClml·'·-310n Lo ootJln hO-PltJl reccrd..; WIll be obtdlned 
fr"1lI the IndlVlduJI; Involved No InV3,1'/C ,~tudle:::- l'lill be pcr[or:ned on the 
l'dt lenL; f('r lhe purpo'.l',' of thJ'; ,;tudv 

l'hPle ,HP n,:J Jltt'ct beneflt:., ta the pdtlent3 In'lol'/ed, how'ë'''e::, a better 
llfl,kL,Llo.Jtng ot pO",;lble rl:..k f..lctors fcr PPS m..ly shed turthC'c Il'dnt en Lhe 
!',llhophY'.loloqy of thl"; dlseJ.se .lnd may provlde ::;ome gUlde11nes for tl-Je clinl::a1 
Cdle of pJ.llcnL~ wlth past parJlytlc pOllO 




