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ABSTRAKT

Uvod. Lumbalni spindlni stenéza (LSS) je Gastd choroba vyssiho véku, kterd je
poddiagnostikovana. Pfedlozeny soubor vlastnich praci se zabyva diagnostikou LSS, a to se
zamé&fenim na elektrofyziologické testovani a testovani na mechanickém chodniku, dale fesi
problematiku kvantifikace LSS pomoci dotazniku a $kél, byl hodnocen dlouhodoby vyvoj (12
let) pacientli a jeho prediktory a bylo sestaveno vlastni orienta¢ni doporuceni pro volbu
terapeutického postupu u téchto pacientd.

Metodika. Ve studiich byla analyzovand data pacienti s LSS sledovanych a l1é€enych na
neurologické klinice FN Brno. Kontrolni soubory tvofili zdravi dobrovolnici a pacienti
s diabetickou polyneuropatii. Dlouhodoby vyvoj pacientli a jeho prediktory byly hodnoceny
v ramci 12leté prospektivni observacni studie, do které bylo zahrnuto celkem 71 pacienti s
LSS.

Vysledky. Nejptinosnéj$Sim elektrofyziologickym vySetfenim u pacienti s LSS jsou
kondukéni  studie dolnich koncetin doplnéné jehlovou EMG. Pozatézové (dynamické)
elektrofyziologické vySetteni piispiva k vysvétleni patofyziologie neurogennich klaudikaci u
LSS, jeho piinos v bézné klinické praxi vSak nebyl potvrzen. Elektrofyziologické vySetteni je
piinosné v diferencialni diagnostice LSS a diabetické polyneuropatie. Testovani na
mechanickém chodniku je cenné k potvrzeni neurogennich klaudikaci a stanoveni kapacity
chiize, omezeni chlize je vSak nutno obezietné analyzovat. Byl prokdzdn piinos Oswestry
dotazniku u pacientli s LSS pfi posouzeni jejich disability. Vytvoftili jsme a validovali nové
skore pro hodnoceni neurologického néalezu na dolnich koncetindich u pacientl s LSS
s nazvem ,,skore neurologického postizeni u LSS* (NIS-LSS). Dlouhodoby (horizont 7-12 let)
uspokojivy vyvoj (stejny €1 zlepSeny klinicky stav) byl prokazan u 43-61 % pacienti s lehkou
a sttedni formou LSS 1é¢enych konzervativné. Prognostickou hodnotu u pacient s LSS maji
nekteré elektrofyziologické parametry a radiologicky parametr, a to nejmensi transverzalni
rozmér patetniho kanalu v bederni oblasti. Byl vytvofen koncept pro stanoveni tize LSS a
navrzeno orientani doporuceni pro volbu terapeutického postupu (konzervativni x operacni)
u téchto pacienttl.

Zavér. Soubor vlastnich praci pfinasi nova zjisténi v diagnostice LSS (zejména
v elektrodiagnostice a kvantifikaci LSS pomoci §kél a dotaznikii). Potvrzuje domnénku, Ze
LSS je pomalu progresivni chronické onemocnéni s dlouhodobou stabilitou (doloZenou
klinicky, radiologicky i elektrofyziologicky) a seznamuje s prediktory vyvoje. Predklada
orienta¢ni doporuceni pii volbé 1é¢ebného postupu u pacientt s LSS.

Klicova slova: lumbdlni spinalni stendza, diagnostika, mechanicky chodnik,
elektrofyziologické vySetteni, pfirozeny priibéh, prognoza, prediktor.



ABSTRACT

Background. Lumbar spinal stenosis (LSS) is a frequent disease of older age that is often
under-diagnosed. An overview of contributions published by one department of neurology
addresses the overall diagnostics of LSS, with particular reference to electrophysiological
testing, the exercise treadmill test and LSS quantification using scores and scales. Long-term
outcomes (12 years) and their predictors are assessed and a set of approximate
recommendations for making optimal therapeutic choices for LSS patients is drawn up.
Methods. The records of LSS patients observed and treated in the Department of Neurology
of the University Hospital, Brno were analysed. Control groups included healthy volunteers
and patients with diabetic polyneuropathy. To evaluate long-term outcomes and to analyse
predictors, a 12-year prospective observational study was conducted, into which 71 LSS
patients were included.

Results. Nerve conduction studies and needle electromyography emerged as the most useful
electrophysiological examinations for LSS patients. Dynamic electrophysiological
examination may illustrate the pathophysiology of neurogenic claudication in LSS, but its
possibly positive contribution in common clinical practice was not confirmed.
Electrophysiological examination effectively differentiates between LSS and diabetic
polyneuropathy. The exercise treadmill test may confirm neurogenic claudication and verify
walking capacity, but any restriction of walking abilities should be analysed with care. The
Oswestry questionnaire is useful in evaluating disability in LSS patients. We developed and
validated a new scoring system (neurological impairment score in lumbar spinal stenosis
[NIS-LSS]) for the assessment of neurological impairment in the lower limbs of patients with
LSS. Long-term satisfactory outcome, considered as stable or improved clinical status within
a period of 7-12 years, was disclosed in 43%—61% of the patients with mild-to-moderate LSS
treated conservatively. Prognostic value was established for certain electrophysiological
measurements, together with a radiological parameter — the lowest transverse diameter of the
spinal canal. An approach to the assessment of LSS severity was suggested and
recommendations made for therapeutic choice (conservative x surgical therapy) in LSS.
Conclusions. This overview of own publications produced new findings in LSS diagnostics,
especially in the field of electrodiagnostics and quantification of LSS using scales and
questionnaires. The generally-held assumption that LSS is a slowly progressive disease with
long-term clinical stability was wupheld, supported by clinical, radiological and
electrophysiological observations. Predictors of outcomes were assessed. A recommendation
for therapeutic choice in patients with LSS was made.

Keywords: lumbar spinal stenosis, diagnostics, treadmill, electrophysiological examination,
natural course, prognosis, predictor.



1. PREHLED PROBLEMATIKY

1.1. UVOD

Lumbalni spinalni stendza (LSS) je Casta choroba vyssiho véku, kterd pfispiva k omezeni
mobility starSich pacienti (Micankova Adamova a Bednaftik, 2012 c). Pievazujicim vékem
zacatku potizi je 6. dekada. LSS se vyznacuje zizenim patetniho nebo kotenového kanalu
osteoligament6zniho pivodu v bedernim useku patefe, které je klinicky manifestni
(Postacchini, 1996). LSS se muze manifestovat neurogennimi klaudikacemi, radikuldrnim
syndromem, syndromem kaudy equiny ¢i kombinaci uvedenych syndromt. Neurogenni

klaudikace jsou pro LSS charakteristickym ptiznakem.

Nezastupitelné misto v diagnostice LSS mé anamnéza, a to zejména, pokud pacient popisuje
typické neurogenni klaudikace. Pokud nejsou anamnestické tidaje o klaudikacich spolehlivé
nebo existuje podezieni na jinou pfiCinu poruchy mobility, je vhodné otestovat uslou
vzdalenost a divody jejiho zkrdceni na pohyblivém chodniku (,.treadmill*). Standardni
neurologické vySetfeni miize odhalit permanentni neurologicky deficit v distribuci jednoho ¢i
vice lumbosakralnich kotfenii. K definitivnimu potvrzeni diagnoézy LSS je nezbytné proveést
radiologické vySetfeni. Pfinosné je 1 elektrofyziologické vySetfeni, zejména elektromyografie
(EMG) zdolnich koncetin. Nejcastéji (asi u 50 % nemocnych) se naléza oboustranna
vicecetnd lumbosakralni radikulopatie (vicekofenové postizeni), ptiblizné u 20 % pacientl se
vyskytuji zndmky monoradikulopatie, vétSinou L5 nebo S1 (Wilbourn a Aminoff, 1998).
Ur¢ity diagnosticky piinos u LSS ma i1 vySetfeni evokovanych potencialli, a to motorickych
evokovanych potenciali (MEP) a somatosenzorickych evokovanych potencialt (SEP).

Elektrofyziologické vySetfeni ma vyznamné misto také v diferencialni diagnostice LSS.

Vzhledem k tomu, Ze LSS je onemocnéni vySsiho véku, tak se setkavame s koincidenci LSS a
diabetes mellitus a s tim souvisejici diabetické polyneuropatie. V nasem souboru 151 pacientt
s LSS m¢lo diabetes mellitus 30 pacientd (19,9 %). Poskozeni perifernich nervi
vertebrogenniho plvodu pii LSS lze v nékterych piipadech klinicky obtizné odlisit od
poskozeni pii diabetu, vtomto pifipadé nam elektrofyziologické vySetieni mlze pomoci.
Typicky se u pacientli s LSS vyskytuje kotfenové resp. vicekotfenové postizeni, u pacientii
s DM pak obraz senzitivné-motorické axonalni distalni symetrické polyneuropatie. U ¢asti
pacientl s LSS vSak elektrofyziologické abnormity byvaji nespecifické (napf. oboustranna
absence H reflexu snormdlni senzitivnim neurogramem) (Wilbourn a Aminoff, 1988).
Muzeme se rovnéz setkat s abnormnim senzitivnim neurogramem na dolnich koncetinach pfi
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lateralni stendze, kterd mize vést k poSkozeni spinalnich ganglii (abnormita senzitivniho
neurogramu je vSak jinak typicka pro obraz polyneuropatie). V téchto pfipadech mize byt
obtizné 1 pomoci elektrofyziologického vySetieni odlisit, zda periferné neurogenni postiZeni

na dolnich koncetinach je v disledku LSS ¢i polyneuropatie.

V diagnostice LSS a neurogennich klaudikaci je mozno vyuzit pozatézového
elektrofyziologického vySetieni k ovefeni vzniku reverzibilnich zmén urcitych
elektrofyziologickych parametrii, které odrazi ischemicky kondukéni blok vlaken kaudy
equiny, coz je podklad vzniku neurogennich klaudikaci. PozatéZzové zmény
elektrofyziologickych parametrti vS§ak dosud byly popisovany na malych souborech pacientli a

nebylo ovéieno, zda jsou tyto zmény specifické pro vyskyt neurogennich klaudikaci.

Je zndmo, Ze u pacientli s bolestmi dolni ¢asti zad je béZné¢ pozorovana neshoda mezi
radiologickym nalezem a klinickym ndlezem. Posuzovéni tize lumbalni spindlni sten6zy by
mélo byt zalozeno na zhodnoceni miry klinického postizeni a jeho dopadu na disabilitu
pacienta, nemélo by vychazet z posuzovani tize radiologickych zmén. Pro tyto ucely
pouzivame rizné hodnotici Skaly a skore.

Lumbalni spinalni stendza je povazovana za pomalu progredujici onemocnéni vyznacujici se
dlouhodobou klinickou stabilitou, nicméné pfirozeny prubéh onemocnéni stdle neni dobie
znam. Na rozdil od fady studii, které se zabyvaji chirurgickou 1écbou, existuje jen n€kolik
studii zabyvajicich se pfirozenym pribéhem onemocnéni. Velkym nedostatkem se jevi, Ze
vétSina studii je retrospektivni s metodickymi chybami a je obtizné¢ studie navzijem
srovnavat. Na druh¢ strané je nutno fici, Ze studie s problematikou LSS je obtizné provadét
s ohledem na to, Ze se jednd o star§i populaci pacientll s velkym podilem komorbidit a
mortality. Pfirozeny pribéh LSS se také obtizné€ analyzuje, protoZze bychom museli sledovat
pacienty nelécené, coz neni etické, vétSina pacientd tedy dostavad néjakou 1écbu, kterd
teoreticky mtize prubéh LSS ovliviiovat. Nicméné lze predpokladat, ze prirozeny prubéh LSS
ma velmi blizko k vyvoji onemocnéni u pacientii 1é€enych konzervativné. Ze studii a jejich
metaanalyz vyplyva, Ze pfirozeny pribeh onemocnéni u pacientil s klinicky lehkou a stiedni
formou degenerativni LSS je ptiznivy asi u 30-50 % pacientl a u téchto pacientl je rychlé a
dramatické zhorSeni neurologického stavu vzacné (Kreiner et al., 2013; Johnsson et al., 1991,
1992; Atlas et al., 1996, 2000, 2005; Amundsen et al., 2000; Micankova Adamova et al.,
2012 b; Adamova et al., 2014; Malmivaara et al., 2007; Slitis et. al., 2011; Weinstein et al.,
2008, 2010).



Velmi cenné je stanoveni prediktorit uspéchu ¢i selhani konzervativni a operacni 1écby, které

napomahaji pii vybéru optimélni terapie. BohuZzel jednotlivé studie se znacné 1isi ve

stanovenych prediktorech. Rada studii se zabyva prediktory poopera¢niho klinického stavu

(Aalto et al., 2006; Athiviraham et al., 2011; Katz et al., 1995; Sigmundsson et al., 2012),

prediktory konzervativni 1éCby ¢i pfirozeného vyvoje jsou analyzovany jen v nékolika
studiich (Micankova Adamova et al., 2012 b; Adamova et al., 2014; Amundsen et al., 2000;
Atlas et al.,, 2000; Simotas et al., 2000; Hurri et al., 1998). Opakované je v literatuie

zdlraziiovana potieba realizovat studie, které hodnoti dlouhodoby pfirozeny pribéh

onemocnéni a prediktory vyvoje.

Dlouhodoby projekt, ve kterém jsme se zabyvali studiem lumbélni spindlni stendzy, mél 4

cile:

1.

Zhodnotit  diagnosticky a  diferencialné diagnosticky  pifinos  vybranych
elektrofyziologickych testl u pacientti s lumbalni spinalni sten6zou (a to 1 s ohledem
na tizi onemocnéni), ovéfit vyznam pozatézového elektrofyziologického testovani a
zhodnotit moznost vyuziti testovani na mechanickém chodniku k objektivizaci

neurogennich klaudikaci a stanoveni kapacity chize.

Prokazat ptinos Oswestry dotazniku (ODI) u pacienti s LSS pfi posouzeni jejich
disability a wvytvofit skoére pro zhodnoceni neurologického néalezu na dolnich
koncetinach u pacientli s LSS (skore neurologického postizeni u lumbélni spinalni

stenozy - NIS-LSS).

Zhodnotit dlouhodoby vyvoj, a to klinicky, elektrofyziologicky 1 radiologicky, a dale
zhodnotit prediktory tohoto vyvoje u pacientl s lehkou a stfedni formou LSS v rdmci

12]eté prospektivni observacni studie.

Kvantifikovat tizi LSS na zadklad€ stupné klinického postizeni a vytvofit vlastni
orienta¢ni doporuceni pro volbu terapeutického postupu (konzervativni x operacni
lécba) u pacientli s LSS. Toto doporuceni vychazi z vysledki dostupnych studii
zabyvajici se touto problematikou s piihlédnutim k nasSi dlouhodobé zkuSenosti

s 1écbou pacientt s touto chorobou.



1.2. DEFINICE LSS A HISTORICKE POZNAMKY

Lumbalni spindlni stenéza (LSS) je definovdna jako nediskogenni komprese kaudy equiny
zpisobend spondyl6znimi zménami, pfi¢emz v nékterych pripadech se podili i terén vrozené
uzkého paterniho kanalu (O Duffy, 1997). Jedna se tedy o zizeni patetniho nebo kotenového
kanalu osteoligament6zniho pivodu v bedernim useku patete, které je klinicky manifestni
(Postacchini, 1996). Za lumbalni stendzu se nepovazuje zizeni pateiniho kanalu na podkladé
akutniho vyhfezu meziobratlového disku. LSS se vyznacuje zmenSenim prostoru pro nervové
a cévni struktury vbederni patefi, pficemz symptomy jsou zpusobeny bud piimou
mechanickou kompresi nebo nepfimou vaskuldrni kompresi nervovych kotfenii nebo kaudy
equiny (Epstein et al., 1998).

Typickym ptfiznakem pro LSS jsou neurogenni klaudikace (NK). Nékdy se LSS a NK
povazuji za synonyma, nicméné¢ termin LSS je vhodné spiSe rezervovat pro oznaceni
morfologickych zmén. Pokud je patefni kanél ztZen, ale postizeni se klinicky nemanifestuje,
je 1épe pouzivat termin ,,izky patetni kanal* nez ,,lumbalni spindlni sten6za* (Schonstrom a
Willén, 2001).

Nov¢jsi komplexni definice degenerativni LSS, kterd byla vytvofena Severoamerickou
spinalni spolecnosti, se opira piedev§im o klinické projevy tohoto onemocnéni. Degenerativni
lumbalni spinalni sten6za je zde definovana jako onemocnéni, které se vyznacuje zmenSenim
prostoru pro nervové a cévni struktury v bederni pateti na podkladé degenerativnich zmén
v patefnim kanale. Pokud je symptomatickd, tak vede k riznym klinickym syndromim
vyznacujici se bolesti a/nebo tnavnosti v hyzdi a/nebo v dolni koncetin€, které se mohou
vyskytnout s bolesti nebo bez bolesti v zadech. Pro symptomatickou LSS jsou charakteristické
urcité provokacni a ulevové faktory. Provokaéni faktory zahrnuji vzpiimeni, jako je chize
nebo stoj, které indukuji neurogenni klaudikace. Mezi ulevové faktory patii predklon, sed
a/nebo ulehnuti (Kreiner et al., 2013).

Termin neurogenni klaudikace poprvé uzil vroce 1911 Dejerine, definoval jej v roce 1948
van Gelderen a pozdéji Verbiest (v roce 1954) (Dejerine, 1911; van Gelderen, 1948; Verbist,
1954). Van Gelderen popsal LSS a NK jako ,lokalizované osteodiskoligamentozni zuzeni
patefniho kanalu, které je asociovano skomplexem klinickych pfiznaki a symptomt
zahrnujicich bolesti v zddech a symptomy v dolnich koncetinach, jez jsou spojené se zatézi

(klaudikace)* (van Gelderen, 1948).
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1.3. EPIDEMIOLOGIE LSS

Bolesti v zadech jsou druhou nejcastéjsi chorobou po nemocech z nachlazeni a urcity stupein
spondylézy a degenerativnich zmén je ve vysSim véku spiSe pravidlem nez vyjimkou. Tyto

skutecnosti piindseji metodické problémy pii epidemiologickych Setfenich.

Je znamo, Ze degenerativni spinalni stendza je nejcastéjsi diagnoza v chirurgii bederni patete
u osob starSich 65 let (Turner et al., 1992). Pfesné udaje o incidenci LSS vSak nejsou znamy.
Vétsina autor se domniva a klinicka praxe to potvrzuje, ze se jedna o ¢astou chorobu vyssiho
veéku. Berney udédva incidenci LSS v Evropé 11,5/100 000 obyvatel/rok (Berney, 1994). Ro¢ni
incidence LSS ve §védské observacni studii byla 5/100 000 obyvatel. V této skupiné se
neurogenni klaudikace vyskytovaly asi u poloviny nemocnych - incidenci LSS

s neurogennimi klaudikacemi 1ze odhadnout na 2,5/100 000 obyvatel (Johnsson, 1995).

Frekvence vyskytu LSS stoupd s vékem a typicky postihuje osoby starsi 50 let (Porter, 1996).
Japonsti autofi ve své epidemiologické studii potvrdili, Ze prevalence klinicky manifestni
LSS roste s vékem — v 6. dekad¢€ udavaji prevalenci 20 %, v 7. dekadé 30 % a v 8. dekad¢ az
40 % (Otani et al., 2008). V ramci Framinghamské studie, ktera je jednou z nejvyznamnéjSich
epidemiologickych studii zabyvajici se aterosklerdzou, byl uskute¢nén vedlejsi projekt, ktery
hodnotil prevalenci LSS, jez byla diagnostikovana pomoci CT. Z vysledki vyplyva, zZe
prevalence kongenitalni LSS dosahovala 7,3 % (u 4,7 % byla pfitomna relativni stendza a u
2,6 % absolutni kongenitalni sten6za), pficemz prevalence kongenitalni stendzy se s vékem
nemeénila. Prevalence ziskané stendzy rostla s vékem, dosahovala u populace mladsi 40 let 24
% (20 % tvorila relativni sten6za, 4,0 % absolutni stendza), u populace ve v€kovém rozmezi
60—69 let prevalence ziskané stendzy byla 66,6 % (47,2 % relativni sten6éza a 19,4 %
absolutni stendza). Za relativni stendzu byl povazovan predozadni rozmér patetniho kanalu 12
mm a méné, za absolutni stenézu pak rozmér 10 mm a méné. Laterdlni stenéza nebyla ve
studii hodnocena. Autofi poukazuji na velmi vysokou prevalenci stendzy u populace starsi 60
let a upozornuji na to, Ze bolesti a neurologické symptomy téchto pacientii nesmi byt
automaticky pfisuzovany radiologickému nalezu stendzy. Dale bylo prokazano, ze absolutni
stendza (sagitalni rozmér patefniho kanalu pod 10 mm) znamend 3-krat vyssi riziko pro

bolesti dolni ¢asti zad (Kalichman et al., 2009).

Porter udava, Ze Castéji jsou LSS postiZzeni muZzi, nov¢jsi studie vSak prokazuji, Ze neni rozdil
v prevalenci LSS mezi muzi a zenami (Porter, 1996; Kalichman et al., 2009; Jansson et al.,

2003).
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Starnuti populace ve vyspélych zemich vede k vzestupu celkové prevalence LSS, rovnéz
zlepSovani dostupnosti radiologickych vySetfeni, zejména magnetické rezonance, vede
k tomu, ze diagnodza LSS je u pacientil stanovovana Castéji, nez tomu bylo dfive (Mi¢ankova

Adamova a Bednatik, 2012 ¢).
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1.4. KLASIFIKACE A PATOFYZIOLOGIE LSS

1.4.1. Klasifikace lumbalni spinalni stenézy

Lumbalni stenézu lze klasifikovat podle anatomické lokalizace (tabulka 1.4.1.) a podle

etiologie (tabulka 1.4.2.).

Tab.1.4.1. Anatomickéd klasifikace lumbdalni stendzy: modifikovano dle Anderssona a

McNeilla (1989), Zinreicha a spol. (1997) a Jenise a spol. (2000).

Centralni stendza (zuZeni pateiniho

kanalu)

Anteroposteriorni (obvykle kongenitalni)

Transverzalni (vzacné kongenitalni)

Lateralni stenéza (zuZeni tzv.

korenového kanalu)

Stenodza lateralniho recesu

Stendza foraminalni

Stendza extraforaminalni

Anatomicka klasifikace je zndzornéna na obrazku 1.4.1.

Obr.1.4.1. Anatomicka klasifikace LSS (pfevzato z prace Genevay a Atlas, 2010).

1 — centralni stendza, 2-4: lateralni stendza: 2-sten6za lateralniho recesu, 3- foraminalni

stenoza, 4- extraforaminalni stenoza.

13




Tab.1.4.2. Etiologicka klasifikace lumbalni spinélni stendzy: modifikovano podle Arnoldiho a

spol. (1976) a Sieberta a spol. (2009)

Kongenitalni — vyvojova Idiopaticka

(primarni) Achondroplasticka

Ziskana (sekundarni) Degenerativni  (napf. spondyléza, spondylolistéza,

skolidza) *

Osifikace ligamentum longitudinale posterius a

ligamentum flavum

Metabolicka ¢i endokrinni (napf. epidurdlni lipomatdza,

akromegalie)
Infekeni (discitida, osteomyelitida)
Nadorova

Revmatologickd  (revmatoidni artritida, Pagetova

choroba)

Postraumaticka nebo pooperaéni (napf.

postlaminektomicka, po fuzi)

Kombinace kongenitalni a

ziskané stendzy

* Degenerativni spondylolistéza vede k centralni stendze, spondylolyticka (istmicka)

spondylolistéza vede k lateralni stenoze.
Ziskana sten6za predstavuje asi 75 % vsech ptipadi. Vrozend stendza je ptficinou potizi pouze

ve 3-13 %, u ostatnich nemocnych se jednd o kombinaci ziskané a vrozené stenozy

(Amundsen et al., 1995).
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1.4.2. Patofyziologie lumbalni spinalni stendzy

Morfologickym podkladem degenerativni LSS je pfevazné degenerace komplexu tii kloubt
(disk + 2 facetové klouby) spolu se zménami mékkych tkani (hypertrofie zlutych vazi),
negativni vliv maji 1 statické (skolidza, degenerativni spondylolistéza) a dynamické zmény
(retroflexe). Vrozené zuzeni patetniho kanalu hraji roli jen v omezeném poctu piipadii

(Voharka a Mic¢ankova Adamova, 2009).

Sagitalni rozmér patetniho kandlu je vyznamné ovlivnén dynamicky: pii pfedklonu (anteflexi)
se rozSifuje a v zéklonu (extenzi, retroflexi) se zuzuje, coz se klinicky projevuje jako
provokacni a ulevové situace u neurogennich klaudikaci. Nejvétsi vliv na zuzovani kanalu
v extenzi ma faseni zlutych vazli (Hansson et al., 2009). Tento sagitalni rozmér je zuZovan i
tzv. degenerativni spondylolistézou (tedy posunem obratli vii¢i sob¢€ v sagitalni rovin¢), ktera
je zpusobena artrotickymi zménami meziobratlovych kloubli. Degenerativni skolidza
(zaktiveni patefe ve frontadlni roviné) zuzuje predevSim transverzalni prasvit kandlu a
foramina. Istmicka spondylolistéza zplisobend lyzou (pferusenim obratlového oblouku)
zpravidla nevede k centrdlni kompresi nervovych struktur; dochazi naopak k rozsifeni
patefniho kandlu, né¢kdy ovSem - zvlasté pii vzniku kalusu v misté preruSeni oblouku -
dochazi k tisnéni v oblasti vstupu do kofenového kanalu (laterdlni stendza). Istmicka
spondylolistéza se vyskytuje pfevazné v etdzi L5/S1, degenerativni olistéza se naopak velmi

ziidka vyskytuje v etazi L5/S1.

Primérni centralni vyvojova stendza je nejCastéj$i v urovni L3 a prakticky se nevyskytuje
v urovni LS. Ziskana sekundérni centralni i lateralni sten6za je nejcastéjsi v oblasti obratle LS,
eventualné L4. Pro sekundarni stendzu je typicka pfedevsim redukce transverzalniho rozméru
patefrniho kanalu, ktera je projevem artrotickych zmén facetovych kloubl a nejvétsi mérou

ptispiva k redukeci plochy spinalniho kanalu.

Z0zeny pateini kandl je hlavnim, ale ne jedinym patofyziologickym faktorem, ktery vede
k neurogennim klaudikacim a dal$im pfiznakim LSS. K tomuto zavéru vede fakt, Ze spinalni
stendza je nekdy zcela asymptomatickd a klaudikacni pfiznaky jsou neobvyklé pied 6.
dekadou zivota. Porter na zaklad¢€ klinickych pozorovani i experimentalnich praci postuloval
tzv. dvouetazovou vaskularni hypotézu vzniku NK (Porter, 1996; Porter a Ward, 1992). Pro
vznik neurogennich klaudikaci je tfeba, aby se stendza vyskytovala alespoii ve 2 trovnich,
pficemz alespoil na jedné urovni se musi jednat o stendézu centralni. Patofyziologickym

zakladem neurogennich klaudikaci je potom vaskuldrné ischemicky blok vlaken kaudy
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zpusobeny vendzni kongesci zilnich pleteni (obrazek 1.4.2.). Vlastni klinické zkuSenosti a
prospektivni studie vSak ukazuji, Ze pacientovy potize i elektrofyziologické zmény koreluji
predevsim se stupném stendzy v nejvice postizené etazi. A naopak: vztah mezi poctem urovni
stenozy a klinickymi potizemi Ci tizi elektrofyziologickych zmén nalezen nebyl (Adamova et
al., 2001; Voharnka et al., 2001).

Izolovand foramindlni sten6za byva asymptomatickd nebo zplisobuje kotenové bolesti
konstantniho nebo posturdlné¢ akcentovaného charakteru (posturdlni ischias), ale ne
neurogenni klaudikace.

Etiopatogenetickym podkladem LSS je tedy zmenSeni prostoru pro nervové a cévni struktury
v bederni patefi, pficemz dochazi k pfimé mechanické kompresi lumbosakralnich kofent
spojené¢ s chronickym zanétem, dale ke zhorSenému cévnimu zasobeni lumbosakralnich
kotenil pfi kompresi cévnich struktur (na pokladé ischémie pii omezeni arteridlniho toku a
vendzni kongesce s poklesem perflize) a ke kompresi nervovych struktur pii venodzni
kongesci.

Postupnd komprese vede k adaptaci kotenti kaudy, kdy je funkce zachovana i pii znacné
malém rozméru patetniho kanalu. To je vyznamny rozdil proti akutni kompresi vyhtezlym
diskem, kdy 1 pfi mensi kompresi dochdzi k rozsdhlému vypadu funkce nervovych koteni.

Tato skutec¢nost byla prokazéana i na zvifecim modelu (Olmarker et al., 1990).
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Obr.1.4.2. Grafické znazornéni patofyziologie vzniku neurogennich klaudikaci. Hypotéza
vychdzi z konceptu vaskuldrné ischemické blokady vlaken kaudy. K tomu je tfeba, aby se
stenoza vyskytovala alespon ve 2 urovnich, pri¢emz alespoil na jedné urovni se musi jednat o
stenozu centralni. Vlevo vidime znézornéni dvou trovni centralni stendzy, vpravo je v jedné
etazi stendza centralni a v jedné foraminalni (pfevzato z knihy Lumbalni spindlni stenoza

autort Micankova Adamova B. et al., 2012 d).

i L3
L4

e

L5
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1.5. KLINICKY OBRAZ LSS

Lumbalni spinadlni sten6za se muze manifestovat neurogennimi klaudikacemi (NK),
radikularnim syndromem ¢i syndromem kaudy equiny. Morfologicky obraz stendzy vSak
muze byt i klinicky némy. Tradi¢né jsou do obrazu LSS fazeny i bolesti dolni ¢asti zad, nejde
vsak o projev stenozy jako takové, ale o projev spondyldzy a spondylartrozy, které jsou hlavni
pricinou stenozujiciho procesu. Na rozdil od neurogennich klaudikaci, které se vyskytuji
nejcastéji oboustranné a jsou asociovany s centralni stenézou patefniho kanalu, radikularni
symptomy pfi spindlni stendze jsou cCastéji jednostranné a byvaji spojené s lateralni sten6zou

patefniho kanalu.

Neurogenni klaudikace jsou pro LSS charakteristickym ptiznakem a vyznacuji se tim, ze po
urcité dob¢ stani ¢i chilize ve vzpiimené poloze vznikaji bolesti, parestézie a nasledné i slabost
dolnich koncetin, kterd miZze vést az kpadim. Ne&kteti nemocni li¢i potize jako
necharakteristické nepiijemné pocity, inavnost a tihu ve stehnech, lytkach i chodidlech pfi
chiizi. Stav je zhorSovan zéklonem, naopak pfedklon, leh a sed pacientim pfinasi tlevu a
postupné vymizeni potizi do nékolika minut. VétSi potize zplsobuje nemocnym chize
z kopce (pti které dojde k retroflexi a dalSimu zauZeni patetniho kanalu) nez chiize do kopce.
Jizda na kole zpravidla necini potize. Néktefi nemocni zaujimaji typicky tlevovy postoj
v ptedklonu se semiflexi v kolenou (podobd se semiflekénimu drzeni pifi Parkinsonoveé
chorobé). Pacienti pii chlzi preferuji pomiicky jako nakupni vozik nebo kolo, o které se
mohou v piedklonu opfit a uvolnit tak patefni kanal. Vyskyt NK je udavan u 11-100 %
nemocnych s LSS, primér z 32 studii je 62 % (tabulka 1.5.1.) (Turner et al., 1992). V naSem
souboru 132 pacientli s LSS se NK vyskytovaly u 58 % pacientt.

Dilezit¢ je odliSit vaskularni klaudikace pfi ischemické chorobé dolnich koncetin.
Neurogenni klaudikace je nékdy také obtizné odlisit od jinych poruch chiize ve stafi nebo se
pfic¢iny zhorSené mobility kombinuji. Mezi nej¢astéjsi dlivody zhorSené mobility patii dusnost
kardidlniho nebo respiracniho plvodu, artr6za nosnych kloubti, zavraté¢ a astazie. Pokud
nejsou anamnestické tdaje o klaudikacich spolehlivé nebo existuje podezieni na jinou piicinu
poruchy mobility, je vhodné otestovat uslou vzdélenost a divody jejiho zkraceni na
pohyblivém chodniku (,,treadmill*) (Mi¢ankovd Adamova et al., 2012 d).

Pacienti Casto udéavaji chronické nebo recidivujici ataky bolesti dolni ¢asti zad a recidivujici
kotenové syndromy. Pfi¢inou je jak trvalé tisnéni nervovych kotenti kosténymi strukturami,

tak i instabilita lumbalnich segmenti ¢i vyhtez meziobratlového disku.
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U pacienti s LSS se také setkdvame s poruchami moceni, nékteti muzi mohou mit problémy
s mocenim ve stoje, kdy dochézi k lordotizaci patefe a ziizeni patetniho kanalu. Vzacné byla
popséana nechténd erekce pti chiizi, kterd se objevuje u nékterych pacienti soucasné s NK a
neni doprovazena libidem (priapismus), soucasné jsou pritomny bolesti vyzaiujici do ky¢li,
stehen a Iytek, brnéni a tupost DKK. Po posazeni dojde k Gstupu potizi a erekce béhem
n¢kolika minut mizi (Hopkins et al., 1974). Vyskyt sfinkterovych potizi a poruch erekce je

pravdépodobné mezi nemocnymi s LSS vzhledem k vy$§imu véku podhodnocen.

Neurologicky nalez na koncetinach v klidu byva variabilni: mtize byt zcela normalni, mohou
byt pritomny reflexologické zmény, Cast nemocnych ma trvalé parézy ¢i poruchy Cciti
v kotenové distribuci (tabulka 1.5.1.). Neurologicky deficit se vétSinou vyviji pomalu a
postupné, vzacnéji mize dojit k nahlé dekompenzaci se vznikem komprese vice nervovych
kofeni (syndrom kaudy). Napinaci manévry byvaji negativni, jejich pozitivita spolu
s klidovymi bolestmi ukazuje na hernii disku. Vyrazné byva omezena extenze bederni patete,

flexe muzZe byt relativné volna.
Klinicky obraz LSS Ize tedy shrnout do 3 okruhti:
1. Neurogenni klaudikace
2. Bolesti dolni ¢asti zad (lumbalgie) a kofenové bolesti (lumboischialgie)

3. Trvalé znamky vicekotfenového postizeni (chronicky syndrom kaudy equiny)

Tab.1.5.1. Klinické projevy LSS: souhrn studii (Turner et al., 1992)

Procentualni vyskyt Pocet studii
Primér | Min. Max.
Neurogenni klaudikace 62 11 100 32
Bolesti dolnich zad 87 29 100 45
Iradiace bolesti do koncetiny 84 10 100 45
Absence patelarniho reflexu 24 7 53 16
Absence reflexu Achillovy Slachy 58 17 100 20
Napinaci manévry 47- 49* 4-5% 1100 16
Objektivni senzitivni deficit 52 15 91 25
Objektivni slabost 51 14 100 27
Normalni neurologicky nalez 18 0 54 15

*rizné modifikace
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1.6. DTAGNOSTIKA LSS

Vyznamné misto v diagnostice LSS ma anamnéza, a to zejména, pokud pacient popisuje
typické neurogenni klaudikace. Pokud nejsou anamnestické tidaje o klaudikacich spolehlivé
nebo existuje podezieni na jinou pficinu poruchy mobility, je vhodné otestovat uslou
vzdalenost a divody jejiho zkraceni na pohyblivém chodniku (,,treadmill®). Pti vySetfeni na
treadmillu se mohou rovnéz manifestovat reflexologické zmény ¢i parézy (Porter, 1996).
Standardni neurologické vySetfeni mize odhalit permanentni neurologicky deficit v distribuci
jednoho ¢i vice lumbosakralnich kofent. U pacientl s LSS vyuZivame i riizné hodnotici Skély,
které ndm umoziuji pfesn&jsi a kvantifikovatelné posouzeni stavu pacienta. Skaly a méfeni
lze pouzit pfi hodnoceni tady tdajii a ndlezii, napf. anamnestickych dat, objektivniho
neurologického nalezu, zhodnoceni zdravotniho stavu, a to jak celkového, tak ve vztahu ke
specifickému onemocnéni, posouzeni spokojenosti s Iécbou. BliZe je o hodnoticich Skalach a

vySetieni na mechanickém chodniku pojednéno v samostatné kapitole.

K definitivnimu potvrzeni diagnézy LSS je nezbytné provést radiologické vySetteni. Vzdy
maji byt jako prvni provedeny rentgenové snimky bederni patefe (skiagrafie), standardné
zhotovujeme snimky v pfedozadni a bo¢né projekci. Rentgenové snimky piinasSeji informace
zejména o pritomnosti spondylartrozy, dorzalnich osteofytli, spondylolistézy a skolidzy, déle
slouzi k vylouceni sekundarni pfi¢iny zuZzeni patefniho kandlu (tumory, metastazy,
traumatické zmény apod.). Doporucuje se provadét 1 dynamické snimky bederni patete, a to
v predklonu a zdklonu, ptipadné i v tklonu, které umozni hodnoceni pfitomnosti mozné

nestability.

K pfesnému posouzeni situace v patefnim kanéalu vSak rentgenové snimky nestaci. V soucasné
dobé plati, Ze u pacientli s podezienim na LSS je indikovano MR vySetfeni bederni patefe. CT

patete je provadéno pouze ve vyjime¢nych piipadech, ptedevsim u kontraindikaci k MR.

Senzitivita MR bederni patefe je udavana 81-97 %, faleSna pozitivita lumbalni stenozy u
asymptomatickych osob dosahuje od 7 do 21 % (Kent et al., 1992; O'Duffy, 1997; Boden et
al., 1990). Vyhodou tohoto vysSetfeni je pfesné zhodnoceni mékkych tkani (vazivové zmény,
hernie, hypertrofie ligamentum flavum) a zobrazeni celého rozsahu bederni patefe, a tedy
veétsi citlivost pro detekei viceetdzové lumbélni stendzy. Nevyhodou je nedostatecné
zobrazeni kosténych struktur a omezené¢ hodnoceni dynamického aspektu LSS. Nejnovejsi
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otevien¢ MR pfistroje, jejichz vySetfovaci prostor neni omezen ve vertikalni roving, fesi i
tento problém a umoziuji dynamické zobrazovani. Pocet téchto pfistroji je vSak zatim velmi

omezeny.

V literatute se udava senzitivita CT vySetfeni 70-100 %, ale také faleSna pozitivita az 35,4 %
(Kent et al., 1992; Wiesel et al., 1984). Pfednosti CT vySetieni je dobré zobrazeni kosténych
struktur, nevyhodou je zobrazeni omezeného poctu etazi s moznosti ,,ptehlédnuti* stendzy
zvlasté ve vysSSich etazich, méné kvalitni zobrazeni stendzy zplsobené meékkymi tkanémi,

obtizné odliSeni jizevnaté tkan¢ od hernie a v neposledni fad¢ radiacni zatez.

Kontrastni perimyelografie, kterd vyuziva aplikace jodové kontrastni latky intraduralné cestou
lumbalni punkce, se jiz stala obsoletni, resp. je vyuzivdna jen vzdcné u pacientll
s kontraindikaci k MR vySetteni, kdy je posléze kombinovana s CT myelografii (tedy CT
u nemocnych se skoliézou nebo s pooperacnimi zménami. Plocha duralniho vaku < 100 mm?
v nejuzs$im misté je povaZzovana za kritérium relativni centralni stendzy, hodnota pod 75 mm?

je povazovana za kritérium absolutni centralni stendzy (Schonstrom a Willén, 2001).

Pti hodnoceni radiologickych nalezl je nutné si uvédomit, Ze nalez degenerativnich zmén na
patefi vCetné prukazu stendzy je velmi Casty 1 u asymptomatickych jedincii, a to zejména u
lidi vyssiho v€ku. VZdy je nutné korelovat radiologicky nélez s nalezem klinickym a dobfie

posoudit, zda prokézané radiologické zmény jsou pticinou pacientovych potizi.

Piinosné je 1 elektrofyziologické vySetieni, zejména elektromyografie (EMG) z dolnich
koncetin. O elektrofyziologickém vySetfeni je rovnéZ pojednano v samostatné kapitole.
Pacienti by méli mit rovnéz provedeno sonografické vysetifeni tepenného systému dolnich

koncetin k vylouceni cévnich klaudikaci u ischemické choroby dolnich koncetin.

U pacientti s lumbalni spindlni sten6zou je kromé nociceptivni bolesti ¢asto pfitomna periferni
neuropatickd bolest, a to bolest radikularniho charakteru. Kvantitativni testovani senzitivity
(QST) patii mezi klicové metody v diagnostice neuropatické bolesti, na jejiz patogenezi se
podili dysfunkce tenkych nervovych vldken. Pocitatem asistované testovani senzitivity je
skupina psychofyzikalnich metod umoziujici kvantitativni hodnoceni percepce tady
senzitivnich modalit (Yarnitsky a Sprecher, 1994; Yarnitsky, 1997; Dyck et al., 2005). V

ramci diagnostického algoritmu neuropatie tenkych vldken je nej€astéji testovana citivost pro
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teplo a chlad (tento test byva oznacovan jako testovani termického prahu — TTT), pfipadné
bolest vyvoland obvykle termickymi podnéty. Testovat vSak lze i jiné senzitivni modality,
jako napft. vibrace (percepce je zde zprostfedkovana silnymi a nikoliv tenkymi nervovymi
vlékny). V nasi pilotni studii jsme vySetfili 26 pacientli s klinicky manifestni LSS, byly
stanoveny termické a vibrani prahy metodou pfistrojové asistovaného QST. V distribuci
kotene s radikularni bolesti bylo zachyceno postiZeni termické percepce (odrazejici dysfunkei
tenkych vldken) u 92,3 % pacientli a postizeni vibracni percepce (reflektujici dysfunkci
silnych vldken) u 50 % pacientl. V distribuci kontralaterdlniho kofene bylo termické Citi
abnormalni u 57,7 % a vibraéni u 23,1 % pacientii. Lze tedy shrnout, Ze dysfunkce tenkych
nervovych vldken byla prokdzana ve vyznamné vétSiné dermatomt s radikularni bolesti a u
poloviny kontralaterdlnich dermatomti. Dysfunkce silnych nervovych vldken byla méné Casta.
Z uvedené pilotni studie vyplyva, ze QST a zejména vySetfeni termického Citi se jevi jako
piinosnd metoda u pacienti s radikularni bolesti, kterda mlze pomoci objektivizovat jeji

ptitomnost (Kopacik et al, 2013).

Ve shodé s nasimi vysledky bylo v literatufe popséno, Ze pacienti s radikularni bolesti
v postizeném dermatomu maji abnormity v QST. Obdobné zmény vSak byly nalezeny i u
pacientl s pseudoradikuldrni bolesti, ale zmény byly mén¢ vyjadieny. Rovnéz bylo nalezeno 1

postizeni v kontrolateralnim dermatomu, ale opét v mensi mife (Freynhagen et al., 2008).

Problematika QST u pacientii s radikularni bolesti, a tedy i u pacienti s LSS, je dosud

nedofesend a v budoucnu se ji hodlame podrobnéji zabyvat.
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1.7. HODNOTICI SKALY A VYSETRENI NA MECHANICKEM
CHODNIKU

1.7.1. Hodnotici Skaly

Hodnotici $kaly u pacienti s LSS slouzi pro ptesnéjsi a kvantifikovatelné posouzeni stavu
pacienta, pro zhodnoceni efektu 1écby, maji svlij vyznam pii hodnoceni dlouhodobého
klinického vyvoje pacienta a rovnéz napomadhaji pii vybéru nejvhodnéjsiho léCebného
postupu. Vyznam maji nejen v klinickych studiich, ale i v b&Zné l1ékatské praxi. Skély a
méfteni lze pouzit pii hodnoceni fady Gdaji a ndlezl, napt. anamnestickych dat, objektivniho
neurologického nalezu, zhodnoceni zdravotniho stavu, a to jak celkového, tak ve vztahu ke
specifickému onemocnéni, posouzeni spokojenosti s 1é€bou. Piiklady dotaznikli, méfeni a skal

vyuzivanych u pacientli s LSS jsou uvedeny v tabulce 1.7.1.

V soucasnosti se stale vEétsi pozornost vénuje Skalam, ve kterych hodnoti svilij stav sdm
pacient, coz je dano tim, ze cilem léc¢by je zejména zlepSeni funkéniho stavu a kvality Zivota
pacienta. Do pozadi tedy ustupuje diive bézné uzivané hodnoceni Iékaiem (vysledek 1écby byl
Casto hodnocen jako vyborny, dobry, pfijatelny nebo Spatny) a stile vice se uplatiluje
hodnoceni bolesti a disability samotnym pacientem (Hagg et al., 2003). Pfi vyhodnoceni stavu

pacienta a vysledkt 1écby je nutné analyzovat vice faktort.
Hodnoceni nemocného s bolesti dolni ¢asti zad je mozné obecné provést ze 3 aspekti:
(1) Zhodnoceni objektivniho nalezu (napt. kvantifikace neurologického nélezu);

(2) Zhodnoceni vykonnosti nemocného (napt. schopnost ujit urcitou vzdalenost, schopnost

sedét, stat ¢i nést urcité bremeno);
(3) Posouzeni socialni disability a zivotni spokojenosti.

Velmi dulezita je klinickd interpretace vysledku ziskaného vyhodnocenim dotazniku. I kdyz
zména skore miize byt statisticky signifikantni, nemusi to nezbytné¢ znamenat, Ze zmeéna je
klinicky vyznamna. Byl proto definovan pojem ,,minimalni klinicky vyznamny rozdil®, a to
jako nejmensi rozdil ve skére, ktery pacient vnimé jako uzitecny (Jaeschke et al., 1989).
Problémem je rovnéz vztah minimalniho klinicky vyznamného rozdilu a nepfesnosti
dotazniku. Existuje riziko, Ze zména ve skore vyjadiuje pouze nepiesnost dotazniku a ne
pravy rozdil. Pokud tedy nepfesnost presahuje minimalni klinicky vyznamny rozdil,

uzitecnost dotazniku mize byt sporné (Hagg et al., 2003).
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Indexy, které hodnoti zdravotni stav obecné, nejsou specifické pro pacienty s bolestmi dolni
Casti zad, a tudiz nejsou tak senzitivni na zménu stavu pacienta. Vyhodou je, Ze dovoluji
srovnani s jinymi nemocemi a zahrnuji posouzeni jak fyzického, tak i psychického stavu
(Bergner et al., 1981). Dotaznik SF-36 a SIP patii ve studiich pacientl s bolesti dolni Casti

zad mezi nej€astéji uzivané indexy, které hodnoti zdravotni stav.

Sickness Impact Profile (SIP, Profil dopadu nemoci) byl poprvé publikovan v roce 1976
ajeho vylepsend verze byla publikovana Bergnerem a spol. vroce 1981 (Bergner et al.,
1981). Obsahuje 136 otazek ¢i polozek. Miize byt vyplnén bud’ samotnym pacientem nebo
muize byt také koncipovan jako pohovor. K vyplnéni dotazniku postaci pacientovi 20-30
minut. Dotaznik zahrnuje dvé oblasti, a to fyzickou a psychosocialni, které celkem obsahuji
12 podkategorii (spanek a odpocinek, emocni chovani, péce o sebe, starost o domacnost,
mobilita, socialni vztahy, chlize, vitalita, komunikace, zaméstnani, rekreace a zabava, pfisun

potravy). Tento dotaznik je oznacovan za spolehlivy a je také validovan.

Dotaznik SF-36 (Ware a Sherbourne, 1992) je Siroce pouzivanym nastrojem ke zjiSténi
kvality Zivota v souvislosti se zdravim. Tento dotaznik dobie odrazi zdravotni problémy
fyzického charakteru i celkové duSevni zdravi a je pouzitelny ke zjisténi kvality zivota u

Sirokého spektra onemocnéni.

Dotaznik obsahuje celkem 36 polozek rozdélenych do 8 blokd. Kazdd polozka (otdzka)
obsahuje né¢kolik navrzenych odpovédi na principu Skélové stupnice. Jednotlivé bloky
zahrnuji:

1. Fyzické funkce - bézné fyzické aktivity jako zvedani pfedmétu, chlize ¢i oblékani.

2. Fyzické omezeni roli - omezeni pfi praci a jinych ¢innostech.

3. Bolest - intenzita bolesti a omezeni zptisobené bolesti.

4. VSeobecné vnimani vlastniho zdravi - osobni hodnoceni vlastniho zdravi.

5. Vitalita - zda se respondent citi pln eldnu a energie ¢i naopak citi vyCerpani.

6. Fyzické aemocni omezeni socidlnich funkci - zdravotni a emocionélni potize bréanici

normalnimu spolec¢enskému zivotu.

7. Emo¢ni omezeni roli - omezeni v praci a béznych ¢innostech kviili emocionalnim potizim.
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8. DuSevni zdravi — pocit nervozity, deprese €1 pesimismu.

Dotaznik jesté obsahuje jednu polozku, ktera nepatii do Zadného bloku. Tato polozka popisuje
soucasné zdravi ve srovnani se zdravim pied rokem. V rdmci kazdého bloku jsou jednotlivé
otazky ohodnoceny, hodnoty seCteny a vyslednd hodnota transformovana na Skéalu 0-100,
piicemz 100 znaci dobry zdravotni stav a 0 Spatny zdravotni stav. Takto dostaneme jednu

hodnotu pro kazdy blok. Témito 8 hodnotami je popisovan zdravotni stav respondenta.

Indexy specifické pro dané onemocnéni (v tomto piipade pro pacienty s bolestmi dolni ¢asti
zad) jsou senzitivn€j$i na zménu klinického stavu. Nejbéznéji se uziva dotaznik RDQ a

Oswestry dotaznik.

Roland Morris Disability Questionnaire (RDQ) (Dotaznik nezptisobilosti podle Rolanda a
Morrise) je kratky a jednoduchy dotaznik, ve kterém pacient hodnoti, zda bolesti dolni casti
zad ovliviiyji jeho fyzické schopnosti (Rolland a Morris, 1983). RDQ byl odvozen z
dotazniku Sickness Impact Profile (SIP). Pro RDQ bylo vybrdno 24 polozek, které se
specificky vztahuji k fyzickym funkcim a které mohou byt ovlivnény bolesti dolni ¢asti zad.
RDQ byl rovnéz ptelozen do cestiny. Dotaznik nezahrnuje otdzky zaméfené na psychické

nebo socialni problémy (Roland a Fairbank, 2000).

Oswestry* dotaznik (Oswestry Disability Index — ODI) hodnoti omezeni béznych dennich
aktivit bolesti dolni ¢asti zad, kvantifikuje tedy subjektivni potize pacienta a vyjadiuje miru
disability (Fairbank et al., 1980; Baker et al., 1989). Dotaznik obsahuje 10 otazek, z nichz
kazda ma 6 alternativ odpovédi, pficemz odpovédi jsou skorovany odshora doli, kdy se
k prvni moZnosti odpovédi piifazuje 0 bodi a k posledni 5 bodl (tato predstavuje nejvyssi
stupen disability u dané otazky). Mira disability se vyjadfuje v procentech a vypocita se
z celkového skore (ze souctu bodii u vSech deseti otazek). ODI miize nabyvat hodnot 0 az 100
%. Prvni verze tohoto dotazniku byla publikovana vroce 1980 (Fairbank et al., 1980).
Dotaznik existuje ve vice verzich (Roland a Fairbank, 2000; Baker et al., 1989; Fairbank a
Pynsent, 2000), pficemz autofi ODI doporucuji uzivat verzi 2.1a, kterd je k dispozici i
v ¢eském jazyce a byla jazykovée validovana. V nasi praci jsme prokazali, ze nova ¢eska verze
Oswestry dotazniku (2.1a) je plné zaménitelna se starsi verzi ODI. Dale jsme prokézali ptinos
tohoto dotazniku u pacientti s LSS pfi posouzeni jejich disability (Mi¢ankova Adamova et al.,

2012 a).
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Pacient potiebuje k vyplnéni Oswestry dotazniku vétSinou 3,5 - 5 minut a asi 1 minutu zabere
jeho vyhodnoceni. Za minimalni klinicky vyznamny rozdil ODI jsou povazovény dle raznych
autori hodnoty 5,2 az 16,3 procentnich bodli (Suarez-Almazor et al., 2000; Taylor et al.,
1999). Oswestry dotaznik je komplexnéjsi nez General Function Score (GFS), protoze
zahrnuje otazky na fyzickou disabilitu (schopnost sedét, stat, zvedani bifemen a chiize),
hodnoti 1 socidlni handicap (spolecensky zivot, sexudlni funkce, cestovani, osobni péce) a
hodnoti rovnéz bolest a spanek. Rozdily mezi RDQ a ODI nejsou velké. Oba dotazniky byly
urceny pro papirové vypliovani, nicméné zejména RDQ je Casto vypliiovan telefonicky. ODI
je pro telefonické vyplinovani méné vhodny, protoze u kazdé otazky je na vybér z vice (Sesti)
alternativ odpovédi. Pii vysokém stupni disability pacienta ODI muze jesté vykazat zménu, 1
kdyz RDQ skore je jiz maximalni. Naopak pii malé disabilité, pokud ODI je minimdlni, mtze
prokdzat zménu RDQ. Je tedy doporucovano uzivat ODI u pacientl, kde se piedpoklada

perzistujici tézka disabilita, a RDQ u pacientl, kde se ptedpoklada relativné mala disabilita.

* Oswestry je mésto v Anglii v hrabstvi Shropshire

General Function Score (GFS, Obecné funkéni skore) je specificky dotaznik pro pacienty
s bolestmi dolni ¢asti zad, ktery hodnoti fyzickou disabilitu, otazky se tedy tykaji fyzickych
aktivit denniho zivota. Ma 9 polozek, z nichz kazdd ma 3 alternativy odpovédi. Vysledek se
vyjadiuje v procentech, celkovym skore od 0 do 100 % (0 znamend bez fyzické disability,
100% znamena maximalni fyzickd disabilita). Hodnocené aktivity jsou: chiize po schodech,
sezeni, stani, chlize, zvedani bfemen, naklanéni nad umyvadlem, neseni nakupni tasky,
oblékani, stlani postele. Vyhodou je kratkd doba potiebna pro vyplnéni dotazniku (1-2

minuty) a moznost ovéfit tvrzeni pacienta objektivnim pozorovanim (Hagg et al., 2001).

Vizualni analogova Skala bolesti (VAS) se vyuziva ke kvantifikaci bolesti, coz provadi sam
pacient. VAS umoziuje vyjadrit bolest graficky, pouziva se usecka o délce 10 cm, vypada
jako pravitko, jeji levy konec je oznacen jako ,,z4dnd bolest" (0) a pravy konec jako ,,nejhorsi
bolest, jakou si umim ptedstavit" (10). Pacient na usecce oznaci bod, ktery zndzoriiuje

intenzitu vnimané bolesti, pfi hodnoceni se odecita pocet centimetri od levého okraje.

Misto Skaly od 0 do 10 je mozno vyuzit skalu 0 az 100 (pfi hodnoceni se odecita pocet
milimetri od levého okraje). Za minimalni klinicky vyznamny rozdil u této Skaly jsou

povazovany hodnoty 18 az 19. VAS je povaZovana za dostatecné citlivou pro detekci
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minimalnich klinicky vyznamnych zmén (Hagg et al., 2003). U pacient s LSS je vhodné

oddélen¢ zjistovat troven bolesti v dolnich koncetinach a v zadech.

Dale se vyuziva i 11-bodova numericka Skéla intenzity bolesti (pain intensity numerical rating
scale, PI- NRS), kdy pacient verbaln¢ hodnoti svou bolest ¢islem od 0 do 10. Hodnota 0
znamena zadna bolest, hodnota 10 nejhorsi bolest, jakou si pacient umi ptedstavit. Hodnoty 1-
3 se povazuji za mirnou bolest, 4-6 za stiedni bolest a 7-10 za tézkou bolest. Za klinicky
vyznamny rozdil je vétSinou povazovana zmeéna o 2 body nebo o 30 % na této skéle (Farrar et
al., 2001). Kromé¢ zhodnoceni aktualni urovné bolesti je dobré se pacienta ptat i na to, jak

hodnoti bolest, pokud je nejhorsi a pokud je nejmensi, ¢i jakou ma priimérnou bolest.

NRS ve srovnani s VAS je jednodussi, uziti nevyzaduje Zadné pomucky, staci pouze verbalni
kontakt, je tedy vhodna i pro telefonicky kontakt s pacientem. S VAS mohou mit potize starsi
pacienti, pacienti s vizudlnim ¢i kognitivnim postiZenim. Byla zjiSténa vyznamnd a staticky

signifikantni korelace mezi VAS a NRS (r = 0,847, p < 0,001) (Paice a Cohen, 1997).

Skore neurologického postizeni u lumbdélni spinalni stendzy (NIS-LSS: Neurological
impairment score in lumbar spinal stenosis), dfive oznacované jako skore Ada-Vo*, bylo
vypracovano na nasem pracoviSti pro zhodnoceni neurologického nalezu na dolnich
koncetindch u pacienti s LSS (tabulka 1.7.2.). Skére zahrnuje hodnoceni Slachookosticovych
reflexi na DKK, taktilniho a vibra¢niho ¢iti na DKK, hodnoti pfitomnost paréz (schopnost
stoje na Spickach, na patach a diep) a dale schopnost chlize a béhu. Vysledek mize nabyvat
hodnot od 0 do 33 bodii, pfi¢emz plny pocet bodii znamena zcela normalni neurologicky nalez
na dolnich koncetinach, 0 boda pak uplnou neschopnost samostatné lokomoce (Micankova
Adamova et al., 2013 a). Skore je jednoduché a Ize jej stanovit pii béZném neurologickém

vySetieni DKK.

* Zkratka Ada-Vo byla odvozena od pocate¢nich pismen autori tohoto skére (Adamova,

Vohaiika).

Pacienti s LSS tvoti specifickou podskupinu pacientd s bolesti dolni ¢asti zad, proto Stucki a
spolupracovnici vyvinuli dotaznik, ktery je zaméfen pravé na pacienty s LSS. Ve srovnani
s dotazniky hodnoticimi obecné zdravotni stav nebo zaméfenymi na specifické onemocnéni (v
tomto pripad¢ na bolesti dolni ¢asti zad) je tento dotaznik mnohem citlivéjsi a ma nejveétsi

schopnost odlisit spokojeného a nespokojeného pacienta (Stucki et al., 1995; Stucki et al.,
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1996). Dotaznik obsahuje 3 Skaly. Prvni Skéala obsahuje 7 otazek tykajicich se tize
subjektivnich potizi, druhd Skédla zahrnuje 5 otdzek zamétenych na fyzické schopnosti
(funkeni postiZeni) a tieti ¢ast obsahuje 6 otazek tykajicich se spokojenosti s 1¢é¢bou. Dotaznik
je kratky, dobte reprodukovatelny, vysoce citlivy pro klinické zmény a pacient je schopen ho
vyplnit sam (Stucki et al., 1996). Tento dotaznik se v souasné dob¢ nazyva jako Swiss
Spinal Stenosis Questionnaire (SSS - Svycarsky dotaznik pro spinalni stenézu) (Pratt et al.,
2002) nebo Zurich Claudication Questionnaire (ZCQ - Curyssky klaudikac¢ni dotaznik), které
jsou v soucasnosti povazovany za nejlepSi a nespecifi¢téjsi dotazniky pro zhodnoceni

vysledki 1é¢by (konzervativni ¢i operacni) LSS.

Pro pacienty s LSS byl rovnéZz vyvinut dotaznik Beaujon* Scoring System (Beaujonsky
skorovaci systém), ktery obsahuje sedm otdzek specificky zamétfenych na stanoveni
funk¢niho postiZzeni u téchto pacientl. Vysledek dotazniku mize nabyvat hodnoty od 0 do 20,

piicemz hodnota 20 znamena stav bez funk¢éniho omezeni (Lassale et al., 1988).
* nemocnice v Clichy ve Francii pojmenovand po Nicolasu Beaujonovi

Konno a spolupracovnici vytvofili jednoduchou diagnostickou pomucku, kterd pomaha
identifikovat pacienty s lumbalni spinalni sten6zou (tabulka 1.7.3.) (Konno et al., 2007 a). Do
skorovaciho systému byly zahrnuty 2 polozky z anamnézy, 3 poloZky tykajici se pacientovych
potizi a 5 polozek z klinického vySetfeni. Soucet skore mize nabyvat hodnot od -2 do 16.
Pokud skore nabyvalo hodnoty od -2 do 5, tak prevalence LSS dosahovala 6,3 %, pokud
nabyvalo hodnoty od 12 do 16, tak prevalence LSS byla 99 %. Cut-off (diskriminacéni)
hodnota pro skore byla stanovena 7. Pokud vyslednd hodnota skére nabyva hodnoty 7 ¢i vice,
tak senzitivita je 92,8 % a specificita je 72 % pro diagndézu symptomatické lumbalni spindlni
stendzy. Tato jednoducha diagnosticka pomtcka byla vytvofena se zdmérem pomoci lékatim,
kteti se nespecializuji na problematiku LSS, urcit tuto diagndézu u pacientii se symptomy

v dolnich kondetinach.

Stejnd skupina japonskych autori dale vytvofila dotaznik zaloZeny na anamnestickych
udajich (SSHQ — self-administered, self-reported history questionnaire), ktery ma slouzit jako
pomucka pro identifikaci pacienti s LSS a pro urceni klinického subtypu LSS. Autofi
rozeznavaji 2 subtypy LSS podle pfevazujicich symptomi, a to radikularni typ, kdy dominuje
jednostranna radikuldrni bolest, a typ kauda equina, kde dominuji oboustranné¢ neurogenni
klaudikace (tabulka 1.7.4.). Interpretace dotazniku je nasledujici — skére 4 body v otdzkach
Q1-Q4 znamena pfitomnost lumbalni spindlni stenozy; skore 4 v otdzkach Q1-Q4 a méné nez

28



1 v otazkdch Q5—Q10 svédci pro radikuldrni typ LSS; skore vice nez 1 v otdzkach Q1-Q4 a
vice nez 2 v otazkach Q5-Q10 indikuje kauda equina typ LSS (neurogenni klaudikace).
Dotaznik mé senzitivitu 84 % a specificitu 78 % pro diagnoézu LSS (Konno et al., 2007 b).

1.7.2. VySetfeni na mechanickém chodniku

Patognomickym piiznakem LSS jsou neurogenni klaudikace, které omezuji pacienta pfi
chiizi. Ztohoto diivodu je cenné vysetieni na mechanickém (pohyblivém) chodniku
[treadmill], které objektivizuje pacientovy potiZze pii chlizi a hodnoti vzdalenost, kterou
nemocny ujde do vzniku potizi. Pfi tomto vySetfeni se mohou rovnéZ manifestovat
reflexologické zmény ¢i parézy (Porter, 1996). VySetfeni na mechanickém chodniku je
povazovano za bezpeCny, jednoduSe proveditelny a kvantifikovatelny prostfedek pro
stanoveni zakladniho funkéniho stavu u pacientii s LSS a NK. Test je rovnéZz uZitecny pro
zhodnoceni vysledku chirurgické 1écby, ma dobrou reprodukovatelnost pii opakovaném
provedeni a nebyl zjistén vliv opakovaného provéadeéni testu na vysledek (Deen et al., 2000).
Neurogenni klaudikace je mozno nejlépe prokazat pii konstantni pomalejsi chizi (pfi
rychlosti kolem 2 km/h). Béhem testovani na mechanickém chodniku je nutné, aby pacient
zlstal ve vzptimené poloze a nepiedklanél se, protoZe by mohlo dojit k Gstupu neurogennich
klaudikaci (pfi pfedklonu se patetni kanal rozsifuje). VysSetfeni na mechanickém chodniku je
dostacujici provadét po dobu 15 minut, protoze pokud do této doby nevznikly neurogenni

klaudikace, je malo pravdépodobné, Ze by se pii dal§im pokratovani NK rozvinuly.

Pti vyhodnocovani testu na mechanickém chodniku je nutné si uvédomit, Ze omezeni kapacity
chlize miZze mit fadu jinych pfi¢in (napf. duSnost, celkovou slabost, dekondici, cévni
klaudikace, kloubni bolesti) a Ze je tfeba peclivé analyzy, aby nedoSlo k chybné interpretaci
ve smyslu neurogennich klaudikaci (Adamova et al., 2003). Vyznam testovani na
mechanickém chodniku podtrhuje zjisténi, ze subjektivni odhad uslé vzdalenosti pacientem
byva chybny.

V literature se udava, ze treadmill test mize byt uziteCny v diferencialni diagnostice LSS,
zejména pti odliSeni cévnich a neurogennich klaudikaci (Nagler a Hausen, 1998). Citlivéjsi
prikaz LSS je mozno dosahnout pomoci tzv. dvoufazového treadmill testu, ktery spociva ve
vySetfeni chliize na rovném a dale na naklonéném chodniku, coz simuluje chizi do kopce

(Fritz et al., 1997). U pacientt s LSS byl zjistén signifikantné diivéjsi zacatek symptomi pii
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chiizi po roving, delsi celkovy ¢as chiize na naklonéném chodniku a prodlouzend doba do
ustupu potizi po chiizi na roviné¢ ve srovnani s pacienty se zhorSenou toleranci chiize jiné
etiologie nez LSS. Test je mozno provést tak, ze pacient jde zprvu na rovném chodniku,
dokud nepociti bolest v dolnich koncetinach. Poté je chodnik naklonén, aby simuloval chlizi
do kopce. U pacienta s vaskularnimi klaudikacemi bolest pretrvava nebo se zhorSuje, objevuje
se po ujiti konstantni vzdalenosti a odezniva zhruba po 5 minutach od zastaveni (Panoskaltsis,
1996). Vaskularni klaudikace jsou nejvice vyjadfeny v musculus gastrocnemius, ktery kvili
vysoké hustoté svalovych vldken na jednotku tkan€ ma vyssi spotiebu kysliku neZ jiné svaly v
lidském téle. Na druhé strané pacienti s neurogennimi klaudikacemi maji mensi bolesti pii
chtizi do kopce, kdy dochézi k flexi bederni patefe a snizeni komprese vlaken kaudy equiny.
Test na mechanickém chodniku je zvlast¢ cenny v ptipadech, kdy je soucasny vyskyt

lumbalni spinalni sten6zy a ischemické choroby dolnich koncetin (Nagler, 1981).

1.7.3. Posouzeni tize LSS

V soucasné dobé€ neexistuji jednotna a vSeobecné uznavana kritéria pro stanoveni tize LSS. Je
znamo, ze u pacientd s bolestmi dolni ¢asti zad je bézn€ pozorovdna neshoda mezi
radiologickym nalezem a klinickym ndlezem. Posuzovéni tize lumbalni spindlni sten6zy by
mélo byt zaloZzeno na zhodnoceni miry klinického postizeni a jeho dopadu na disabilitu
pacienta, nemélo by vychazet z posuzovani tize radiologickych zmén, coz je podstatné i pro
dalsi volbu lécebného postupu (tj. rozhodnuti, zda zvolit spiSe konzervativni postup ¢i

operacni 1écbu).
Na zaklad¢ literarnich idaju i1 vlastni klinické zkusSenosti navrhujeme tizi LSS hodnotit podle
ttech parametri (tabulka 1.7.5.):
1. intenzita bolesti stanovend pomoci numerické Skaly intenzity bolesti (lehka bolest: 0-
3, sttedni bolest: 4-6, t€¢zka bolest: 7-10)
2. disabilita stanovena dle Oswestry dotazniku (lehké postizeni: 0-40 %, stfedni
postizeni: 41-60 %, t€zké postizeni: 61-100 %).
3. usla vzdalenost do vzniku NK hodnocend na mechanickém chodniku (t€zké postizeni:

0-20 m, stfedni postizeni 21-200 m, lehké postizeni nad 201 m).
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Tize LSS (lehka, stfedni, tézkd) je nasledné¢ odvozena podle pievazujici kategorizace

jednotlivych parametrt (u kazdého parametru je kategorie lehka — stfedni — tézkd). Pokud

kazdy ze 3 parametrii vykazuje jinou kategorii, tak se fidime dle kategorie, do které spadé usla

vzdalenost (Mi¢ankovd Adamova a Vohaika, 2013 b).

Tab.1.7.1. VySetieni, §kaly a dotazniky uzivané pti hodnoceni pacientti s LSS

(modifikovano dle Fritzové) (Fritz et al., 1998).

Typ vySetieni

Skala, dotaznik, pop¥. parametr pro zhodnoceni

Anamnéza

Vizudlni analogova skala bolesti (VAS)

Numericka skala intenzity bolesti (PI-NRS)

Neurologické vySetieni

Skoére neurologického postizeni u LSS (NIS-LSS)
Rozsah hybnosti patete

Test na mechanickém chodniku

Zhodnoceni celkové (vSeobecné) trovné

zdravotniho stavu pacientem

Sickness Impact Profile (SIP)

Dotaznik SF-36

Zhodnoceni trovné zdravotniho stavu
pacientem ve vztahu ke specifickému
onemocnéni (zde minéno bolesti dolni

casti zad)

Oswestry dotaznik (ODI)

Dotaznik nezptsobilosti podle Rolanda a Morrise
(RDQ)

General Function Score (GFS)

Zhodnoceni urovné zdravotniho stavu
pacientem ve vztahu ke specifickym

potizim (zde minéno LSS)

Svycarsky dotaznik pro spinélni stenozu

Beaujonsky skorovaci systém

Spokojenost s 1é¢bou dle pacienta

soucast Svycarského dotazniku pro spinélni stendézu
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Tab.1.7.2. Skére neurologického postizeni u LSS (NIS-LSS)

Reflexy Slachové a okosticové na DKK

reflex patelarni, reflex Slachy Achillovy,

za kazdy pfitomny reflex na jedné koncetiné 1 bod
(0-4b.)
Taktilni ¢iti na DKK
neporuseno oboustranné 4 body
poruseno na jedné DK 2 body
poruseno oboustranné 0 bodi
(0-4b.)
Vibra¢ni ¢iti na DKK (zevni kotnik)
neporusena oboustranné 4 body
porusena na jedné DK 2 body
poruSena oboustranné 0 bodt
(0-4b.)
Stoj na Spicky, na paty, diep
za kazdy cvik 3 body
(pokud vazne pouze na jedné DK, tak 1,5 bodu)
(0-9b.)
Chiize + béh
béhu schopen 12 bodt
chlize bez opory 9 bodi
chtize s oporou 1 hole 6 bodi
chtize s oporou 2 holi 3 body
chtize neschopen 0 bodi
(0-12b.)
Celkem (0-33b.)
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Tab.1.7.3. Diagnosticka pomtcka k identifikaci pacienti s lumbalni spinélni stendzou (Konno

et al., 2007 a)

Parametr Skore rizika
Anaméza
Vék (roky):  60-70 1
>70 2
Absence diabetes mellitus 1
Symptomy
Neurogenni klaudikace pfitomny 3
Exacerbace symptomi pii vstyku 2
ZlepSeni symptomi pii predklonu 3
Klinické vySetieni
Symptomy jsou vyvolany piredklonem -1
Symptomy jsou vyvolany zaklonem 1
Dobré periferni arterialni cirkulace 3
Abnormalni reflex Slachy Achillovy 1
Pozitivni Laséguelv ptiznak -2
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Tab.1.7.4. SSHQ (self-administered, self-reported history questionnaire) - dotaznik pro

diagnostiku lumbalni spindlni sten6zy a jejich klinickych subtypt (Konno et al., 2007 b).

Cislo otazky Znéni otazky

Ql Necitlivost a/nebo bolest ve stehnech jdouci az do 1ytek a holeni.

Q2 Necitlivost a/nebo bolest jsou intenzivnéjsi po chvilce chiize, tleva nastava
po odpocinku.

Q3 Stani po chvilce vede k necitlivosti a /nebo bolesti ve stehnech jdouci az do
Iytek a holeni.

Q4 Necitlivost a/nebo bolest jsou mirnény predklonem.

Q5 Necitlivost je pfitomna v obou dolnich konc¢etinach.

Q6 Necitlivost je pfitomna v chodidlech obou nohou.

Q7 Necitlivost vznika v oblasti hyzdi.

Q8 Necitlivost je pfitomna, ale bolest chybi.

Q9 Paleni vznika v oblasti hyzdi.

Q10 Chiize vede k uniku moci.
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Tab.1.7.5. Definice tize LSS

Lehka LSS

Stfedni LSS

Tézka LSS

Oswestry

dotaznik

0—-40 %

X

41 - 60 %

61 —100 %

Bolest

Usla vzdalenost

0-20m

21-200m

>201 m
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1.8. DIFERENCIALNI DIAGNOSTIKA LSS A NEUROGENNICH
KLAUDIKACI

Typickou klinickou manifestaci LSS jsou neurogenni klaudikace, LSS se vSak muze

manifestovat i bolestmi dolni ¢asti zad, kofenovymi bolestmi ¢i chronickym syndromem

kaudy equiny. Vzhledem k pestrému klinickému obrazu je i diferencialni diagnostika LSS

Siroka.

Diferencidlni diagnostika neurogennich klaudikaci zahrnuje (Porter, 1996):

Klaudikace cévniho pivodu pfi ischemické chorobé dolnich koncetin (tabulka 1.8.1.).
od pacienta. Typické pro neurogenni klaudikace je, ze tleva nastava po usednuti, diepu ¢i
piedklonu, chlize do kopce byva nebolestiva narozdil od chlize z kopce (pfi chiizi do
kopce je bederni patet ve flexi, kdy dojde k roz$ifeni paterniho kanalu, pti chtzi z kopce
naopak dojde k extenzi, a tim k ziZeni patefniho kanalu), jizda na kole pacientim s LSS
necini potize, typické je, Ze vzdalenost, kterou nemocny s neurogennimi klaudikacemi
ujde, byva ménliva. U vaskuldrnich klaudikaci byvaji trofické kozni zmény (atrofie nehta,
porucha ochlupeni), akra koncetin byvaji bledd ¢i cyanotickd. Bolest u vaskularnich
klaudikaci byva kiecovitd, u neurogennich klaudikaci kiecovitad ¢i paliva. Nekdy vSak
muze byt obtizné odlisit cévni a neurogenni klaudikace, proto je nutné doplnit vySetfeni
arterialniho systému DKK (palpacni vySetieni pulzaci a doplnéni sonografického
vysetieni tepenné¢ho systému DKK). Situace se muze komplikovat tim, ze se neziidka
setkavame s koincidenci LSS a ischemické choroby DKK (viz kapitola ,,Asociované
choroby®).

Klaudikace sedaciho nervu zptisoben¢ insuficienci arteria glutaea inferior, kdy dochazi
k ischemii n. ischiadicus a klaudikacim v jeho distribuci. Toto je nutno zvazit v piipade,
ze nejsou znamky LSS a periferni cirkulace je v potadku.

Pienesené bolesti z lumbalni krajiny do hyzd€¢ a stehna mohou imitovat neurogenni
klaudikace v pfipad¢, ze se symptomy zhorSuji pfi chizi. Nicméné prenesend bolest se
vyskytuje i pfi jinych aktivitich nez chiize a chlze, i kdyz je bolestiva, nebyva zcela
znemoznéna. Napiiklad nestabilni istmickd spondylolistéza mize vést pii chizi

k prenesené bolesti do stehna, 1 kdyz nebyvé pfitomna centralni sten6za. Rovnéz postizeni
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sakroiliakalniho spojeni se vyznacuje bolesti dolni Casti zad s propagaci do hyzd¢ a stehna
pfi stoji a chiizi, klinicky vSak byva ptitomna bolestivost sakroiliakalniho spojeni.

Nekteti pacienti s koFenovymi bolestmi pii vyhiezu disku pocituji zhorSeni potizi pfi
stani nebo chuzi, ale maji bolesti 1 v klidu. Vyhtez disku se vyskytuje castéji u osob
mladSich 55 let, neurogenni klaudikace se vyskytuji u osob starSich 50 let.

Klaudikacni bolest pii chiizi se mize vyskytnout u nemocnych, u kterych neodpovida
organickému postizeni, byvaji pfitomny 1 dalsi diskrepantni ptiznaky, abnormélni vzorec
chovani — jde o obtize psychogenniho piivodu. S psychogennim podilem se setkavame
Casto u pacientl s dlouhodobou anamnézou bolesti dolni ¢asti zad.

Artrézu kolen nebo ky¢li, které mohou zptisobovat podobné symptomy s neurogennimi
klaudikacemi.

Vzacné muze jit o vendézni klaudikace po tromboze, klaudikace u myxedému pii

hypotyredze se snizenou schopnosti svalli zvysit metabolismus pii zatézi ¢i klaudikace

pri hluboké arteriovenozni pistéli.

Daéle je nutno zdlraznit, ze mnoho pacientii nedodrzuje zdravy zivotni styl, pficemz obezita,

koufeni, fyzicka inaktivita a Spatna kondice pfispivaji k intoleranci zatéze a vedou k

celkovému fyzickému dyskomfortu, coz zhorSuje i neurogenni klaudikace.

Tab.1.8.1. Diferencidlni diagnostika neurogennich a vaskularnich klaudikaci - modifikovano

podle Bednatika (Bednatik a Kadaiika, 2006)

neurogenni klaudikace

vaskularni klaudikace

Uleva sed, diep, predklon zastaventi, stoj

Chtize do kopce nebolestiva bolestiva

Chtize z kopce bolestiva (zvyraznéni lordozy) nebolestiva

Jizda na kole nebolestiva bolestiva

Vzdalenost, kterou|ménliva konstantni

nemocny ujde

Charakter bolesti paliva, kieCovita kieCovita

KozZni zmény vétSinou chybi Casto  pfitomny (dystrofie

nehti, bledost ¢i cyandza aker

DKK)

Pulzace na DKK

normalni

snizené nebo vymizelé
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S ohledem na to, Ze se LSS mulize manifestovat i bolestmi dolni ¢asti zad, kotfenovymi

bolestmi ¢i chronickym syndromem kaudy equiny, tak diferencialni diagnostika LSS zahrnuje

1 nasledujici onemocnéni (Bednatik a Kadanka, 2000; Barsa a Hickel, 2004):

Vyhiez meziobratlové ploténky, ktery je nejcastéjsi pfi¢inou kofenovych syndromi
v lumbosakralni oblasti. NejCastéji je hernie vetazi L5/S1, kranialné frekvence
vyhtezil klesa az k L1/2. Devadesat procent hernii v lumbalni oblasti postihuje kofeny
L4, L5, S1. Monoradikuldrni ¢i biradikularni syndromy jsou obvykle zplsobeny
posterolateralni (dorzolaterdlni) hernii, zatimco medidlni hernie castéji vedou
k oboustranné kompresi kofent az k syndromu kaudy equiny. Posterolateralni hernie
jsou nejcastejsi ve vysi L4/5 a L5/S1, zatimco vzacnéjsi foraminalni (lateralni) hernie
se nachazeji zejména ve vysi plotének L2/3 a L3/4.

Lumbalni adhezivni arachnoiditida, kterd se nejcastéji vyskytuje po operacich
patete, zejména opakovanych, dalsi pfi¢inou arachnoiditidy mtze byt prob¢hly zanét,
poranéni, aplikace steroidd a anestetik do durdlniho vaku. Toto postizeni se vétSinou
manifestuje bolestmi v bederni oblasti a kofenovym syndromem.

Spondylitida a spondylodiscitida — diagnéza je obvykle stanovena s prodlevou,
nebot’ choroba neni Casté, radiologické zmény jsou pozdni a klinické ptiznaky jsou
nékdy necharakteristické. Typické pro zanétlivé postizeni je zvySena télesna teplota az
febrilie, bolesti mimofadné intenzity, zejména nocni, neulevujici klidem na lizku,
Spatné reagujici na analgetika, vysokéa sedimentace erytrocytil a leukocytoza, zvysené
zanétlivé markery (napt. CRP). Manifestuje se lumbalgiemi, pokud se vytvofi absces,
muze dojit ke kompresivnimu kofenovému syndromu. Je nutno stale pomyslet 1 na
moznost tuberkulozni spondylitidy.

Spinadlni epiduralni absces — typickymi pfiznaky jsou bolesti patefe, Casto
mimofadné intenzity, a rozvoj slabosti dolnich koncetin. Byvaji pfitomny horecky,
leukocytéza, vysokd sedimentace erytrocyti a zvySené zanctlivé markery.
Predispozi¢nimi faktory pro rozvoj spindlniho epidurdlniho abscesu jsou
imunosuprese (uzivani kortikoidl, cytostatik, HIV infekce, diabetes mellitus),
spondylodiscitida, osteomyelitida, intravenozni aplikace narkotik, ptedchozi operacni
vykon na patefi ¢i invazivni diagnostiko-terapeutické vykony v oblasti patefe
(aplikace epiduralnich obstfikli, lumbalni punkce, perimyelografie), zanétlivé fokusy

v téle (zejména urologické, kozni, plicni).
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Intraspinalni nadory (tj. nddory uvnitf patefniho kanalu) zpisobuji méné nez 1 %
vSech epizod bolesti zad. Anatomicky se déli na intramedularni nadory vyrustajici
z michy véetné filum terminale a extramedularni nadory, délici se dale na intraduralni
(vyrtstajici zmening a miSnich kofenll) a extradurdlni (vyristajici z patete a
epiduralni tkang). Nejcastéjsi skupinou spinalnich tumorti jsou extraduralni nadory (55
%), které jsou lokalizovany v epidurdlnim prostoru patetniho kanalu ¢i uvnitt
v obratlovych télech. VétSinou se jednd o sekundarni naddorovy proces (metastazy),
pficemz az 70 % malignich nadorti metastazuje do pateie, nejcastéji jde o karcinom
prostaty, prsu, plic, ledvin, §titné Zlazy a tlustého stfeva ¢i lymfom. Témétr 70 %
metastdz se manifestuje pouze lokdlni bolesti bez dalSi neurologické symptomatiky.
Primarni patefni procesy jsou méné casté, piikladem je chordom, osteoidni osteom,
osteoblastom ¢i chondrosarkom. Zvlastni kategorii tvoii plazmocytom a mnohocetny
myelom. Intradurélni extrameduldrni neoplazmata jsou druhou nejpocetnéjsi skupinou
patefnich tumort (40 %) se zastoupenim meningeomu, neurofibromi ¢i lipomi;
relativné nejvzacnéjsi skupinu tvofi intramedularni tumory (5 %) =zahrnujici
astrocytom a jiné gliomy, ependymom, hemangioblastom, dermoid a teratom. Na
tumor6zni postizeni patefe myslime zejména, pokud je vanamnéze maligni
onemocnéni, je pritomen nevysvétlitelny vahovy ubytek, veék pod 20 let a nad 50 let,
jsou pritomny intenzivni bolesti véetné nocnich a klidovych bolesti Spatné reagujici na
analgetika.

Osteopordza byva piicinou lokalnich bolesti v kiiZi, pomyslime na ni zejména u Zen
po menopauze, ve vyssich vékovych skupinach (zejména vek nad 70 let), u imobilnich
pacientt, pii dlouhodobé kortikoterapii a u nékterych endokrinopatii.

Revmatologicka onemocnéni mohou vyvolat bolest v kiizi. Patfi sem naptiklad
ankylozujici spondylartritida (Bechtérevova choroba), revmatoidni artritida, Reitertiv
syndrom, psoriaticka artritida. Bolesti byvaji spise chronického razu.

Sakroiliakalni blokada vykazuje bolestivé a snizené pruzeni sakroiliakalniho spojeni
a pozitivni Patrickliv hyperabdukéni fenomén (za predpokladu normalniho nalezu na
kycelnim kloubu).

Spondylolistéza istmicka s lyzou je vyvojova porucha, postihuje nejcastéji obratel
L5, je jednou znejcastéjSich piicin bolesti v kiizi ve v€ku do 25 let, mlze se

manifestovat i kofenovym syndromem.
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Spinalni epiduralni lipomat6za se vyznacuje abnormalnim ukladanim tukové tkané
v epidurdlnim prostoru pateiniho kanalu, coz muze vést ke kompresi nervovych
struktur. Nahromadéni tuku v bedernim tseku patefe se tak mize manifestovat stejné
jako LSS. Suverénni diagnostickou metodou je magnetickd rezonance.

Synovialni cysta bederni patefe patii mezi méné Casté pficiny komprese v bedernim
useku patefe, jednd se o cystickou expanzi, kterd vychdzi ze synovidlni tkané
facetovych (intervertebralnich) kloubt. Vzhledem k pfedpokladané degenerativni
etiologii vzniku téchto cyst je pochopitelné, Ze je vzacné nachdzime u pacient pod 45
let, zpravidla se vyskytuji u osob nad 65 let véku. Popisuje se koincidence vyskytu
synovidalnich cyst pii revmatickych chorobach pojiva, ¢astéjsi vyskyt synovialnich cyst
je 1 u spondylolistéz. NejcCastejsi vyskyt je v segmentech snejvétSim rozsahem
pohybt, zejména v etdzi [4/5. Symptomatickd cysta se projevuje radikulopatii,
neurogennimi klaudikacemi ¢i pouze bolesti v zddech (Zeman et al., 2008). Zptesnéni
diagnostiky pfineslo MR vySetieni.

Afekce kycelniho kloubu muZze byt provdzena pienesenou bolesti v dermatomu L4
napodobujici pfislusny kofenovy syndrom. Odhali ji funkéni vySetfeni kycelniho
kloubu s omezenim pasivni hybnosti a bolesti, pozitivni je Patrickiv hyperabdukéni
test.

Pi'enesena bolest z vnitinich organii — onemocnéni vnitinich organd bficha se miize
projikovat do bederni a sakralni patefe. U téchto bolesti je typické, Ze jsou nezdvislé
na postaveni a pohybech patete, vétSinou chybi paravertebralni spazmy a dalsi reflexni
zmeény, patef je pii palpaci nebolestivd a zmirnéni bolesti nastupuje po 1é¢bé vnitiniho
organu. U nékterych ptipadi vS§ak mize byt diferencialni diagnostika svizelna, protoze
muze sekundarné dojit i k blokadam a rozvoji reflexnich zmén (tzv. viscerovertebralni
syndrom). V lumbosakralni oblasti je nutno odliSit pfenesené bolesti z
gastrointestinalnich organt, gynekologické a urologické choroby, postiZzeni aorty
(disekujici aneurysma biisni aorty).

Psychogenni (neorganické) pri¢iny — na bolesti v zadech si stézuji i nemocni
s depresemi, hysterii a simulaci. Na tuto pfi¢inu nas mize upozornit precitlivélost na
povrchové taktilni ¢i hluboké tlakové podnéty, pfehnand reakce na testovani (napf.
neadekvatni verbalizace obtizi, vyraz tvare) nebo pokud motoricky a senzitivni deficit

neodpovida anatomické distribuci.
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Epiduralni hematom - klinicky byva pfitomen obraz akutniho kofenového
syndromu. Ke spolehlivé detekci je nutnd MR (CT obraz je obtizné rozpoznatelny od
sekvestrujici hernie disku).

Lumbalni plexopatie — nejcastéji jde o diabetickou plexopatii, vzacnéjsi je
idiopatickd lumbalni plexopatie. Plexopatie mize byt zplisobena i kompresi nadorem
¢i postradiacné. Byvaji pfitomny intenzivni bolesti neostie lokalizované do oblasti
kycle a stehna, typicky na jeho pfedni plochu. Bolesti dolni ¢asti zad chybi nebo jsou
mirné. Algie byvaji stalé, klidové, nejsou provokovany pohybem patefie.
Mononeuropatie n. ischiadicus — pti¢inou byva operace kycle, komprese v komatu ¢i
pii operaci, trauma kycle a glutedlni krajiny, intraglutealni injekce. Asi u 25 % lézi
vSak pficina neni hned zfejma (infarkt nervu pii vaskulitidé, tromboza ilické artérie)
nebo zUstava neobjasnéna.

Mononeuropatie n. tibialis a n. peroneus necini obvykle potiZze v akutnim stadiu, ale
pouze ve stadiu chronickém, kdy dominuje paretické postizeni a je nutna diferenciace
oproti chronické radikulopatii po odeznéni bolesti.

Polyneuropatie zejména diabeticka - klinické odliSeni mezi lumbosakralnim
vicekofenovym postizenim (typickym pro LSS) a distalni axonalni symetrickou
polyneuropatii (typickou pro diabetes mellitus) mize byt nékdy obtizné. Typicky u
pacientl s diabetes mellitus potiZze nebyvaji zavislé na postufe a nezhorSuji se pfi
fyzické ndmaze jako u LSS, pacienti potize vétSinou vyraznéji pocituji v klidu a
v noci. Vyznamné misto v této diferencialni diagnostice ma vedle klinického obrazu 1

elektrofyziologické vySetient.
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1.9. ASOCIOVANE CHOROBY

Asociované choroby jsou ta onemocnéni, kterd se s LSS vyskytuji soucasné, a to Castéji nez

v bézné populaci. Asociované choroby casto zplsobuji problémy v diagnostice a diferencialni

diagnostice LSS, protoze svymi symptomy mohou ptekryt symptomy LSS, navic u jednoho

pacienta se soucasn¢ muze vyskytovat dve 1 vice takovych onemocnéni. Chybna nebo neuplna

diagnodza pak mize vést k netispéchu 1écby.

K asociovanym chorobdm s LSS patii:

1.

Ischemicka choroba dolnich konéetin s vyskytem cévnich klaudikaci. Tato asociace
je dana tim, ze ob€é nemoci se vyskytuji ve vyS§im veku. Diferencialni diagnostika
cévnich a neurogennich klaudikaci je podrobné popsana v kapitole ,,Diferencidlni
diagnostika LSS a neurogennich klaudikaci“. Né&kdy je obtizn€ urcit, zda za
pacientovy potize s chlizi odpovidaji vice neurogenni ¢i cévni klaudikace. Nezbytné je
doplnéni vysSetfeni arteridlniho syst¢ému DKK, a to klinické, sonografické, ptipadné
angiografické vySetent.

Koxartroéza, gonartroza. LSS byva asociovana s artrozou velkych kloubii na DKK. V
literatufe je udavana prevalence koxartrozy 7,4 % a gonartrozy 12,2 % u osob ve véku
60-90 let (Quintana et al., 2008). S v€kem vyskyt artrozy kycli a kolen signifikantné
stoupa. V nasem souboru 132 pacientl s klinicky manifestni LSS se symptomaticka
koxartréza vyskytovala u 39 % pacientil, gonartréza u 36 % pacientli, pficemZ oba
klouby (koxartroza i gonartrdza) byly postizeny u 23 % pacientd.

Diabeticka polyneuropatie. Prevalence znamych ptipada diabetes mellitus dosahuje
6 az 7 % u osob mezi 45. a 64. rokem véku, u osob nad 65 let se prevalence diabetu
pohybuje mezi 10 aZ 12 % (Roman a Harris, 1997). Skute¢na prevalence vSak bude
pravdépodobné daleko vyssi, protoze fada piipadi je dlouho nerozpoznanych.
Prevalence diabetické periferni neuropatie u pacientdl s diabetem je udavana okolo 50
%, z toho u 15-20 % je symptomaticka (Pop-Busui et al., 2009). Chronicka distalni
3/4 vSech diabetickych neuropatii (Ambler, 2004; Ambler, 2008). Z uvedené¢ho
vyplyva, ze diabeticka polyneuropatie je ¢asté onemocnéni ve vyssim véku. Klinické
odliSeni mezi lumbosakralnim vicekofenovym postizenim (typickym pro LSS) a

distadlni axondlni polyneuropatii (typickou pro diabetes mellitus) mize byt nckdy
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obtizné. Ob¢ nemoci se mohou projevit snizenou citlivosti a brnénim nohou, piicemz
klinicky odliSujici pfiznaky jako bolesti v zaddech, proximalni slabost, vyzafovani
bolesti z dolni ¢asti zad do dolnich koncetin mohou chybét (Berger et al., 1999). Za
této situace muze byt uzitecné EMG vySetteni, 1 kdyz 1 zde u obou onemocnéni miize
byt obraz nespecifickych abnormalit v kondukénich studiich i1 jehlové EMG.
Nejsilngjsi diskriminac¢ni hodnotu pro odliSeni LSS a diabetické polyneuropatie mayji
kondukéni studie z HKK (postizeni nachazime pouze u diabetické polyneuropatie),
piicemz pouze kombinace elektrofyziologickych parametrti je schopna spolehlivé
odlisit obé onemocnéni (Adamova 2003; Adamova et al., 2003).

Spondylogenni cervikalni myelopatie je onemocnéni kréni michy na podkladé
degenerativnich a proliferativnich zmén kréni patefe. Asociaci cervikdlni a lumbalni
stendzy oznacujeme jako tandemovou stenozu, kterd se klinicky vyznacuje tim, Ze
k symptomim zplsobenych lumbdélni spinalni stendzou se ptidavaji symptomy z
komprese kréni michy (spondylogenni cervikalni myelopatie) ¢i z kofenové komprese
(kréni radikulopatie), a vice versa. Klinicky obraz spondylogenni cervikalni
myelopatie je velmi pestry, zahrnuje poruchy chiize (chlize byvéa neobratna, nejista,
ataktickd), neobratnost rukou pii jemné motorice (clumsy hand), poruchy ¢iti na jedné
nebo nékolika koncetindch, bolest za krkem, smiSenou parézu na hornich koncetinach,
centrdlni parézu na dolnich koncetindch, sfinkterové potize, a pfi soucasné kompresi
mis$niho kofene se muze rozvinout kréni radikulopatie (Kadanka, 2010). Dagi a
spolupracovnici popisuji, Ze pro tandemovou stenézu je charakteristicka tridda
ptiznakili: neurogenni klaudikace, progresivni porucha chlize a kombinace myelopatie
a vicekofenového postizeni na hornich a dolnich koncetinach (Dagi et al., 1987).
Z vyse uvedeného vyplyva, Ze u jedinct s poruchami chlize a slabosti DKK pfi
souCasném vyskytu znamek postizeni horniho a dolniho motoneuronu na DKK je
nutno myslet na existenci tandemové stendzy a provést zobrazovaci vySetteni (nejlépe
magnetickou rezonanci) obou usekll patete. Tato skutecnost ma dopad i na lécbu,
protoze je nutno stanovit, ktery usek patefe je vyraznéji postizen a je ve vetsi mife
zodpovédny za potiZze pacienta, a tedy bude pfipadné operacné feSen. Nejsou znama
presna epidemiologicka data vyskytu tandemové stendzy, udavané udaje se velmi
rizni. Klinicky manifestni tandemova stendza se vyskytovala u 3,4 % pacienti, ktefi
prodélali operaci pro spindlni stenézu (Aydogan et al., 2007), jini autofi udavaji
vyskyt symptomatické tandemové stendézy u 5 % pacientll se spinalni stendzou

(Epstein et al., 1984). Vna$i pilotni studii jsme prokazali asociaci LSS a
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spondylogenni komprese kréni michy; spondylogenni komprese kréni michy byla na
MR prokazana u 84,6 % s LSS, pficemz klinicky manifestni spondylogenni cervikalni
myelopatie byla zaznamenéna u 16,7 % pacientl s LSS. Na asociaci stendzy v krénim
a bedernim useku pateiniho kanélu se podili zejména rozvoj degenerativni spondylézy

a diskopatie v obou usecich patete (Adamova et al., 2000).
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1.10. ELEKTRODIAGNOSTIKA LSS

Elektrodiagnostické vySetfeni u pacienti s LSS je zaméfeno na prikaz postizeni
lumbosakralnich kotenti (radikulopatie). Za nejptinosnéjsi vySetieni pii prikazu radikulopatie
je shodné povazovana elektromyografie (EMG), a to zejména jehlovd EMG. Daéle se v rizné
mife vyuziva vySetfeni somatosenzorickych a motorickych evokovanych potencidlti. Nazory
na vyznam evokovanych potencidlli v diagnostice LSS nejsou dosud jednotné. Prakticky
piinos evokovanych potencialti v této indikaci se jevi pomérné maly, 1 kdyz zpocatku byl
jejich vyznam piecenovan (Dvorak et al., 2000; Cho et al., 2010). Dle vysledka nasi vlastni
studie je vysetieni evokovanych potencidlt (MEP a SEP) diagnosticky pfinosné u pacienti s
normalnim EMG, protoZe sniZilo pocet negativnich elektrofyziologickych néalezli u pacienti s
klinicky symptomatickou LSS z 19 % na 13 % (Micankova Adamova a Vohanka, 2009).
Elektrofyziologické vySetteni u LSS je také pouzivano k vylouceni jiného periferné

neurogenniho postizeni (viz nize — diferencialni diagnostika) .

1.10.1. Elektromyografie

Senzitivni a motorické kondukéni studie

Senzitivni kondukéni studie z dolnich koncetin jsou u LSS vétSinou normalni, protoze
lokalizace 1éze je nejcastéji proximalné od dorzalniho spindlniho (senzitivniho) ganglia, jehoz
typické umisténi je v oblasti foramen intervertebrale. Pfi kofenovém postizeni vSak k poklesu
amplitudy SNAP (akéni potencial senzitivniho nervu) muze dojit, a to tehdy, pokud je
postiZeni lokalizovano v oblasti ganglia nebo distaln&ji. Tato situace muize nastat, pokud se
dorzalni ganglia nachézeji intraspindlné, takZe mohou byt postizena pii hernii disku ¢i
hypertrofii facetovych kloubt. Dale k tomuto nalezu mtze dojit pii extraforaminalni kompresi
kofene. Pfi posSkozeni senzitivniho ganglia dochédzi zejména k poklesu amplitudy SNAP;
senzitivni neurogram n. peroneus superficialis miize byt abnormdlni u radikulopatie LS5,
neurogram n. suralis u radikulopatie S1 (Levin, 1998). Pokud nalezneme abnormity

senzitivniho neurogramu, musime vyloucit polyneuropatii nebo mononeuropatii.
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Motorické kondukéni studie mohou byt u LSS rovnéz v normé. To plati zejména pii postizeni
pouze jednoho kotfene nebo v pfipadé chronické lumbosakralni radikulopatie s pomalou
progresi, kdy reinervace je v rovnovaze s denervaci. V ptipadé, ze postizeni axontl je vyrazné
nebo je postizeno vice kotenti, dochazi k poklesu amplitudy CMAP (sumacni svalovy akéni

potencial) piislusného nervu (Wilbourn a Aminoff, 1998).

Pozdni odpovédi

Vyznam v diagnostice radikulopatie ma i vySetfeni pozdnich odpovédi (H reflexu m. soleus a
F vIn). H reflex je velmi ptinosny v diagnostice radikulopatie S1, a to tim, Ze je hodné citlivy,
hodnoti senzitivni i motorickd vldkna kofene S1 a jeho abnormita je pfitomna od pocatku
vzniku radikulopatie. Braddom a spolupracovnici popsali, Ze abnormita H reflexu mize byt
senzitivnéj$i neZ jehlovda EMG pii stanoveni radikulopatie S1 (Braddom a Johnson, 1974 a).
Nevyhodou je, ze abnormita H reflexu m. soleus je nespecificka, ¢asto byva nevybavny
oboustranng, a to nejen u pacientl s polyneuropatii, ale i u zdravych osob nad 60 let véku
(Wilbourn, 1982). V literatuie neni jednotny ndzor na to, ktery parametr pfi hodnoceni H
cennéjsi pokles amplitudy H reflexu m. soleus (stranovy rozdil 50 % ¢i vice nebo nevybavna
odpovéd) (Wilbourn a Aminoff, 1998). Jini autofi uvadeji, Ze vyznamnégj$i pfi posuzovani
abnormit H reflexu je stranovy rozdil latence, za abnormalni povazuji rozdil vétsi nez 1 ms, u
osob nad 60 let pak vice nez 1,8 ms (Dumitru, 1989; Braddom a Johnson, 1974 b). Cho a
spolupracovnici ve své metaanalyze uvadéji, Ze H reflex m. soleus je pfinosny pro diagnostiku

radikulopatie S1 (kvalita ditkkazu - t¥ida II a III, sila doporuceni C) (Cho et al., 2010).

F vlna je pozdni odpovéd, kterd se vybavuje supramaximalnimi stimuly a je vyvoldna
antidromnim vedenim impulzu po motorickych vldknech, ktery ma za nésledek podrazdéni a
vyboj velkych alfa-motoneuronit v miSe. Vysetfenim F viny mtzeme posoudit motorické
vedeni celym axonem vcetné nejproximalnéjSich segmenti. Nejcastéji hodnocenymi
parametry jsou minimdlni latence, chronodisperze, perzistence a primérna latence. VySetieni
F vlny ma pii stanoveni radikulopatie nizkou senzitivitu, ¢asto je ndlez normalni a v pfipad¢,
ze je abnormalni, byva také pozitivni nalez v jehlové EMG (Dumitru, 1995; Aminoff, 1998).
V literatufe se uvadi, ze abnormalni F vlna se vyskytuje pouze u 15-18 % pacientl

s radikulopatii a jako izolovanid abnormita neni povazovana za dostatecnou pro stanoveni
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diagnozy radikulopatie (Fisher et al., 1979). Metaanalyza rovnéz potvrzuje nizkou senzitivitu
F viny n. peroneus a n. tibialis v diagnostice lumbosakralni radikulopatie (kvalita dikazu -

tiida II a III, sila doporuceni C) (Cho et al., 2010).

Jehlova elektromyografie

Jehlova EMG je nejstarsi elektrofyziologickd metoda uzivand pii vySetfeni pacientll
s podezienim na radikulopatii. VéEtSina autord uvadi, Ze je nejpiinosnéj$im vySetfenim, které
ma jednoznacné vyssi diagnosticky vyznam neZ jiné techniky (Aminoff, 1998; Kuruoglu et

al., 1994).

Je dilezité si vSak uvédomit, Ze jehlovd EMG hodnoti jen motorické kofeny. Pfi jehlové EMG
hodnotime nalezy ve dvou fazich: v klidu (inzer¢ni aktivita, spontanni aktivita) a pii volni
kontrakci (amplituda, pocet fazi, trvani a stabilita ak¢énich potenciali motorické jednotky,
jejich pocet a nabor). Nalez abnormni spontanni aktivity v distribuci nervového kotene je
povazovan za nejsenzitivnéjSi a nespolehlivéjsi prikaz lumbosakralni radikulopatie,
podminkou je vSak spravné nacasovani EMG (Johnson, 1988). Vyskyt abnormni spontdnni
aktivity postupuje od proximalnich k distalnim svaliim a obecné plati, Ze v paravertebralnich
svalech se objevuje za 6-7 dni od vzniku akutniho postizeni, v proximalnich svalech koncetin
za 3-4 tydny a v distalnich svalech koncetin za 5-6 tydnti od vzniku 1éze (Aminoft, 1998). Pro
dokonalé¢ zhodnoceni radikulopatie by mély byt vySetfeny svaly inervované jak zramus
posterior nervového kotfene (paravertebralni svaly), tak z ramus anterior (svaly koncetiny).

K potvrzeni radikulopatie by abnormity mély byt prokdzany ve dvou nebo vice svalech

inervovanych z daného koftene, ale z rliznych perifernich nervi.

Vysetteni jehlové EMG z paravertebralnich svalll (zvl. mm. multifides, které jsou inervované
monosegmentalng) je cenné; radikulopatie vSak nemtze byt vylou¢ena chybénim abnormni
spontanni aktivity v téchto svalech, stejné tak nemuize byt diagnostikovana pti izolovaném
vyskytu abnormni spontanni aktivity v téchto svalech. Opakované je v literatufe uvadéno, Ze
vySetfeni paraverebralnich svalli (mapovani lumbdlnich paravertebralnich svali) pomoci

jehlové EMG je pfinosné u pacientti s LSS (Haig et al., 2005; Yagci et al., 2009).

Jehlova EMG z dolnich koncetin i vySetfeni paraverebralnich svalti (mapovani lumbalnich

paravertebralnich svall) jsou tedy povazovany za ptinosné elektrodiagnostické metody pfi
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vysetieni pacientd se suspektni lumbosakralni radikulopatii (kvalita dikazu - tfida II, sila

doporuceni B) (Cho et al., 2010).

EMG nalezy u pacienta s LSS

U pacienttl s LSS mtze byt EMG nalez rozlicny. Nejcastéji (asi u 50 % nemocnych) se naléza
oboustrannd vice€etna lumbosakralni radikulopatie (postizeni kaudy equiny). Nélez je Casto
asymetricky, dominuje postizeni dolnich lumbosakralnich kotfenli, zejména kotfene Sl1.
V jehlové EMG prevladaji akéni potencidly motorické jednotky (MUAP) se znamkami
chronické reinervace a abnormni spontdnni aktivita je Casto omezena na distalni svaly
postizeného myotomu. Pfiblizn€ u 20 % pacientll se vyskytuji znamky monoradikulopatie,
vétdinou L5 nebo S1. U ¢&asti pacientii byvaji EMG abnormality neinstruktivni. Castd je
oboustrannd absence H reflexu m. soleus s normélnim senzitivnim neurogramem a normalni
jehlovou EMG z dolnich koncetin. Nékdy se vyskytuji fibrilace v jednom svalu z dolni
koncetiny, nejcastéji inervovaného z kofene S1. U nékterych pacientli mize byt EMG nalez

normalni (Wilbourn a Aminoff, 1998).

Zileli a spolupracovnici popisuji abnormalni nalezy v jehlové EMG a konduk¢nich studiich u
75 % pacientl s LSS, pfi elektrické stimulaci lumbosakralnich kotfenti prokazali patologii u 85

% pacientt (Zileli et al., 2002).

Ve vlastnim souboru pacientl s klinicky symptomatickou LSS byla prokézana radikulopatie
pomoci EMG (kondukéni studie doplnéné jehlovou EMG) u 70 % pacientii, pifevazovalo
vicekotfenové postizeni (46 % pacientll) nad monoradikularnim postizenim (24 % pacientt).
Postizeni kotene L4 bylo prokdzano u 37 % pacienti, kofene L5 u 52 % a kotene S1 u 51 %

pacientl s LSS (Micankova Adamova a Vohanka, 2009).

Interpretacnim problémem ziistava to, ze EMG nalezy u chronické oboustranné radikulopatie
S1 mohou byt obdobné jako u lehké ¢i stfedni axondlni polyneuropatie (Wilbourn a Aminof,
1998). U pacienti nad 60 let véku se n¢kdy nachdzi kombinace nalezli, ktera se muze

vyskytovat u obou onemocnéni:

1. oboustrannd nevybavnost H reflexu z m. soleus (pfi oboustranné radikulopatii SI,

polyneuropatii nebo pii pokrocilém véku),
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2. oboustranna nevybavnost senzitivniho neurogramu z dolnich koncetin (pf#i polyneuropatii ¢i

pokrocilém véku),

3. abnormni spontanni aktivita omezena na distalni svaly dolnich koncetin (u polyneuropatie i

radikulopatie),
4. hrani¢ni zpomaleni rychlosti motorického vedeni (polyneuropatie 1 radikulopatie),

5. normélni EMG ndlez pfi vySetfeni hornich koncetin (u t€z8i polyneuropatie je pak

abnormalni nalez na hornich koncetinach).

1.10.2. Somatosenzorické evokované potencialy

Snad Zadné elektrofyziologické vySetfeni si neziskalo tolik pozornosti a nevyvolalo tolik
polemik jako vySetfeni somatosenzorickych evokovanych potencialti (SEP) u radikularnich
1ézi. Teoretickd vyhoda vysetfeni SEP spociva v tom, ze hodnoti senzitivni ¢ast nervového
kotene v€etné preganglionarni ¢asti senzitivni drdhy, Ze patologie je pfitomna ihned po vzniku
radikulopatie a v abnormité¢ SEP se odrazi jak axondlni, tak i demyelinizani postiZeni.
Existuje vSak fada faktorti, které snizuji vyznam SEP; u lehké nebo stfedni radikulopatie
muze byt postizen maly pocet senzitivnich vlaken, coz ma za nésledek normalni nalez SEP.
Normativni data pro hodnoty latenci a amplitud jsou nejednotnd. U zdravych jedinct je
popisovan 50-75 % rozdil v amplitudé mezi jednotlivymi vySetfenimi stejného nervu,
podobné kolisd 1 stranovy rozdil, a navic 1 mala odchylka v technickém provedeni mize
zpusobit signifikantni zménu vysledku (Dumitru et al., 1993). Udava se az 65 % falesné
negativnich nalezii pfi vySetfeni SEP u pacientll s lumbalni radikulopatii (Dvorak, 1996;
Dvorak, 1998). V jinych studiich byl naopak prokéazan patologicky SEP n. tibialis u 61,5 %
respektive u 78 % pacientli s LSS (Leinonen et al., 2002; Egli et al., 2007). V nasi studii byl u
pacient s LSS hodnocen SEP n. tibialis, n. peroneus superficialis a n. suralis, pficemz
abnormalni nalezy se vyskytovaly u 59 % pacient (tzn. abnormita SEP pfi stimulaci alesponi
jednoho ze 3 vySetfenych nervil). Abnormalni SEP n. tibialis alespofi na jedné dolni koncetiné

byl u 47,1 % pacientl s LSS (Micankova Adamova a Vohanka, 2009).

Liu a spolupracovnici uvadéji, ze SEP pomahaji detekovat neurologicky deficit a odrazeji

subjektivni tizi senzitivniho postizeni u pacientd s LSS (Liu et al., 2009 a). Nicmén¢ jsou stale
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nedostatecné dikazy, abychom mohli udé€lat zavér o pfinosu SEP v diagnostice pacientl s

lumbosakralni radikulopatii (Cho et al., 2010).

U somatosenzorickych evokovanych potencialll se pouzivaji 3 druhy stimulace:
a. Stimulace smiseného nervu (napf. n. tibialis)

U pacientt s izolovanou kompresivni lumbosakralni kofenovou 1ézi je tento typ SEP vétSinou
normalni, protoze nerv obsahuje vlakna z n€kolika odlisnych segmentl. Diagnosticky vyznam

muze mit toto vySetfeni u vicecetného kotenového postizeni u LSS (Dumitru, 1989).

b. Stimulace kozniho nervu (segmentdlni stimulace; napf. n. peroneus superficialis a n.

suralis)

SEP ziskané timto typem stimulace jsou segmentalné specific¢téjsi. K vysetieni kofene LS se
pouziva stimulace n. peroneus superficialis, k vySetfeni kotfene S1 stimulace n. suralis,
nicméné n. peroneus superficialis zahrnuje vlakna LS5 1 S1, n. suralis vldkna S1, ale 1 L5 a S2.
Na zékladé¢ zhodnoceni tady provedenych studii se povazuje vyznam SEP ziskanych
segmentalni stimulaci pfi vySetfeni pacientil s podezfenim na lumbosakralni radikulopatii za

nejisty (Wilbourn a Aminoff, 1998).

c. Dermatomalni stimulace

Senzitivni vldkna, kterd jsou takto vySetfena, pochazi zjednoho nervového kotene.
Senzitivita a specificita dermatomdalnich SEPG nebyla jednozna¢né stanovena. Zpocatku se
tomuto vySetfeni pifikladal velky vyznam v diagnostice radikuldrniho postiZzeni, nicméné
kriti¢t€j$Sim zhodnocenim se ukazala fada nedostatkl. Problém je v tom, Ze chybi normativni
data a jasna kritéria pro abnormity. Pfinos tohoto typu vysetfeni mize byt zejména u pacientti
s typickou radikuldrni symptomatologii s dominujicimi senzitivnimi projevy a negativnim
EMG nélezem ¢i u pacientl s t¢Zkym a velmi ¢asnym kofenovym postizenim, kdy se jesté
nestacily rozvinout zmény v EMG obraze. Vyznam dermatomalnich SEP je dale popisovéan u
pacientli s vicekofenovym postizenim. Byla provedena studie, kde dermatomalni SEP byly
testovany ke zhodnoceni postizeni kofenti u pacientil s LSS. Bylo zjisténo, Ze tato technika

neni piinosna pii diagnostice izolovaného kofenového postizeni, ale mize mit vyznam u
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pacientll s LSS pro urceni rozsahu kofenového postizeni (Snowden et al., 1992). Rovnéz jini
autofi predpokladali, ze vyznam dermatomdlnich SEP bude pfi vySetfeni chronického,
vicekotenového postizeni (typické pro LSS), kde dochézi k chronické kompresi relativné
dlouhych segmentti dorzalnich kotent (Kraft, 1998). Vysettili 58 pacienti s LSS a prokazali
senzitivitu dermatomalnich SEP na urovni 78 % a vySetteni tedy povazovali za velmi uzite¢né
u pacientli s LSS. Nebyla vSak nalezena vzdy pfesna korelace mezi patologii dermatoméalniho
SEP a stenotickou Urovni na zobrazovacich metodach (nervové kofeny v lumbosakralni
oblasti jdou pies vice spinalnich segmentt za svého prubéhu kaudou equinou). Dermatomalni
SEP mohou rovnéz pomoci k urceni tize postizeni nervovych kofent u pacientli s LSS (Shen

et al., 2008).

1.10.3. Motorické evokované potencialy

Magneticka transkranialni a spindlni stimulace motorickych drah je povazovana za
bezbolestnou a bezpecnou neurofyziologickou techniku k vySetfeni centrdlni a periferni
motorické drahy (Dvorak et al., 1991). VysSetieni motorickych odpovédi ziskanych
transkranidlni mozkovou a paravertebralni kofenovou magnetickou stimulaci se jevi jako
senzitivni technika ke zhodnoceni postizeni nervového kotene (Bischoff et al., 1993). Vyhoda
vySetieni spociva v tom, Ze Ize detekovat poruchu motorické funkce nervového kotfene a na
zaklad¢ patologického vzorce MEP lze 1 lokalizovat misto komprese. Pfi aplikaci
magnetického impulzu nad patefnim kanalem dochazi ke stimulaci motorickych vlaken
v misté, kde kofenova vlakna opoustéji spinalni kanal (v oblasti foramen) (Epstein et al.,
1991). Pro interpretaci nalezii je nezbytné stanoveni centralntho (CMCT) a periferniho

(PMCT) motorického kondukéniho casu.
Pro uréeni centralniho motorického kondukéniho ¢asu (CMCT) se pouziva dvoji typ vypoctu:

1. Od kortikalni latence (latence ziskana ptfi stimulaci kortexu) se odecte periferni motoricky
kondukéni ¢as (spinélni latence, ktera se ziska pii paravertebralni stimulaci). Vysledkem je

parametr, ktery se oznacuje jako CMCT™,

2. Od kortikalni latence se odecte celkova periferni latence ziskana z vypoctu latence F viny.
Vysledkem je parametr, ktery se oznatuje CMCT'. Celkova periferni latence = (minimalni

latence F viny + DML - 1ms)/2 (Kimura, 1974).
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U pacienti s laterdlni kompresi nervového kofene nachdzime prodlouzeni spindlni latence
(periferni motoricky kondukéni €as), protoze k excitaci nervového kofene dochazi proximalné
od mista komprese. Naopak u pacientdl s medidlni kompresi kotfene (ptfed vstupem do
intervertebralniho kanalu) byva nejCastéjSim nalezem prolongace centralniho motorického
kondukéniho ¢asu (CMCTM). U nékterych pacienti miZe nastat kombinace medialni a
lateralni komprese nervového kofene a nachazime tedy prolongaci jak PMCT, tak i CMCT™

(Bischoff et al., 1993).

Pokud je ndlez prolongace CMCT™ zdéivodu medialni komprese nervového kofene,
nachazime vzdy normalni hodnotu latence CMCT" (prolongace CMCT™ je na podkladé
komprese proximalnich ¢asti nervového kotfene, neni zpiisobena postizenim kortikospinalni
drahy). CMCT™ totiz zahrnuje i kondukéni &as nejproximalngjsi &asti kofend ve spinalnim
kanalu k vystupu z intervertebralniho foramen. CMCT' zahrnuje pouze kondukéni &as

od motorického kortexu k pfednim rohtim miSnim.

V hodnoceni pfinosu MEP pro diagnostiku kofenové komprese nejsou vysledky jednotlivych
praci jednotné. Linden ve své praci hodnoti ptinos MEP a jehlové EMG u pacientl s akutni
radikulopatii L5, S1 (Linden a Berlit, 1995). Abnormalni nalezy jehlové EMG popisuje u 78,9
% pacientil, abnormalni MEP u 52,6 % pacientd. Prolongace CMCT nebo PMCT vzdy
pfesné¢ korelovala s mistem komprese (medidlni ¢i laterdlni postizeni kofene). VSichni

pacienti, kteti méli normalni ndlezy v jehlové EMG, méli 1 normalni MEP.

Nejveétsi vyznam pii hodnoceni vySetfeni magnetickou stimulaci ma latence, pfinos hodnoceni
amplitudy je povazovan za nejisty (Bischoff et al., 1993). Bischoff a spolupracovnici
prokézali vysoce signifikantni korelaci mezi oslabenim svalu a prolongaci latence pfi
magnetické stimulaci mozku a/nebo nervovych kofenli (24 z 26 pacientd s parézou mélo
abnormalni nalez pii vySetieni MEP), pfi¢emz nebyla zjisténa jasna korelace mezi tizi parézy
a prolongaci latenci MEP (PMCT a/nebo CMCT™). Dale byla nalezena signifikantni korelace
prodlouzenych latenci pfi magnetické stimulaci mozku ¢i nervovych kofenli s ndlezem
abnormni spontanni aktivity v cilovém svalu pii jehlové EMG (24 pacientli z 25 s abnormalni
jehlovou EMG mélo i abnormalni MEP). Autofi uvadé¢ji, ze neni velky rozdil v senzitivité

MEP a jehlové EMG pii hodnoceni nervové komprese.
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V jiné studii byly abnormélni hodnoty MEP prokazany u 65 % pacientt s LSS, pfi¢emz u 75
% pacientii bylo postizeni lokalizovano do oblasti proximalniho useku nervového kotene

(patologické CMCT™, normalni CMCT") (Dvorak et al., 1991).

V nasi studii abnormita MEP k m. abductor hallucis a/nebo k m. tibialis anterior byla

zachycena u 31 % pacientl s LSS ( Micankova Adamova a Vohanka, 2009).

Liu a spolupracovnici na zakladé provedené studie zahrnujicich 23 pacienti s LSS uzaviraji,
ze MEP jsou pifinosné v diagnostice LSS a odraZeji subjektivni tizi motorického postizeni

(Liu et al., 2009 b).

Klinicky vyznam MEP u pacienti s LSS je stale diskutabilni. FaleSn¢ negativni nélezy pii
vySetieni MEP u pacientd s lumbalni radikulopatii dosahuji az 75 % (Dvorak, 1996; Dvorak,
1998). Zdrojem chyb miize byt i skutecnost, Ze je obtizné touto technikou stimulovat nervové
kofeny supramaximalné. Cho a spolupracovnici ve své metaanalyze uvadéji, ze jsou stale
nedostate¢né diukazy, abychom mohli udé€lat zaveér o pfinosu MEP v diagnostice pacientl s

lumbosakralni radikulopatii (Cho et al., 2010).

1.10.4. PozatéZové vySetieni

Cilem pozatézového vySetieni v diagnostice LSS je prokazat, zda bezprostiedné po zatézi
chiizi dochazi ke zméndm elektrofyziologickych parametrti, které by mohly odrazet
ischemicky kondukéni blok vldken kaudy equiny. Predpoklada se, Ze tato relativni tranzitorni
ischémie kofenli kaudy equiny, ktera vznikd po zatézi chizi ¢i ortostdzou, je pii¢inou
neurogennich klaudikaci (Baramki et al., 1999; Pastor a Valls-Sole, 1998). Bolest pfii
neurogennich klaudikacich je vysvétlovana aktivaci receptorti bolesti ischémii a slabost je
vysvétlovana parcidlnim kondukénim blokem na urovni kofenti. K ndvratu zménénych
elektrofyziologickych parametrti k hodnotam pied zatézi dochézi za 7 az 30 minut (Pastor a
Valls-Sole, 1998; Kondo et al., 1989). Po zatézi chizi byly ve sudiich popsany zmény
nasledujicich elektrofyziologickych parametri na dolnich koncetindch: F vlna, H reflex m.

soleus, SEP a MEP.

F vlna po zatézi prokazovala bud’ nevybavnost ¢i prodlouzeni latence a chronodisperze
(Pastor a Valls-Sole, 1998; Manganotti et al., 1995; London a England, 1991). U zdravych lidi

po zatézi dochdzelo naopak k signifikantnimu poklesu chronodisperze F vin, coz je

53



zdivodinovano synchronizaci motoneuront, ktera je zplisobena centralnimi mechanizmy

(descendentni facilitace) (Manganotti et al., 1995).

Po zatézi chiizi u pacientd s neurogennimi klaudikacemi pfi LSS je popisovand zména
naboroveé kiivky H reflexu m. soleus. Pastor a spolupracovnik udéavaji, Ze u 70 % pacientl
doslo k tranzitornimu zvySeni prahové stimulacni intenzity pro H reflex z m. soleus vzhledem
k prahové intenzit¢ M viny, ktera se neliSila pfed a po zatézi. Autofi se domnivaji, Ze
vySetifeni H reflexu je pfinosnéjsi pro priikkaz abnormalni funkce vldken kaudy equiny nez je
tomu u F vlny, a to pro vétsi citlivost aferentnich Ia vlaken ke kompresi (dfive podléhaji
tranzitornimu konduk¢nimu bloku) ve srovnani s motorickymi vlakny (Pastor a Valls-Sole,

1998).

Po zatéZi je popisovana i zména latence pfi kortikalni stimulaci MEP a zména periferniho
motorického kondukéniho ¢asu. Baramki a spolupracovnici ve své studii popisuji, ze klinické
vysetieni bylo pozitivni u 30 % pacientit s LSS, MEP pted zatézi byly patologické u 66 %
pacientll, po zaté€zi pak u 76 % pacient. Autofi shrnuji, ze zatéz zvysuje senzitivitu MEP pfti

urceni funkéniho postizeni lumbosakralnich kofenti u LSS (Baramki et al., 1999).

Jini autofi hodnotili vliv klaudikaci na senzitivni drahy. Vysettili SEP u 37 pacienta s LSS a
popsali u 31 pacientd abnormalitu SEP (snizeni amplitudy a prolongace latence) po vzniku
NK. U 7 z 9 pacientt, kteti byli operovani pro LSS, po operaci jiz ke zméné SEP po zatézi

nedochazelo (Kondo et al., 1989).

Vlastni klinické zkuSenosti a nami provedené studie prokazuji, ze u pacienti s LSS dochazi
po zatéZzi chlzi ke zménam v elektrofyziologickych parametrech; dochazelo k prolongaci
minimalni latence tibialisové F viny a latence H reflexu m. soleus, ale tyto zmény byly
minimalni. Pozatézové elektrofyziologické vySetfeni tedy mize pfispét k vysvétleni
patofyziologie NK u LSS, ale z praktického hlediska ptinos tohoto vySetfeni v diferencialni
diagnostice LSS je omezen pro nemoznost stanoveni diskriminac¢nich (cut-off) hodnot pro

elektrofyziologické parametry (Adamova et al., 2005).

1.10.5. P¥inos elektrofyziologie
Ptinos elektrofyziologického vySetieni v diagnostice LSS 1ze shrnout do nasledujicich bodu:

a. Posouzeni funkéniho vyznamu anatomické 1éze
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Elektrofyziologické vySetfeni na rozdil od zobrazovacich technik, které detekuji strukturalni
zmeény, prokazuje funkéni abnormity. Studie hodnotici relativni diagnostickou senzitivitu
vySetfeni jsou slozité, protoze je obtizné stanovit standard, vaci kterému budou vySetfeni
posuzovéna (nej¢astéji je uzivdno porovnani s operacnimi nalezy, jejichz hodnoceni je vSak
rovnéz znacné subjektivni). Ve Ctyfech z péti studii mélo elektrofyziologické vySetfeni veétsi
vytéznost nez myelografie. Elektrofyziologické vySetieni bylo pozitivni u 73-94 % piipadd,
myelografie u 75-84 % (Wilbourn, 1982). Pomoci EMG muZeme urcit, které nervové kofeny

jsou postizené, ale nejsme schopni piesné urcit anatomickou lokalizaci.
b. Uziti pfi dlouhodobém sledovani radikulopatie — uréeni funkéni dynamiky procesu.

c. Urceni jiné periferné neurogenni léze (plexopatie, mononeuropatie, polyneuropatie), jejiz

symptomy se myln¢ ptisuzuji radikulopatii.

d. Odhaleni subklinické radikulopatie je cenné zejména u LSS, kdy elektrofyziologicky nalez
prokdze cCasto vicekofenové postizeni, pficemz v klinickém obraze dominuje postizeni

jednoho koftene.

e. Diagnostika radikulopatie u osob s komplikujicimi faktory (hysterie, simulace, postiZeni

horniho motoneuronu).
f. Odhad tiZe a akuity kofenového postiZeni.
g. Prognosticky vyznam EMG.

V nami provedené prospektivni observacni studii pacientll s lehkou a stfedni formou LSS
primarné lé€enych konzervativné jsme prokazali, Ze elektrofyziologické parametry predikuji
budouci klinicky vyvoj téchto pacientid. Pii analyze po 7 letech sledovani byla zjisténa
signifikantné¢ vysSi prevalence vicekofenového postizeni pii vstupnim EMG vySetfeni u
pacientll s nepfiznivym vyvojem ve srovnani s pacienty s uspokojivym vyvojem, pacienti s
nepfiznivym vyvojem dale méli Castéji oboustrannou abnormitu H reflexu m. soleus a jeho
niz§i primérnou amplitudu. Multivariantni logisticka regrese pak prokazala 2 parametry jako
vzajemné nezavislé prediktory nepfiznivého vyvoje: EMG znamky vicekofenového postizeni

a prumérnou amplitudu H reflexu m. soleus <2,8 mV (Micankova Adamova et al., 2012 b).

Po 12 letech sledovani téchto pacientii univariantni logisticka regrese prokazala jako prediktor
nepiiznivého objektivniho klinického vyvoje jeden elektrofyziologicky parametr, a to

oboustranné abnormalni H reflex m. soleus (Adamova et al., 2014). Lze tedy shrnout, ze u
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pacientll s LSS maji nekteré elektrofyziologické parametry prognostickou hodnotu, konkrétné

pfitomnost vicekotfenového postizeni pii EMG vySetfeni a abnormity H reflexu m. soleus.

1.10.6. Taktika elektrofyziologického vySetieni

Nejptinosnéjsim elektrofyziologickym vySetfenim v diagnostice LSS se jevi elektromyografie
(kondukéni studie doplnéné jehlovou EMG), kterd je zaméfena na prikaz ptitomnosti
radikulopatie. U pacientli s LSS doporucujeme provedeni podrobného EMG vysetieni z
dolnich koncetin se zaméfenim na nejcastéji postizené koteny L4, L5, S1, a to oboustranng,
abychom zachytili pfitomnost i piipadné subklinické radikulopatie. Toto podrobné vySetieni
nam pomahd pii sledovani dynamiky postizeni a pfi ureni rozsahu eventudlni operace
bederni patete, kdy je nutné stanovit etdz, resp. etdze bederni patete, ve kterych stenotické
zmény zpusobuji pacientovy obtize. Podrobné EMG vySetfeni (zvlasté jehlovda EMG) miize
byt pro pacienta nepifijemné a bolestivé, proto je nutné dobfe zndt anamnestickd data,
radiologicky 1 klinicky nélez, abychom mohli vySetfeni alesponl ¢astecné zacilit. Tyto udaje
nam pomohou v rozhodnuti, zda u daného pacienta napiiklad bude piinosné vySetfit
paravertebralni svaly, nebo na vySetfeni které¢ho kofene je vhodné se podrobnéji zaméfit. V
na$i laboratofi rutinné u pacientli s LSS provadime kompletni kondukéni studie z DKK
(motorické vedeni n. peroneus a n. tibialis, vySeteni F vin téchto nervli, H reflexu m. soleus,
senzitivniho neurogramu n. peroneus superficialis a n. suralis - vS§e oboustranné), jehlovou
EMG vySetfujeme standardné¢ z m. vastus lateralis, m. tibialis anterior a caput mediale m.
gastrocnemius, a to opét oboustranné. Dle klinického 1 ziskaného EMG nalezu dopliiujeme
vySetieni dalSich svalli. Obecné je mozno fici, Ze pacienti takovyto rozsah vySetieni dobie

toleruji.

Vysetieni motorickych a somatosenzorickych evokovanych potenciald u pacient s LSS
rutinn¢ neprovadime. Dopliiujeme je v piipadé nutnosti ziskani dalsich elektrofyziologickych
dat, a to napiiklad pokud je EMG negativni a klinicky mame podezieni na radikulopatii, nebo
pokud mohou mit tato vySetfeni pfinos v diferencialni diagnostice. Nejcastéji provadime
motorické evokované potencidly k m. abductor hallucis a k m. tibialis anterior,

somatosenzorické evokované potencialy n. tibialis, n. peroneus superficialis a n. suralis.
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1.10.7. Elektrofyziologie a diferencialni diagnostika

Elektrofyziologické vysetfeni u LSS je z diferencidlné diagnostického hlediska pouzivano
k vylou€eni jiného periferné neurogenniho postizeni (napf. plexopatie, mononeuropatie,
polyneuropatie), jehoz symptomy se mylné piisuzuji radikulopatii. V elektrofyziologické
praxi se Casto setkadvame s pozadavkem na odliSeni diabetické polyneuropatie od postizeni
kotenti pfi LSS. Klinické odliSeni lumbosakralniho vicekofenového postizeni (typické pro
LSS) a axondlni distalni polyneuropatie (typické pro diabetické pacienty) mlze byt obtizné.
Obé nemoci se Casto objevuji u starSich pacientii, mohou se projevovat horsi citlivosti a
mravencenim nohou a typické klinické ptiznaky pro LSS, jako je bolest v kiiZi, proximalni
slabost a iradiace bolesti do dolnich koncetin, mohou chybét (Berger et al., 1999).
Zobrazovaci vySetfeni tento problém rovnéZ nemusi vyteSit vzhledem k Casté pfitomnosti
degenerativnich zmén patefe 1 u asymptomatickych jedinct. Z elektrofyziologického
vysetieni je dle nasi studie nejspolehlivéjsi metodou k odliSeni téchto dvou nemoci vySetieni
hornich koncetin (postizeni nachazime pouze u diabetické polyneuropatie). U nemocnych
s leh¢i formou LSS piispiva k diagnostice 1 vySetieni dolnich koncetin, kdy u nemocnych
s diabetem vétSinou nachazime vyznamnéjsi prolongaci latenci F viny n. tibialis, H reflexu m.
soleus a spinalni latence MEP k m. abductor hallucis a niz8i amplitudu SNAP n. suralis
(Adamova et al., 2003). Nejlepsi diskriminacni efekt vSak vykazuje kanonické skore, které

zahrnuje nékolik elektrofyziologickych parametrti (Adamova, 2003).

Ptinosné je elektrofyziologické vySetfeni 1 pifi vyskytu komplikujicich faktorti, jako je

hysterie, simulace a postiZzeni hornitho motoneuronu.

V souhrnu Ize konstatovat, ze elektrofyziologické vysetfeni dopliiuje klinické neurologické
vySetieni, je vysoce specifické a vcelku senzitivni pro LSS, pomaha potvrdit klinickou
relevanci radiologicky suspektni LSS a je schopné detekovat neuromuskuldrni onemocnéni
napodobujici LSS (Haig et al., 2005, 2006 b, 2007; Egli et al., 2007; Kreiner et al., 2013).
Slozitd miiZze byt interpretace elektrofyziologického vySetfeni nervového kotfene pii vyskytu
takovych faktori, jako je pokrocily vek, polyneuropatie a prob&hla poliomyelitida (Wilbourn,
1982).
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1.11. PRUBEH A PROGNOZA LUMBALNI SPINALNI STENOZY

Lumbalni spindlni stendza je degenerativni onemocnéni, které se vyviji pomalu, neurologicky
deficit Casto neni velky, a proto je obvykle diagnostikovana u pacientl starSich 50 let. Diky
starnuti populace a zlepSovani diagnostickych moznosti se s LSS setkdvame stale castéji.
Vzhledem k tomu, ze efektivita chirurgického feseni u LSS je dosud kontroverzni a vysledky
operaci jsou relativné nepiedvidatelné, je diilezité, abychom pro rozhodnuti, jak u pacientl
budeme terapeuticky postupovat, dobfe znali pfirozeny vyvoj onemocnéni a prediktivni
faktory, které priitbéh choroby ovliviiuji.

Na rozdil od tady studii, které se zabyvaji chirurgickou lécbou, existuje jen nékolik studii
zabyvajicich se pfirozenym pribéhem onemocnéni. Velkym nedostatkem je, ze vétSina studii
je retrospektivni s metodickymi chybami a je obtizné je navzajem srovndvat. Na druhé strané
je nutno fici, Ze studie s problematikou LSS je obtizné provadét s ohledem na to, Ze se jedna o
star§i populaci pacientli s velkym podilem komorbidit a mortality. Vyskytuji se i etické
problémy, napiiklad neni etické randomizovat star§i pacienty slehkymi symptomy pro
operaci nebo pacienty s tézkou bolesti a vyraznym funkénim omezenim ke konzervativni
terapii (Benoist et al., 2000). DalSim problémem je, Ze pfirozeny prubéh LSS se obtizné
analyzuje, protoze bychom museli sledovat pacienty nelécené, coz rovnéz neni etické, vétSina
pacientl tedy dostava néjakou 1éCbu, ktera teoreticky mitize prabéh LSS ovliviiovat. Nicméné
lze pfedpokladat, Ze ptirozeny pribéh LSS ma velmi blizko k vyvoji onemocnéni u pacientti

lécenych konzervativné.

Piehled studii, které se zabyvaji pfirozenym prubéhem ¢i srovnavaji efekt konzervativni
versus operacni 1€cby u pacientii s LSS, je uveden v tabulce 1.11.1.

Vzhledem k tomu ze je v literatuie opakované zdliraziiovana potieba realizovat studie, které
hodnoti dlouhodoby pfirozeny priibéh onemocnéni, tak jsme provedli vlastni prospektivni
observacni studii, ktera hodnotila dlouhodoby vyvoj u 71 pacientt s lehkou a stfedni formou
LSS, kteti byli primarn¢€ 1é¢eni konzervativné. Po 7 letech sledovani byl uspokojivy vyvoj
(stejny nebo lepsi klinicky stav) prokazana u 60,7 % pacientii (Micankova Adamova et al.,
2012 b). Stejny soubor pacientll byl analyzovan pol2 letech sledovani, kdy uspokojivy
objektivni klinicky vyvoj (stejny ¢i zlepSeny klinicky stav) byl prokazan u 54,7 % pacientd,
uspokojivy subjektivni klinicky vyvoj (dle nazoru pacienta) byl zaznamenan u 43,4 %

pacientii (Adamova et al., 2014). Kromé& klinického ndlezu jsme posuzovali i
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elektrofyziologické a radiologické nalezy, které nevykazovaly statisticky signifikantni zmény

po 12 letech sledovani. Pokud jsme porovnali vyvoj u pacientll mezi 7. a 12. rokem sledovani,

tak jsme dosli k zavéru, ze 82,6 % pacientli mélo stejny trend klinického vyvoje (uspokojivy

¢1 neptiznivy). Souhrnné Ize konstatovat, ze dlouhodoby (horizont 7-12 let) uspokojivy vyvoj

byl prokdzan v nasi studii u 43-61 % pacientl s lehkou a stfedni formou LSS lécenych

konzervativné. Studie rovnéz potvrzuje domnénku, ze LSS je pomalu progresivni chronické

onemocnéni s dlouhodobou stabilitou (doloZenou klinicky, radiologicky i elektrofyziolo-

gicky).

NASS (North American Spine Society) ve svych ,,evidence-based klinickych doporucenich
uvadi nésledujici tvrzeni (NASS, 2011; Kreiner et al., 2013):

I.

Ptirozeny vyvoj LSS u pacientl s klinicky lehkou a sttedni formou LSS je pfiznivy u
jedné tietiny az jedné poloviny pacientli (konsenzus experti).

Konzervativni 1écba vede k dlouhodobému zlepsSeni (po dobu 2-10 let) u velkého
procenta pacientl s degenerativni LSS (sila doporuceni C). Zhruba u 20-40 % pacientti
s lehkou a stfedni formou LSS, kteti byli zpoc¢atku 1é€eni konzervativné a sledovani po
dobu 2 az 10 let, nakonec dojde k operacnimu feSeni. U téch pacientt, kteti nevyzaduji
chirurgickou intervenci, se zlepsi bolesti u 50-70 %.

U pacientt s lehkou formou LSS je doporucovana konzervativni 1écba (konsenzus
expertl). Konzervativni 1écba mlze byt zvazena u pacientl se stiedni formou LSS
(sila doporuceni C).

Operacni lécba vede k dlouhodobému (vice jak 4 roky) zlepSeni u pacientl
s degenerativni LSS a zlepSuje stav u velkého procenta pacientil (sila doporuceni C).
Operacni tfeSeni (dekomprese) je doporucovano u pacientd s LSS se stiednimi a
tézkymi symptomy (sila doporuceni B).

U pacienti slehkou a stfedni formou LSS je rychlé a dramatické zhorSeni
neurologického stavu vzacné (konsenzus expertil).

V literatufe nejsou dostatecné informace o pfirozeném vyvoji klinicky nebo
radiologicky tézké LSS — tito pacienti jsou povazovani za kandidaty opera¢niho feseni

(konsenzus expertit).

Z vyse uvedenych studii a doporuceni vyplyva, Ze pfirozeny prubéh onemocnéni je u vétSiny

pacientll pfiznivy a vétSinou neni spojen s vyrazngj$i progresi stavu. Znacna ¢ast pacientl

lécenych konzervativné se nezhorSuje a zstava nezménéna nebo se 1 zlepsi. Operacni feSeni
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LSS ma lepsi vysledky nez konzervativni terapie, nicméné rozdily v Gstupu bolesti a zlepSeni

funkéniho stavu se s délkou sledovani pacientli zmensuji. Operace provedena po netispéSném

konzervativnim postupu mé podobny vysledek jako u pacientt, kteti byli operovani diive.

Do budoucna by bylo cenné pro zhodnoceni piirozeného pribéhu LSS provést prospektivni

studie nelécenych pacientl se stiedni formou LSS. Tyto studie by mély zahrnovat stratifikaci

podle typu stendzy (centralni versus laterdlni), zhodnoceni progrese radiologického nalezu a

klinického postizeni v ¢ase. RovnéZz by bylo cenné zhodnotit pfirozeny vyvoj pacienti

s tézkou formou LSS, kteti nebyli 1é€eni (doporuceni NASS).

Tab.1.11.1. Studie hodnotici ptirozeny pritb¢h a efekt 1€cby u pacientti s LSS

Studie (nazev studie ¢i

autor)

Charakteristika

Vysledky, zavéry

Johnsson et al., 1991

retrospektivni studie,
celkem 63 pacientl (44
operovano, 19 konzervativni
1écba),

sledovani 3-4 roky

konzervativni 1é¢ba: 30 %
zlepSeno, 60 % beze zmény
operacni 1écba: 60 %
zlepSeno, 25 % zhorSeno

U operovanych pacientt se
signifikantné vice zlepsila
chiize ve srovnani

s konzervativné léCenymi

Johnsson et al., 1992

prospektivni studie,

32 pacientq,

hodnocen pfirozeny pribéh
LSS,

sledovani primérné 4 roky

ptirozeny prubéh:
70 % beze zmény
15 % zlepSeno

15 % zhorSeno

Maine Lumbar Spine Study
(Atlas et al., 1996; Atlas et
al., 2000; Atlas et al., 2005)

celkem 148 pacient,
hodnoti vysledky
konzervativni versus
operacni 1écby,
sledovani 8-10 let,

studie neni randomizovana

Kratkodobé (1 rok) a
sttednédobé (4 roky)
sledovani — operace ma lepsi
vysledky nez konzervativni
1é¢ba:

po 1 roce 75% operovanych

zlepseno a spokojeno, 40 %
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konzervativng lécenych
zlepseno.

po 4 letech 70% operovanych
zlepSeno, 63 % spokojeno,
konzervativné 1éceni: 52 %
zlepseno, 42 % spokojeno.
po 8-10 letech zlepSeno 53 %
operovanych, 50 %
konzervativné léCenych,
spokojeno 55 %
operovanych, 49 %
konzervativné léCenych.

U pacientl [é€enych
operacné se Casem hor$i
ptiznivy vysledek operace, u
pacientil konzervativné
lécenych vysledek ziistava

stejny nebo se i lepsi.

Amundsen et al., 2000

prospektivni studie,
celkem 100 pacientd,
randomizovano 31,

sledovani 10 let

Lepsi vysledek operacné
1é€enych ve srovnani

s konzervativng¢ 1é¢enymi po
4110 letech sledovani.
Konzervativni terapie ma
ptiznivy efekt u 2/3
nerandomizovanych pacientli
s lehkou aZ stfedni formou
LSS.

Nebyl rozdil v klinickém
vysledku mezi pacienty, ktefi
byli operovani na pocatku
studie, a témi, ktefi byli

operovani az po selhani
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konzervativni terapie.

Herno et. al., 1996 a

celkem 108 pacientl (54
operovano, 54 konzervativni
1écba)

sledovani 4 roky

neni statisticky signifikantni
rozdil v klinickém vysledku
operacné 1écenych a
konzervativné 1écenych

pacientt

Herno et al., 1996 b

retrospektivni studie,
celkem 91 neoperovanych
pacientd,

hodnocen pfirozeny pribeh,

sledovani 8+ 3 roky

Ptirozeny pribéh ptiznivy

Hurri et al., 1998

celkem 75 pacientt,

sledovani 12 let

nebyl signifikantni rozdil
mezi pacienty operovanymi a
lécenymi konzervativné,
vétSina konzervativné
1é€enych pacientt

nezménéna Ci zlepSena

Micankova Adamova et al.

2012 b;
Adamova et al. 2014

prospektivni studie,

71 pacientt s lehkou a
sttedni formou LSS lé€enych
konzervativng,

sledovani 12 let

Po 7 letech sledovani -
uspokojivy vyvoj (stejny
nebo lepsi klinicky stav) u 61

% pacientll.

Po 12 letech sledovani -
uspokojivy objektivni
klinicky vyvoj (stejny ¢i
zlepSeny klinicky stav) u 55
% pacientl, uspokojivy
subjektivni klinicky vyvoj
(dle nazoru pacienta) u 43 %

pacientu.

Malmivaara et al., 2007;
Slétis et al., 2011

celkem 94 pacientti

randomizovana studie (50

2 roky sledovani - zlepsili se

pacienti jak konzervativné
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operovano, 44 konzervativné

1é¢eno)

tak i operacné léceni,
vyraznéji vSak pacienti
operovani. Relativni benefit
operace se ¢asem snizoval,
ale pfesto vysledky operace
byly lepsi.

6 let sledovani — funk¢ni
schopnost (vyjadieno ODI)
zlepSena u obou skupin, vice
u operované, intenzita bolesti
ani schopnost chiize se
neliSila mezi obéma

lécenymi skupinami.

SPORT* study (Weinstein et
al., 2008; Weinstein et al.,
2010)

Celkem 654 pacientt, z toho

289 bylo randomizovéano

2 roky sledovani - pacienti
1éCeni operacné méli
vyrazng¢j$i funkeéni zlepSeni 1
ustup bolesti ve srovnani

s konzervativné léCenymi.

4 roky sledovani — pacienti
1éCeni operacné opét
prokazovali vyraznéjsi
zlepSeni ve srovnani

s pacienty léCenymi

konzervativné.

SPORT* — Spine Patient Outcomes Research Trial
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1.12. VOLBA TERAPIE U LSS

V soucasné dobé neexistuje jednotny pohled na 1écbu LSS, ktera by méla byt zaméfena na
zmirnéni symptomd, které omezuji aktivitu a ovliviiuji kvalitu Zivota nemocného. U pacienta
s LSS stojime pied rozhodnutim, zda zvolit konzervativni i operacni terapii. Bohuzel stale
vime relativné malo o efektivité 1écebnych postupl u LSS. VZdy musime zvazovat pfirozeny
pribéh proti aktualnimu riziku operace u star§iho nemocného, kterad je vzhledem k vys$§imu
véku a komorbiditdm zatizena vzdy vétSim rizikem neZ konzervativni péce (Benoist, 2002;
Siebert et al., 2009). Pii volbé lécebného postupu si musime uvédomit, ze efektivita
chirurgického teSeni u LSS je dosud kontroverzni a vysledky operaci jsou relativné
nepiedvidatelné. Systematicky ptehled v Cochranové databazi zroku 2008 uzavird svij
rozbor konstatovanim, ze zatim jsou omezené¢ dukazy pro podporu jakéhokoliv typu
operacniho postupu, a vyzyva k provedeni dalSich randomizovanych kontrolovanych studii

(Gibson a Waddell, 2008).

Dale budeme analyzovat fakta, kterd nds opraviiuji ke konzervativni a operacni 1é¢bé a na

zaver se pokusime dat doporucenti, jak postupovat u konkrétniho pacienta.

1.12.1. Zduvodnéni konzervativni terapie

Konzervativni (neoperacni) terapie ma nezastupitelné misto v 1écbé LSS a zahrnuje fadu
moznosti a postupl; soucasti konzervativniho pfistupu je medikamentézni 1écba
(farmakoterapie), lokdlni aplikace kortikosteroidii a anestetik, noSeni ortéz, cviceni a
pohybovy rezim, fyzikalni terapie, redukce hmotnosti a edukace pacientd. U pacientd s LSS
jsou predepisovany rizné typy 1€kl zejména za ucelem ulevy od bolesti. Léky jsou cenné pii
ovlivnéni symptom, neexistuje vSak dikaz, ze farmakologicka 1é€ba zméni dlouhodoby
pribéh LSS (Jayson, 2000). Dosud nebyla provedena studie, ktera by srovnavala vysledky u
pacientli konzervativné léCenych s pacienty nelé¢enymi (kontrolni skupina), tato studie narazi
na etické problémy (neléceni pacienti, u kterych by se hodnotil ptirozeny pribéh nemocnéni).
Casna konzervativni 16¢ba byva efektivni zejména pii potlateni bolesti a pomaha pfi postupné
adaptaci na chronické poskozeni nervovych kotenil.

Pti rozhodovani o 1é¢ebném postupu je velmi cenné znat ptrirozeny vyvoj onemocnéni. Lze
predpokladat, ze pfirozeny prubéh LSS ma velmi blizko k vyvoji onemocnéni u pacienti
lécenych konzervativné (vice v kapitole Pribéh a prognéza LSS). Nasledujici vysledky a

zavéry ze studii a jejich metaanalyz nas opraviiuji ke konzervativni 1é¢bé u pacientli s LSS
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(NASS, 2011; Kreiner et al., 2013; Benoist, 2002; Johnsson et al., 1991, 1992; Atlas et al.,
1996, 2000, 2005; Amundsen et al., 2000; Hurri et al., 1998; Simotas et al., 2000; Micankova
Adamova et al., 2012 b; Adamova et al., 2014; Malmivaara et al., 2007; Slitis et al., 2011;
Weinstein et al., 2008, 2010; Kovacs et al., 2011):
e LSS je degenerativni onemocnéni, které se vyviji pomalu a pro které je typicka
dlouhodoba klinicka stabilita postizeni.
e U pacientll slehkou a stfedni formou LSS se rychlé a dramatické zhorSovani
neurologického stavu vyskytuje vzacné, pfirozeny prubéh onemocnéni je piiznivy asi
u 30-50 % pacienti.
e Konzervativni 1écba vede k dlouhodobému zlepseni (po dobu 2-10 let) u velkého
procenta pacientl s degenerativni LSS.
e Vysledky chirurgické 1écby se zdsadné neliSi u pacientii operovanych az po selhdni
konzervativni 1écby a u pacientl operovanych dfive.
e Pocatecni lepsi vysledky operacni 1écby ve srovnani s konzervativni 1é¢bou se ¢asem

vytraceji.

1.12.2. Zdivodnéni operacni terapie

Nedilnou soucasti lécby degenerativniho onemocnéni bederni patefe a stim souvisejici
stendzy je operacni feSeni. Operacni lécba LSS je provaddéna za Ucelem dekomprese
nervovych a cévnich struktur, roz$ifeni pateiniho kanalu a poptipad¢é korekce instability a
deformity, tj. spondylolistézy a skoliézy. Operacni 1écba vétSinou spociva v posterolateralni
dekompresi doplnéné v indikovanych ptipadech fuzi s instrumentaci ¢i bez ni. Zakladem je
zasdhnout operacné diive, nez dojde k nevratnym parézam a neurologickym zméndm.
Spornym cilem operace je vSak zdbrana potencidlni progrese choroby.
Je k dispozici fada studii a metaanalyz, jejichz vysledky nas opraviiuji k operaci u pacientli
s LSS (NASS, 2011; Atlas et al., 1996, 2000, 2005; Amundsen et al., 2000; Malmivaara et
al., 2007; Slatis et al., 2011; Weinstein et al., 2008, 2010; Kovacs et al., 2011; Siebert et al.,
2009). Zavéry lze shrnout do nasledujicich bodii:

e Je prokédzano, ze dekompresivni operace zlepSuji stav u pacientii se stfednimi a

téZkymi symptomy LSS.
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e Piiznivy efekt operace je popisovan u 40-90 % pacientll (je zde zavislost na fad¢
faktorti jako typ dekomprese, délka sledovani pacientli, vék pacienti a pfitomnost
komorbidit).

e Operacni feSeni vykazuje lepsi vysledky nez konzervativni 1écba, a to pro parametry
bolest, disabilita a kvalita Zivota, nikoliv v§ak pro chizi.

e QOperacni lé€ba vede k dlouhodobému zlepSeni (vice jak 4 roky) u pacienti
s degenerativni LSS, ptficemz dobry nebo vyborny vysledek je popisovan u 50-79 %

pacientd.

U dekompresivnich operaci je vSak nutno pocitat 1 s komplikacemi, pficemz se udava, ze se
objevuji u 14-35 % pacientl. Jesté vyssi riziko komplikaci byva popisovéano u fize, ktera je
zakrokem invazivné&j$im nez dekomprese a je uzivana v piipadné instability.

Po operaci pro LSS urcité procento pacientti prodéla reoperaci pro zhorSeni stavu a opétovny
vyskyt stenozy. Pomér reoperaci nartstd s Casem, v literatufe jsou udavany nasledujici udaje:
1,3-2 % do 1 roku, 6-11 % do 2 let, 15 % do 4 let a 23 % do 10 let (Atlas et al., 2005; Kovasc
etal., 2011).

V nasi studii béhem 12-let¢ho sledovani 13,2 % pacient s LSS prodélalo operaci pro selhani
konzervativni terapie (Adamova et al., 2014), coz je mén¢ nez v jinych studiich, kde se udava,
ze 36-39 % konzervativné léCenych pacientdi podstoupi operaci pii sledovani 10 let
(Amundsen et al., 2000; Atlas et al., 2005). NiZ8i procento operovanych pacientll v nasi studii
1ze vysvétlit 1 moznou vySsi motivaci pacientli pro konzervativni terapii, protoze vySetiujici
1ékat byl neurolog a nikoliv spindlni chirurg. Z operovanych pacientll v nasi studii 42,8 %

podstoupilo béhem 12 let i druhou operaci bederni patete pro zhorSeni symptom?.

1.12.3. Prediktory vyvoje

Velmi cenné je stanoveni prediktord ispéchu ¢i selhani konzervativni a operaéni 1écby, které
napomaha pfi vybéru optimalni terapie. Bohuzel jednotlivé studie se znacné lisi ve
stanovenych prediktorech. Rada studii se zabyva prediktory pooperaéniho klinického stavu
(Aalto et al., 2006; Athiviraham et al., 2011; Katz et al., 1995; Sigmundsson et al., 2012),
prediktory konzervativni 1écby ¢i pfirozeného vyvoje jsou analyzovany jen v nékolika
studiich (Micankova Adamova et al., 2012 b; Adamova et al., 2014; Amundsen et al., 2000;
Atlas et al., 2000; Simotas et al., 2000; Hurri et al., 1998; Haig et al., 2006 a). V ramci studie
SPORT (Spine Patient Outcomes Research Trial) byla provedena rozsahla analyza faktort
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ovliviiujici vysledek operace za ucelem vytipovani pacientt, ktefi se zlepsi vice po operaci ve
srovnani s konzervativni 1écbou. Bylo zjiSténo, ze vstupni Oswestry index mensi nez 56,
nekufactvi, pifitomnost neuroforamindlni stendzy, prevazujici bolest v dolni konceting,
nezvedani bfemen v praci a piitomnost vstupniho neurologického deficitu predikuji véEtsi
1écebny efekt operace u pacientt s LSS (Pearson et al., 2012).

Dalsi vysledky studii ukazuji, ze pacienti s tézkymi symptomy na pocatku, s blokovou
stendzou a spondylolistézou maji tendenci ke zhorSovani postupem casu a vétSinou vyzaduji
chirurgickou dekompresi. Mezi faktory, které¢ predikuji uspésny vysledek chirurgické 1écby,
patii mlady vek, vyssi prijmy, absence sfinkterové dysfunkce, kratsi trvani potizi, pfitomnost
vyrazné centralni stendzy a mald komorbidita. Hor$i vysledek chirurgické 1écby predikuje
pfitomnost deprese, obezity, vyssi funkéni disability, vétsi kardiovaskularni komorbidita a
pritomnost skoliozy. Pocet komorbidit méa rovnéz neptiznivy vliv na vysledek konzervativni
lécby.

Atlas a kolektiv popsali faktory predikujici vysledek chirurgicky i konzervativné 1écenych
pacientl. Nezavislymi prediktory spokojenosti po 4 letech byly unilateradlni symptomy na
dolni koncetiné a méné nez 1 rok od prvni navstévy l€kare pro néjakou epizodu bolesti.
Naopak, bolesti zad vétsi neZ bolesti v dolnich koncetindch a horsi funkéni stav byly spojeny
s poklesem spokojenosti (Atlas et al., 2000).

Dalsi studie, které¢ hodnotili prediktory konzervativni terapie, piinesly tato zjiSténi:
radiologicka tize sten6zy predikuje neptiznivy vyvoj (Hurri et al., 1998), pacienti s vyrazné;si
skolibzou maji horsi prognoézu (Simotas et al., 2000), horsi vysledek predikuje pfitomnost
bolesti, funk¢ni disabilita a potize se spAnkem (Haig et al., 2006 a). Naproti tomu Amundsen a
spolupracovnici nenasli Zadné klinické ¢i radiologické prediktory vyvoje u pacientli s LSS
1é¢enych konzervativné (Amundsen et al., 2000).

V nami provedené studii po 7 letech sledovani bylo prokazano, ze prognostickou hodnotu u
pacienti s LSS maji elektrofyziologické parametry, konkrétné piitomnost vicekofenového
postizeni pii EMG vySetfeni a abnormity H-reflexu m. soleus, které predikovaly progresi
klinického stavu u pacientd slehkou a stfedni formou LSS Ilécenych konzervativné
(Micankova Adamova et al., 2012 b). Pfi analyze po 12 letech sledovani bylo zjisténo, ze
nezéavislym prediktorem neptiznivého klinického vyvoje je nejmensi transverzalni rozmér
patetniho kanalu v bederni oblasti, pfi¢emz optimalni diskrimina¢ni (cut-off) hodnota je 13,6

mm (senzitivita je 75,0 % a specificita je 65,5 %) (Adamova et al., 2014).
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1.12.4. Jak postupovat u pacienta?

Z vyse uvedeného vyplyva, Ze u pacienti s LSS ma své nezastupitelné misto v 1écbé jak
operace, tak i1 konzervativni postup. Dosud nejsou stanovena jednoznac¢na kritéria pro volbu
optimalniho postupu. Pokusili jsme se vytvofit vlastni orientacni doporuceni, které vychazi
z vysledki citovanych studii s pfihlédnutim 1 k nasi dlouhodobé zkuSenosti s 1é¢bou pacientil
s touto chorobou.

Pti rozhodovani o vybéru terapeutického postupu pro konkrétniho pacienta je nutno zohlednit
vice faktorl, a to v€k pacienta, jeho celkovy zdravotni stav a zn¢ho vyplyvajici rizika
operace, pacientovy preference pii vybéru terapie a jeho ocekavani od 1écby a v neposledni
fadé je nutné stanovit tizi lumbdélni spindlni stendzy. Posouzeni tize LSS je popsdno
v samostatné kapitole ,,Hodnotici Skaly a vySetfeni na mechanickém chodniku®. Zhodnoceni
tize LSS by mélo vychazet ze stupné klinického postizeni a jeho dopadu na disabilitu
pacienta, nemélo by vychazet z posuzovani tize radiologickych zmén, protoze je znamo, Ze
radiologické nalezy nemusi korelovat s tiZi klinického postizeni. Dale musime mit jistotu, Ze
klinické obtize pacienta koreluji s morfologickym nalezem.

U pacientd s lehkou formou LSS volime konzervativni postup. U pacientd se stfedni formou
LSS doporucujeme v prvni fazi konzervativni postup, pfi jeho netspéchu (zhruba po dobé 3-
6 meésicll) a progresi potizi pak zvazujeme operacni lécbu. Operacni feSeni je indikovano u
pacientil s té¢Zkou formou LSS a déle u téch, kde se rozvinul syndrom kaudy equiny ¢i jsou
pfitomny progredujici parézy. Naopak u pacientli vysokého véku s ¢etnymi komorbiditami se
piiklanime ke konzervativnimu postupu (obrazek 1.12.1.). Pacienty s LSS doporucujeme
pravidelné sledovat (z vlastni zkuSenosti se jevi dostatecné kontroly s odstupem 6 mésica,
pokud dojde k vyraznéjSimu zhorSeni stavu, tak je indikovana kontrola dfive) a terapeuticky

postup prehodnocovat (Adamova a Voharka, 2014).
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Obr.1.12.1. Algoritmus volby terapeutického postupu u pacientli s lumbalni spinalni stendzou
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2.2. VLASTNI KOMENTOVANE PRACE

1. Micankova Adamova B, Hnojcikova M, Vohaiika S, Dusek L. Oswestry dotaznik,
verze 2.1a — vysledky u pacientll s lumbalni spinalni sten6zou, srovnani se starsi verzi

dotazniku. Cesk Slov Neurol N 2012; 75/108(4): 460-467. (IF 0,372)

Oswestry dotaznik (Oswestry Disability Index — ODI) hodnoti omezeni béznych dennich
aktivit bolesti dolni Casti zad, kvantifikuje subjektivni potize pacienta a vyjadiuje miru
disability.

Cilem prace bylo upozornit na existenci nové Ceské verze Oswestry dotazniku (ODI verze
otestovat ji na pacientech s lumbalni spindlni sten6zou a prokéazat piinos ODI pii posouzeni
disability u téchto pacienti.

Obé¢ verze ODI (verze 1.0 1 2.1a) byly testovany u pacientli s lumbalni spinélni sten6zou (69
pacientl) a u zdravych dobrovolnikii (63 kontrol).

Prokazali jsme, ze obé verze Oswestry dotazniku jsou plné¢ kompatibilni a vzijemné
zaménitelné, nebyl nalezen statisticky signifikantni rozdil pfi srovnani obou verzi u skupiny
pacientll s LSS ani u skupiny zdravych kontrol, a to ve vSech v€kovych kategoriich. Vysledné
skore ODI se signifikantné liSilo u zdravych dobrovolnikii a pacientd s LSS.

Hlavnim pfinosem prace je zjiSténi, Ze nova Ceska verze Oswestry dotazniku (2.1a) je plné
zaménitelna se starsi verzi ODI a pro dosaZzeni jednotnosti by méla byt pouzivdna. Dale byl
prokazan ptinos tohoto dotazniku u pacientti s LSS pii posouzeni jejich disability.

Dle naSich védomosti se jedna o prvni studii detailné¢ analyzujici obé ceské verze Oswestry

dotazniku (verze 1.0 a 2.1a).

Kvantitativni a obsahovy autorsky podil uchazece: 70 %, sbér dat, analyza a interpretace dat,

sepsani prace.
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2. Micankova Adamova B, Vohanka S, Hnojcikova M, Dusek L, Bednarik J.
Neurological impairment score in lumbar spinal stenosis. Eur Spine J 2013; 22(8):

1897-1906. (IF 2,473)

Prace pojednavd o novém skore sndzvem ,skore neurologického postizeni u lumbalni
spinalni stenozy* (neurological impairment score in lumbar spinal stenosis (NIS-LSS)), které
jsme vytvofili pro hodnoceni neurologického nalezu na dolnich koncetindich u pacientil
s lumbalni spinalni stendzou, protoZze dosud neexistovalo vSeobecné uznivané skore
posuzujici tento nalez.

Byla provedena validace NIS-LSS za ucelem zavedeni tohoto skére do bézného hodnoceni
pacientl s LSS.

Skore hodnoti Slachookosticové reflexy, taktilni €iti, vibracni €iti, ptitomnost paréz na dolnich
koncetindch a dale schopnost chlize a béhu. Vysledek skore miize nabyvat hodnot od 0 do 33
bodili, pficemz plny pocet bodli znamend zcela normdlni neurologicky nalez na dolnich
koncetinach, 0 bodl pak uplnou neschopnost samostatné lokomoce. NIS-LSS bylo vySetieno
u 117 pacientti s LSS a u skupiny 63 zdravych dobrovolnikii. Byla hodnocena schopnost skore
odlisit pacienty s LSS od kontrol a dale korelace skore s Oswestry dotaznikem (ODI).

V praci jsme prokézali, Ze NIS-LSS je jednoduché skoére hodnotici neurologické postizeni
dolnich koncetin u pacientli s LSS, které s vysokou senzitivitou i specificitou odliSuje
pacienty od zdravych kontrol a které velmi dobie koreluje s disabilitou pacientli. Jeho ptinos
a vyuziti vidime zejména pii dlouhodobém sledovani a hodnoceni efektu 1é€by pacientl s
LSS.

Hlavnim pfinosem prace je vytvofeni nového jednoduchého skoére pro pacienty s LSS a

ovéfeni jeho vyuzitelnosti v bézné praxi.

Kvantitativni a obsahovy autorsky podil uchazece: 65 %, sbér dat, analyza a interpretace dat,

sepsani prdce.
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3. Micankova Adamovéa B, Vohanka S. Kvantifikace postizeni u pacientl s lumbalni

spinalni sten6zou. Cesk Slov Neurol N 2013; 76/109(5): 570-574. (IF 0,159).

Jedna se o prehledny referat, ktery se zabyva problematikou kvantifikace postizeni u pacientii
s lumbalni spinalni stendzou.

V ¢lanku jsou uvedeny nejéastéji vyuzivané dotazniky, méteni a Skaly pii hodnoceni pacientii
s LSS, pficemz podrobnéji jsou probrany ty, které sami bézné vyuzivame v klinické praxi u
téchto pacientii. Mezi né patii vizualni analogova Skala bolesti ¢i numericka Skdla intenzity
bolesti, skore neurologického postizeni u lumbalni spinalni stendzy, Oswestry dotaznik,
zhodnoceni uslé vzdalenosti na mechanickém chodniku.

V soucasné dobé¢ neexistuji jednotna a vSeobecné uzndvana kritéria pro stanoveni tize LSS.
Proto navrhujeme kritéria pro posouzeni tize LSS, ktera vychéazi ze zhodnoceni bolesti
pomoci numerické Skaly intenzity bolesti, disability pomoci Oswestry dotazniku a uslé
vzdalenosti hodnocené na mechanickém chodniku. Na zaklad€ stanoveni tize LSS pak
navrhujeme vybér optimalniho 1é€ebného postupu (konzervativni ¢i operacni terapie).

Za hlavni pfinos prace povazujeme navrh kritérii pro urceni tize LSS a z tohoto plynouci

orientacni vyber 1écebného postupu.

Kvantitativni a obsahovy autorsky podil uchazece: 85 %, analyza dostupné literatury, sepsani

prace.
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4. Adamova B, Vohanka S. Lumbalni spinalni sten6za — operovat ¢i neoperovat? Neurol.

praxi. In press 2014.

Jedna se o prehledovy Clanek, ktery se zabyva volbou terapeutického postupu u pacienti
s LSS. Pfi 1é¢bé pacientii madme na vybér ze dvou moznosti — konzervativni postup a operace.
V soudasné dob& neexistuje jednotny pohled na 1é¢bu LSS. Clanek shrnuje argumenty pro i
proti obéma lécebnym postupiim, seznamuje s prediktory vyvoje a na zaver je sestaveno
vlastni orientacni doporuceni pro volbu terapeutického postupu u pacienta s LSS.

Ptinosem tohoto Clanku je zeyjména to, ze podava prakticky navod, jak postupovat pii volbé
terapie u konkrétniho pacienta. Seznamuje s hlavnimi faktory, které musime zohlednit: v€k
pacienta, jeho celkovy zdravotni stav a zn¢ho vyplyvajici rizika operace, pacientovy
preference pii vybéru terapie a jeho oCekavani od 1écby a v neposledni fad€ je nutné stanovit
tizi lumbalni spinalni stendzy. Jsou zde navrzena kritéria pro stanoveni tize lumbalni spinalni
stendzy. Na zavér je uveden nami navrzeny algoritmus volby terapeutického postupu u

pacientl s lumbalni spinalni stenézou.

Kvantitativni a obsahovy autorsky podil uchazece: 80 %, analyza dostupné literatury, sepsani

prace.

87



5. Micankova Adamova B, Vohanka S, Dusek L, Jarkovsky J, Bednarik J. Prediction of
long-term clinical outcome in patients with lumbar spinal stenosis. Eur Spine J 2012;

21(12): 2611-2619. (IF 2,133)

6. Adamova B, Vohanka S, Dusek L, Jarkovsky J, Chaloupka R, Bednarik J. Outcomes and
their predictors in lumbar spinal stenosis: a 12-year follow-up. Eur Spine J 2014. DOI
10.1007/s00586-014-3411-y. (IF 2,473)

Prace obsahuji vysledky nami provedené prospektivni observaéni studie, kterd se zabyvala
dlouhodobym vyvojem a jeho prediktory u pacientii s lehkou a sttedni formou LSS 1é¢enych
konzervativné.

Pro studii bylo vybrano celkem 71 pacienti zcelkového poctu 151 pacientl s klinicky
symptomatickou LSS dlouhodobé 1é¢enych a sledovanych na nasi klinice.

V prvni zminéné praci jsou publikovana data ziskana po 7 letech sledovani, kdy bylo
vysetieno celkem 56 pacientii. Uspokojivy klinicky vyvoj (stejny ¢i zlepSeny klinicky stav)
vykazovalo 60,7 % pacientli, neptiznivy vyvoj 39,3 % pacientli. Byla analyzovana ftada
demografickych, klinickych, radiologickych a elektrofyziologickych vstupnich parametrti a
hodnoceno, zda predikuji dalsi klinicky vyvoj.

Hodnocené demografické, klinické a radiologické parametry nepredikovaly klinicky vyvoj,
naproti tomu nékteré elektrofyziologické parametry byly signifikantné asociovany s
nepfiznivym vyvoje. Byla zjiSténa signifikantné vyssi prevalence vicekofenového postizeni
pii EMG vysetfeni u pacientll s nepfiznivym vyvojem ve srovnani s pacienty s uspokojivym
vyvojem, pacienti s neptiznivym vyvojem dale méli ¢astéji oboustrannou abnormitu H reflexu
m. soleus a jeho niZ§i primérnou amplitudu. Multivariantni logistickd regrese pak prokazala 2
parametry jako vzajemné nezavislé prediktory nepfiznivého vyvoje: EMG znamky
vicekofenového postizeni (OR = 3,72) a primérnou amplitudu H reflexu m. soleus <2,8 mV
(OR = 2,87).

Druha prace hodnoti data ziskana po 12 letech sledovani, kdy bylo vySetfeno klinicky 53
pacientii. Byl hodnocen objektivni a subjektivni klinicky vyvoj a jeho prediktory, dale
korelace subjektivniho a objektivniho vyvoje, vyvoj radiologickych a elektrofyziologickych
parametri po 12 letech a srovnavan objektivni klinicky vyvoj po 7 a 12 letech sledovani.
Uspokojivy objektivni klinicky vyvoj (stejny ¢i zlepSeny klinicky stav) byl prokazan u 54,7 %
pacienttl, uspokojivy subjektivni klinicky vyvoj (dle ndzoru pacienta) byl zaznamenén u 43,4

% pacientll. Nebyla nalezena statisticky signifikantni korelace mezi objektivnim a
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subjektivnim klinickym vyvojem. Pacienti s pouze nepfiznivym subjektivnim vyvojem
prokazovali nejvyssi hodnoty indexu komorbidit, 1ze tedy konstatovat, ze pocet komorbidit
véetné psychiatrickych onemocnéni ma nepiiznivy efekt na subjektivni hodnoceni klinického
vyvoje.

Elektrofyziologické a radiologické nalezy nevykazovaly statisticky signifikantni zmény po 12
letech sledovani. Pokud jsme porovnali vyvoj u pacientii mezi 7. a 12. rokem sledovéni, tak
jsme dosli k zavéru, Ze 82,6 % pacientli m¢lo stejny trend klinického vyvoje (uspokojivy ¢i
neptiznivy). Univariantni logistickd regrese prokazala dva parametry coby prediktory
neptiznivého objektivniho klinického vyvoje: oboustranné abnormélni H reflex m. soleus a
nejmensi transverzalni rozmér patetniho kanalu. Pfi vicerozmérné adjustaci byl potvrzen
pouze nejmensi transverzalni rozmér pateiniho kandlu < 13,6 mm jako nezévisly prediktor
neptiznivého klinického vyvoje (OR = 5,51).

Souhrnné 1ze konstatovat, Ze dlouhodoby (horizont 7-12 let) uspokojivy vyvoj byl prokazan
v nasi studii u 43-61 % pacientii s lehkou a stfedni formou LSS lécenych konzervativné.
Studie rovnéz potvrzuje domnénku, ze LSS je pomalu progresivni chronické onemocnéni
s dlouhodobou stabilitou (dolozenou klinicky, radiologicky i elektrofyziologicky).
Prognostickou hodnotu u pacientd s LSS maji nékteré elektrofyziologické parametry,
konkrétné ptitomnost vicekofenového postizeni pfi EMG vySetfeni a abnormity H reflexu m.
soleus, a radiologicky parametr (nejmensi transverzalni rozmér patetniho kanalu v bederni
oblasti).

Hlavnim pfinosem této studie je dlouhodobé (12 let) prospektivni komplexni (klinické,
elektrofyziologické a radiologické) sledovani pacientd s lehkou a stfedni formou LSS, které
dosud nebylo nikym provedeno. Cenné je rovnéZ stanoveni prediktor klinického vyvoje u

konzervativné lé€enych pacientt, které dosud byly analyzovéany jen v n€kolika méalo studiich.

Kvantitativni a obsahovy autorsky podil uchazece (pro obé prace): 70 %, sber dat, analyza a

interpretace dat, sepsani prdce.
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7. Adamova B, Vohanka S, Dusek L. Differential diagnostics in patients with mild
lumbar spinal stenosis: the contributions and limits of various tests. Eur Spine J 2003;

12(2): 190-196. (IF 1,527)

Prace hodnoti pfinos a omezeni riznych testi (zejména elektrofyziologického vysetfeni a
testovani na mechanickém chodniku) v diagnostice a diferencialni diagnostice lumbalni
spindlni stendzy. Je zaméfena zejména na moznost odliSeni lehkych forem LSS a diabetické
polyneuropatie. Obé zminéna onemocnéni jsou Casta ve vyssim veku, neziidka se vyskytuji u
pacientll souc¢asn¢ a muze byt problém urcit, zda klinické potize pacienta jsou na podkladé
radikularniho postizeni pti LSS ¢i polyneuropatie.

Ve studii bylo vySetfeno 29 pacientd s lehkou formou LSS (16 s neurogennimi klaudikacemi,
13 bez neurogennich klaudikaci), dale byly vytvoreny 2 kontrolni skupiny, a to skupina 25
zdravych dobrovolnikli a skupina 24 pacientii s diabetickou polyneuropatii.

Zjistili jsme, ze pacienti s LSS a NK usli statisticky signifikantné krat$i vzdalenost na
mechanickém chodniku ve srovnani s pacienty s LSS bez NK a sobéma kontrolnimi
skupinami. U 67 % pacienti s LSS a NK se pifi chlizi na mechanickém chodniku
manifestovaly neurogenni klaudikace. Pied¢asné ukonceni testu na mechanickém chodniku
vSak bylo casté jak ve skupin€ zdravych dobrovolnikii (60 %) tak ve skupiné pacientd
s diabetem (66,7 %), ve skupiné s LSS bez neurogennich klaudikaci tento jev nastal u 30,8 %
pacientll — u nikoho z téchto skupin nebyly pfi¢inou neurogenni klaudikace, ale jiné divody
(zejména dusnost, celkova slabost, kloubni potize).

Vysettené elektrofyziologické parametry z HKK (latence F viny n. ulnaris a amplituda SNAP
n. radialis) a dale amplituda SNAP n. suralis odliSovaly pacienty s LSS a s diabetem.
Elektrofyziologické parametry z DKK (latence tibialisové F viny, latence H reflexu m. soleus
a spinalni latence MEP k m. abductor hallucis) spolehlivé odliSovaly zdravé dobrovolniky od
pacientl s diabetem a s LSS, pficemz odliSeni pacienti LSS a s diabetickou polyneuropatii
bylo jen castecné (prolongace latenci byla nejvyrazngj§i u pacienti s diabetem).
Chronodisperze tibialisové F viny odliSovala pacienty s LSS a NK od ostatnich skupin.

V souhrnu tato prace prokazuje, Ze elektrofyziologické vySeteni pfispiva k diferencidlni
diagnostice lehkych forem LSS a diabetické polyneuropatie. Pfinos elektrofyziologickych
metod pii verifikaci NK u LSS je v§ak omezen. Testovani na mechanickém chodniku je cenné
k potvrzeni neurogennich klaudikaci a stanoveni kapacity chiize, jeji omezeni je vSak nutno

obezietné analyzovat (napt. dusnost, kloubni potize, vaskularni klaudikace).
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Tato prace ve shod¢ s dostupnymi literarnimi udaji potvrzuje vyznam testovani na
mechanickém chodniku u pacientti s LSS, upozoriiuje vSak na nutnost podrobné analyzy
diivodu ukonceni testu. Jako prvni se tato prace zabyva piinosem elektrofyziologickych testi
v diferencidlni diagnostice pacientd s LSS, diabetickou polyneuropatii a zdravych

dobrovolniku.

Kvantitativni a obsahovy autorsky podil uchazece: 75 %, sbér dat, analyza a interpretace dat,

sepsani prdce.
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8. Adamova B, Vohanka S, Dusek L. Dynamic electrophysiological examination in
patients with lumbar spinal stenosis: is it useful in clinical practice? Eur Spine J 2005;

14(3): 269-276. (IF 1,763)

Préace se zabyva pozatézovym elektrofyziologickym testovanim u pacientti s LSS. Cilem bylo
zjistit, zda u téchto pacientli po zatézi chiizi dochazi k signifikantnim tranzitornim zménédm
vybranych elektrofyziologickych parametri, a déle zhodnotit moZzny pifinos pozatéZzového
testovani v diferencidlni diagnostice LSS. Do studie bylo zatazeno 36 pacientti s LSS, dale
byly testovany 2 skupiny kontrol, a to zdravé kontroly (32 dobrovolnikil) a skupina pacientt
s klinicky manifestni diabetickou polyneuropatii (28 pacientil). Divodem pro volbu kontrolni
skupiny zahrnujici pacienty s diabetickou polyneuropatii byla skutecnost, ze v klinické praxi
Casto stojime pfed problémem urcit, zda klinické potiZze pacienta jsou na podkladé poSkozeni
kotent pfi LSS ¢i na podkladé polyneuropatie.

Prokazali jsme, Ze po zatézi chlizi u pacientli s LSS dochazi k mirnym, nicméné statisticky
signifikantnim zménam v nékterych elektrofyziologickych parametrech (prolongace latence
tibialisové F viny a prolongace latence H reflexu m. soleus). Ke zmé&nam dochéazelo nejen u
pacientit s LSS a s neurogennimi klaudikacemi, ale i u pacientii s LSS bez neurogennich
klaudikaci, pficemz tyto zmény byly nejvyrazngjsi u pacienti s LSS a pfitomnosti trvalych
paréz na DKK. V obou kontrolnich skupindch po zatézi chiizi k signifikantnim zméndm
elektrofyziologickych parametri nedochazelo.

Prace vedla k zjisténi, ze pozatézové (dynamické) elektrofyziologické vySetfeni piispiva
k vysvétleni patofyziologie neurogennich klaudikaci u LSS, coz koreluje s dfive
publikovanymi pracemi. Prakticky vyznam tohoto vySetfeni nebyl dosud stanoven; z nasi
studie vyplyva, Ze ptinos pozatézoveého -elektrofyziologického vySetfeni v diferencialni
diagnostice LSS oproti diabetické polyneuropatii nebyl prokazan, a to z divodu nemoznosti
stanoveni optimalni diskriminac¢ni (cut-off) hodnoty pro elektrofyziologické parametry.

Prace jako jedna zmala podrobné hodnoti zmény fady elektrofyziologickych parametrii
(parametry tibialisové F viny, H reflexu m.soleus a MEP k m. abductor hallucis) po zatézi
chiizi u pacientii s LSS, analyzuje tyto parametry i s ohledem na klinickou tizi LSS (dle
pritomnosti neurogennich klaudikaci a trvalych paréz na dolnich koncetinach) a jako jedina
dostupnd prace hodnoti prakticky vyznam pozatézového elektrofyziologického testovani

v diferencialni diagnostice LSS.
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Kvantitativni a obsahovy autorsky podil uchazece: 75 %, sbér dat, analyza a interpretace dat,

sepsani prdce.
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9. Micankova Adamova B, Vohanka S. The results and contribution of
electrophysiological examination in patients with lumbar spinal stenosis. Scr Med

(Brno) 2009; 82/1: 38-45.

Préace hodnoti vysledky elektrofyziologickych vysetieni (EMG, somatosenzorické evokované
potencialy, motorické evokované potencidly) u pacientli s LSS. Ve skupin¢ 102 pacient
s klinicky manifestni, radiologicky verifikovanou LSS  byla pfitomnost radikulopatie
stanovena na zdkladé¢ kondukénich studii a jehlovée EMG u 70,6 % pacientli, pfi¢emZ
pievazovalo vicekofenové postizeni (46,1 % pacientli). Déale bylo hodnoceno i1 postizeni
jednotlivych lumbosakralnich kotenti dle EMG, kde jsme dospéli k zavéru, Ze nejcastéji jsou
postizeny kofeny L5 a SI.

Somatosenzorické evokované potencialy byly hodnoceny jako abnormalni u 58,8 % pacienti
a motorické evokované potencidly vykazovaly patologii u 30,7 % pacienti. Abnormita
v EMG byla celkem prokdzana u 81,4 % pacientli, pokud jsme zapocitali i pacienty
s abnormitami SEP ¢i MEP, tak abnormalni elektrofyziologické vySetieni vykazovalo celkem
87,3 % pacientti s LSS.

Ve shodé¢ sdiive publikovanymi studiemi jsme prokazali, Ze nejpiinosnéjSim
elektrofyziologickym vySetfenim u pacientli s LSS jsou kondukéni studie dolnich koncetin
doplnéné jehlovou EMG. Nézor na piinos evokovanych potencialll v diagnostice LSS dosud
nebyl dle dostupnych literarnich dat ustalen, z nasi prace vyplyva, Zze mohou mit pfinos
zejména u pacientll s negativnim EMG.

Tato prace je pfinosna tim, Ze analyzuje podrobné elektrofyziologické nalezy u velké skupiny
pacientl s LSS a stanovuje piinos jednotlivych elektrofyziologickych metod v diagnostice

LSS, coz dosud nebylo ujasnéno.

Kvantitativni a obsahovy autorsky podil uchazece: 85 %, sbér dat, analyza a interpretace dat,

sepsani prdce.
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3. SOUHRN

Piedlozeny soubor vlastnich praci se zabyvd nékolika tématy v problematice lumbalni
spindlni stendzy. Prace jsou orientovany jednak na diagnostiku LSS, a to se zaméfenim na
elektrofyziologické testovani vcetné pozatézového vySetfeni a testovani na mechanickém
chodniku. Dale prace fesi problematiku dotaznika a §kal u LSS, pfi¢emz je hodnocen ptinos
Oswestry dotazniku (ODI) u pacientd s LSS pro posouzeni jejich disability, dale jsme
vytvofili nové skore pro zhodnoceni neurologického nalezu na dolnich koncetinach u pacientti
s LSS (skore neurologického postizeni u lumbalni spinalni stenozy - NIS-LSS). Zabyvali jsme
se také hodnocenim dlouhodobého vyvoje, a to klinického, elektrofyziologického 1
radiologického u pacientd s LSS a stanovili jsme prediktory klinického vyvoje u pacientii
s lehkou a stfedni formou LSS vramci 12leté prospektivni observaéni studie. Na zakladé
vysledki vyse uvedenych praci, zavért dostupnych studii zabyvajici se touto problematikou a
s pfihlédnutim k naSi dlouhodobé zkuSenosti s diagnostikou a 1écbou pacientii s touto
chorobou jsme vytvofili schéma pro kvantifikaci tize LSS a vlastni orienta¢ni doporuceni pro
volbu terapeutického postupu (konzervativni x operacni) u téchto pacientt.

Z praci zabyvajici se elektrofyziologii vyplyva, Ze nejpfinosnéjSim elektrofyziologickym
vySetfenim u pacientli s LSS jsou kondukéni studie dolnich koncetin doplnéné jehlovou
EMG. Ptinos evokovanych potencialli (SEP, MEP z dolnich koncetin) jsme potvrdili zejména
u pacientll s negativnim EMG, tedy je mozZné je oznacit za doplikové vySetfeni u této
diagn6zy. Evokované potencidly navrhujeme pouzit v pfipadé, Ze méame podezieni na
ptitomnost radikularniho postiZeni, které se v§ak nepodafilo verifikovat pomoci EMG.

Dale jsme podrobné analyzovali elektrofyziologické nalezy u velké skupiny pacientt s LSS,
kdy jsme dospéli k zavéru, ze u pacientl prevazuje vicekotfenové postizeni, pri¢emz nejcastéji
jsou postizeny koteny L5 a S1.

Prokazali jsme, ze po zatézi chlizi u pacientti s LSS dochazi k mirnym, nicméné statisticky
signifikantnim zménam v nékterych elektrofyziologickych parametrech, a to nejen u pacientt
s LSS a s neurogennimi klaudikacemi, ale 1 u pacientli s LSS bez neurogennich klaudikaci,
pfi¢emZ tyto zmény byly nejvyraznéjsi u pacientli s LSS a pfitomnosti trvalych paréz na
DKK. Prace vedla kzjisténi, ze pozatézové (dynamické) elektrofyziologické vySetfeni
prispiva k vysvétleni patofyziologie neurogennich klaudikaci u LSS, pfinos pozatézového
elektrofyziologického vySetfeni v  diferencidlni diagnostice LSS oproti diabetické

polyneuropatii nebyl prokazan, a to z diivodu nemoznosti stanoveni diskrimina¢nich (cut-off)
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hodnot pro elektrofyziologické parametry. Tedy je mozno konstatovat, ze v bézné klinické

praxi pfinos pozatézového elektrofyziologického vySetfeni nebyl potvrzen.

Prace, kterd hodnotila pfinos a omezeni elektrofyziologického vySetieni v diferencidlni
diagnostice lumbalni spindlni stendzy pfinesla zjisténi, ze elektrofyziologické vySetieni je
piinosné v diferencialni diagnostice LSS a diabetické polyneuropatie. Z elektrofyziologického
vySetfeni je dle nasi studie nejspolehlivéjsi metodou k odliseni téchto dvou nemoci vySetfeni
hornich koncetin (postiZeni nachazime pouze u diabetické polyneuropatie), piinos ma i
amplituda SNAP n. suralis (niz§i hodnoty amplitudy jsou u pacienti s diabetem). U
nemocnych s leh¢i formou LSS piispiva k diagnostice 1 vySetfeni dolnich koncetin, kdy u
nemocnych s diabetem vétSinou nachazime vyznamnéjsi prolongaci latence F viny n. tibialis,

latence H reflexu m. soleus a spindlni latence MEP k m. abductor hallucis ve srovnani

s pacienty s LSS.

Rovnéz jsme potvrdili vyznam testovani na mechanickém chodniku u pacientli s LSS. Zjistili
jsme, Ze pacienti s LSS a NK usli statisticky signifikantné krat$i vzdalenost na mechanickém
chodniku ve srovnani s pacienty s LSS bez NK a s obéma kontrolnimi skupinami (skupina
zdravych dobrovolnikl a pacientt s diabetickou polyneuropatii). U 67 % pacient s LSS a NK
se pii chiizi na mechanickém chodniku manifestovaly neurogenni klaudikace. Piedcasné
ukonceni testu na mechanickém chodniku vSak bylo ¢asté i ve skupiné zdravych dobrovolnik
a ve skuping pacientil s diabetem 1 u pacientli s LSS bez NK; u nikoho z téchto skupin nebyly
pfic¢inou neurogenni klaudikace, ale jiné divody (zejména dusnost, celkova slabost, kloubni
potize). Shrnujeme, Ze testovani na mechanickém chodniku je cenné k potvrzeni
neurogennich klaudikaci a stanoveni kapacity chiize, jeji omezeni je vSak nutno obezietné
analyzovat (napf. duSnost, kloubni potiZze, vaskularni klaudikace). USlou vzdalenost
hodnocenou na mechanickém chodniku jsme pak zvolili jako jedno z kritérii pro stanoveni
tize LSS.

Prace zabyvajici se Oswestry dotaznikem u pacientli s LSS upozoriiuje na existenci nové
ceské verze Oswestry dotazniku (ODI verze 2.1a) a prokazuje, Ze tato nova verze koreluje
jednotnosti by méla byt tato nova verze pouzivana. Byl prokézan piinos Oswestry dotazniku u
pacientli s LSS pii posouzeni jejich disability. Tento fakt jsme pak vyuzili pii hodnoceni tize
LSS, kdy disabilita hodnocena pomoci Oswestry dotazniku je jedno ze tii kritérii pro

posouzeni tize LSS.
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Vzhledem ktomu, ze dosud neexistovalo vSeobecné uznavané skoére pro hodnoceni
neurologického ndlezu na dolnich koncetindch u pacientd s LSS, tak jsme toto nové skore
vytvofili pod ndzvem ,skore neurologického postizeni u lumbdélni spinalni stendzy*
(neurological impairment score in lumbar spinal stenosis (NIS-LSS)). Byla provedena
validace NIS-LSS za ucelem zavedeni tohoto skére do bézného hodnoceni pacienti s LSS.
Skore hodnoti Slachookosticové reflexy, taktilni €iti, vibracni €iti, pfitomnost paréz na dolnich
koncetinach a dale schopnost chiize a béhu. Vysledek skére mize nabyvat hodnot od 0 do 33
bodii, pficemz plny pocet bodli znamena zcela normalni neurologicky nélez na dolnich
koncetinach, 0 bodl pak tplnou neschopnost samostatné lokomoce. NIS-LSS je jednoduché
skore, které s vysokou senzitivitou i specificitou odliSuje pacienty od zdravych kontrol a které
velmi dobfe koreluje s disabilitou pacientli. Jeho pifinos a vyuziti vidime zejména pfi
dlouhodobém sledovani a hodnoceni efektu 1é€by pacienti s LSS.

Dalsi dvé prace shrnuji vysledky prospektivni observacni studie, ktera se zabyvala
dlouhodobym vyvojem a jeho prediktory u pacientli s lehkou a stfedni formou LSS. Pro studii
bylo vybrano celkem 71 pacientll s klinicky symptomatickou LSS dlouhodobé¢ 1éCenych a
sledovanych na nasi klinice. Data byla analyzovana po 7 letech sledovani a po 12 letech
sledovani. Lze konstatovat, ze dlouhodoby (horizont 7-12 let) uspokojivy vyvoj (stejny c¢i
zlepSeny klinicky stav) byl prokazan u 43-61 % pacientl s lehkou a stfedni formou LSS
lécenych konzervativné. Studie rovnéZ potvrzuje domnénku, ze LSS je pomalu progresivni
chronické onemocnéni s dlouhodobou stabilitou (doloZenou klinicky, radiologicky 1
elektrofyziologicky).  Prognostickou hodnotu u pacientt sLSS maji nckteré
elektrofyziologické parametry, konkrétn¢ pfitomnost vicekofenového postizeni pii EMG
vySetfeni a abnormity H reflexu m. soleus, a radiologicky parametr (nejmensi transverzalni
rozmer patetniho kandlu v bederni oblasti). Hlavnim pfinosem této studie je dlouhodobé (12
let) prospektivni komplexni (klinické, elektrofyziologické a radiologické) sledovani pacientd
s lehkou a stfedni formou LSS, které dosud nebylo nikym provedeno, a dale podrobna analyza
prediktori budouciho klinického vyvoje.

Vysledky nasSich praci spolu s vysledky dostupnych studii tykajici se problematiky LSS jsme
vyuzili k vytvofeni konceptu pro stanoveni tize LSS a navrzeni orienta¢niho doporuceni pro
volbu terapeutického postupu (konzervativni X operacni) u téchto pacientt.

V soucasné dobé€ neexistuji jednotna a vSeobecné uznavana kritéria pro stanoveni tize LSS.
Z tohoto divodu jsme sestavili kritéria pro posouzeni tize LSS, kterd odrazi stupeni klinického
postizeni a jsou zalozena na zhodnoceni 3 parametri - bolesti pomoci numerické Skaly

intenzity bolesti, disability pomoci Oswestry dotazniku a uslé vzdalenosti hodnocené na
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mechanickém chodniku. Tize LSS (lehka, stfedni, tézkd) je nésledné odvozena podle
pfevazujici kategorizace jednotlivych parametrii (u kazdého parametru je kategorie lehka —
sttedni — t€zk4). Na zaklad¢ stanoveni tize LSS pak navrhujeme vybér optimalniho 1écebného
postupu (konzervativni ¢i operacni terapie) a vytvorili jsme algoritmus volby terapeutického
postupu u pacient s LSS. Nejedna se vSak o striktni doporuceni, pti volbé 1écebného postupu
je nutné vzdy postupovat individudlné, je nutné zohlednit krom tize LSS 1 dalsi faktory, jako
je veék pacienta, jeho celkovy zdravotni stav a z n€ho vyplyvajici rizika operace, pacientovy
preference pii vybéru terapie a jeho ocekavani od 1écby. 1 pfes tato omezeni se vSak
domnivame, Ze jako orientacni doporuceni pii volbé 1écebného postupu je tento nas navrh

v praxi dobfe pouzitelny.
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4. SEZNAM POUZITYCH ZKRATEK

CMAP - compound muscle action potential - sumacni svalovy akéni potencial
CMCT - central motor conduction time - centralni motoricky kondukéni Cas

CT - pocitacova tomografie

DKK - dolni koncetiny

EMG - elektromyografie

GFS - General Function Score — Obecné funkéni skore

LSS - lumbalni spindlni sten6za

m. - musculus

MEP - motorické evokované potencialy

MR - magneticka rezonance

MUAP - motor unit action potential - akéni potencial motorické jednotky

n. - nervus

NASS - North American Spine Society — Severoamericka spinalni spole¢nost
NIS-LSS - Neurological impairment score in lumbar spinal stenosis — Skore neurologického
postiZzeni u lumbalni spinalni stendzy

NK - neurogenni klaudikace

ODI - Oswestry disability index

PI-NRS - pain intensity numerical rating scale — numericka Skala intenzity bolesti
PMCT - peripheral motor conduction time - periferni motoricky konduk¢éni cas
QST - kvantitativni testovani senzitivity (quantitative sensory testing)

RDQ - Roland Morris Disability Questionnaire - Dotaznik nezptsobilosti podle Rolanda a
Morrise

RTG - rentgen

SCM - spondylogenni cervikalni myelopatie

SEP - somatosenzorické evokované potencidly

SF-36 - Short form-36 - Dotaznik SF-36

SIP - Sickness Impact Profile — Profil dopadu nemoci

SNAP - sensory nerve action potential — ak¢éni potencial senzitivniho nervu

SSS - Swiss Spinal Stenosis Questionnaire - Svycarsky dotaznik pro spinalni stenézu
TTT - testovani termického prahu (thermal threshold testing)

VAS - vizualni analogova skala

ZCQ - Zurich Claudication Questionnaire — Zuris$sky klaudikac¢ni dotaznik
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PUVODNI PRACE

Oswestry dotaznik, verze 2.1a - vysledky
u pacientd s lumbalni spinalni stendzou,
srovnani se starsi verzi dotazniku

The Oswestry Questionnaire, Version 2.1a — Results in Patients
with Lumbar Spinal Stenosis, Comparison with the Previous

Version of the Questionnaire

Souhrn

Uvod: Oswestry dotaznik (Oswestry Disability Index, ODI) hodnoti omezeni bé&znych dennich
aktivit v dasledku bolesti dolni ¢asti zad, kvantifikuje subjektivni potize pacienta a vyjadfuje
miru disability. Dotaznik existuje ve vice verzich, pfi¢emz autori ODI doporucuji nyni uzivat verzi
2.1a, kterd je nové k dispozici i v ¢eském jazyce. Cilem prace bylo upozornit na existenci ceské
verze ODI 2.1a, zhodnotit, zda koreluje s dFivéjsi vlastni jazykovou verzi (verze ODI 1.0), a pro-
kazat pfinos ODI u pacientd s LSS pfi posouzenti jejich disability. Metodika: Obé verze ODI (verze
1.0 2.1a) byly pouzity u pacientl s lumbdalni spindini stendzou (LSS — 69 pacientll) a u zdra-
vych dobrovolnikl (63 kontrol). Obé skupiny byly srovnatelné vékem i zastoupenim pohlavi.
Bylo hodnoceno, zda je pfitomen vyznamny rozdil mezi obéma verzemi u obou vy3etfenych
skupin, a to i s ohledem na vék i pohlavi, a dale podrobné analyzovano vysledné skére ODI
(verze 2.1a) u obou vysetfovanych skupin. Vysledky: Medidn ODI u pacientd s LSS byl 40 %,
u zdravych kontrol 0 %. Prokdzali jsme, Ze obé verze Oswestry dotazniku jsou plné kompatibilni
a vzdjemné zaménitelné. Nebyl nalezen statisticky signifikantni rozdil pfi srovnani obou verzi
u skupiny pacientd s LSS ani u skupiny zdravych kontrol, a to ve viech vékovych kategoriich.
Korela¢ni analyza prokazala vysoky stuperi korelace mezi obéma verzemi (r > 0,98). Vysledné
skore ODI se signifikantné lisilo u zdravych dobrovolnikli a pacientd s LSS. Zavér: Nova cCeska
verze Oswestry dotazniku (2.1a) je plné zaménitelna se starsi verzi ODI a pro dosazeni jednot-
nosti by méla byt pouzivéna. Byl prokazéan pfinos tohoto dotazniku u pacientd s LSS.

Abstract

Introduction: The Oswestry questionnaire (The Oswestry Disability Index, ODI) evaluates the impact
low back pain has on activities of daily living through low back pain, quantifies patients’ subjec-
tive complaints and measures the level of disability. Even though multiple versions of the ODI are
available, the authors now recommend version 2.1a that has also recently became available in
the Czech language. The aim of this study was to emphasise that the new Czech version of ODI
is available and to evaluate its correlation with the former Czech version (ODI 1.0) as well as to as-
sess application of the ODI in patients with LSS. Methods: Both versions of the ODI (1.0 and 2.1a)
were used for evaluation of 69 patients with lumbar spinal stenosis (LSS group) and 63 age and
gender matched healthy volunteers (control group). The existence of any differences between both
versions was evaluated in general and also with respect to age and gender. The results of the ODI
2.1a were analysed in detail in both groups. Results: Median ODI was 40% in LSS group and 0%
in controls. No statistically significant differences were found between the two ODI versions neither
in the cohort of LSS patients, nor in healthy controls within any of the age subgroups. Correlation
analysis proved a high degree of correlation between both versions (r >0.98). Our findings thus
proved that both versions of the ODI questionnaire are fully compatible and mutually interchange-
able. The results of the ODI were significantly different between the LSS and control groups. Results:
The new Czech version of the ODI (2.1a) is fully interchangeable with the former version and should
now be used to ensure consistency. We proved usefulness of the ODI in evaluating LSS patients.

B. Mi¢ankova Adamova'?,
M. Hnoj¢ikova’, S. Vohanka'?,
L. Dusek?

' Neurologicka klinika LF MU

a FN Brno

2 CEITEC — Stfedoevropsky technolo-
gicky institut, MU, Brno

3Institut biostatistiky a analyz, MU,
Brno

X

MUDr. Blanka Mi¢ankova
Adamova, Ph.D.
Neurologicka klinika

LF MU a FN Brno

Jihlavska 20

625 00 Brno

e-mail: badamova@fnbrno.cz

Pfijato k recenzi: 1. 12. 2011
Prijato do tisku: 21. 3. 2012

Klicova slova

Oswestry dotaznik — lumbdlni spinaini
stendza — bolesti v zadech — neurogenni
klaudikace — hodnocenf bolesti

Key words

The Oswestry disability index — lumbar
spinal stenosis — back pain — neurogenic
claudication — pain assessment

Tato prace vznikla diky projektu , CEITEC —
Stfedoevropsky technologicky institut”
(CZ.1.05/1.1.00/02.0068) z Evropského
fondu regionainiho rozvoje.

460 Cesk Slov Neurol N 2012; 75/108(4): 460-467




OSWESTRY DOTAZNIK, VERZE 2.1A — VYSLEDKY U PACIENTU S LUMBALNI SPINALN{ STENOZOU

Uvod

U pacientl s bolesti dolni ¢asti zad jsou
vyuzivany rtzné hodnotici skaly za uce-
lem presnéjsiho a kvantifikovatelného
posouzeni stavu pacienta a zhodnoceni
efektu lécby. Béhem posledni dekady
doslo ke zméné v hodnoceni vysledkd
lécby vertebrogennich onemocnéni. Do
pozadi ustupuje bézné uzivané hodnoceni
lékarem (vysledek lécby byl ¢asto hodno-
cen jako vyborny, dobry, pfijatelny nebo
$patny) a stéle vice se uplatriuje hodno-
ceni bolesti a disability samotnym pa-
cientem [1]. Skute¢nost, Ze se stale vétsi
pozornost vénuje skalam, ve kterych hod-
noti svlj stav sdm pacient, je dana tim, Ze
cilem lécby je zejména zlepseni funkéniho
stavu a kvality Zivota pacienta. Hodnotici
skaly se pouzivaji nejen v klinickych stu-
diich, ale i v bézné Iékarské praxi.

Velmi rozsiteny a casto pouzivany je
Oswestry dotaznik (Oswestry Disabi-
lity Index, ODI), ktery hodnoti omezeni
béznych dennich aktivit kvili bolesti doIni
¢asti zad, kvantifikuje tedy subjektivni po-
tize pacienta a vyjadfuje miru disability
[2,3]. Oswestry dotaznik je komplexni, za-
hrnuje otazky na fyzickou disabilitu (ome-
zeni schopnosti sedét, stat, zvedani bre-
men a chdze), hodnoti i socidlni hendikep
(spolecensky Zivot, sexualni Zivot, cesto-
vani, osobni péce) a hodnoti rovnéz bo-
lest a spanek (pfiloha 1). ODI tedy struk-
turuje a kvantifikuje anamnestickd data
a jeho vysledna hodnota napomaha i pfi
rozhodovani o dalSim lécebném postupu.
Je urcen pro papirové vypliovani, telefo-
nické vyplhovani neni vhodné, protoze
u kazdé otézky je na vybér z vice (Sesti) al-
ternativ odpovédi.

Dotaznik obsahuje 10 otdzek, z nichz
kazdd ma Sest alternativ odpovédi, pfi-
¢emz odpovédi jsou skérovany odshora
dold, kdy se k prvni moznosti odpovédi
pfifazuje 0 bodt a k posledni 5 bodu
(tato predstavuje nejvyssi stupen disabi-
lity u dané otazky). Mira disability se vyja-
dfuje v procentech a vypocita se z celko-
vého skore (ze souctu bodu u viech deseti
otazek). ODI muze nabyvat hodnot 0 az
100 %, interpretace vysledkt ODI je uve-
dena v pfiloze 1.

Prvni verze tohoto dotazniku byla pu-
blikovana v roce 1980 [2]. Dotaznik v3ak
existuje ve vice verzich [3-5], pficemz
autofi ODI doporucuji uzivat verzi 2.1a,
kterd je k dispozici nové (od ledna 2011)
i v Ceském jazyce a byla jazykové valido-

vana. Kontrolou uzivani a sifeni dotaz-
niku byla povérena spolec¢nost , MAPI Re-
search Trust” ve Francii. Novou verzi ODI
je mozno ziskat kontaktovanim této spo-
le¢nosti pfes www.mapi-trust.org, pfi-
¢emz se mUze pozadat o jeji zaslani, ale
soucasné je nutné ziskat souhlas pro po-
voleni k uzivani (www.mapi-trust.org/ser-
vices/questionnairelicensing/catalogue-
guestionnaires/128-odi).

Vyplhovani a hodnoceni ODI je jed-
noduché, pacient potrebuje k vyplnéni
dotazniku vétsinou 3,5-5 minut a asi
1 minutu zabere jeho vyhodnoceni. Za
minimalni klinicky vyznamny rozdil ODI
jsou povazovany dle rliznych autor( hod-
noty 5,2 az 16,3 procentnich bodt [6,7].

ODI se ¢asto vyuZziva ke zhodnoceni dis-
ability i u pacientd s LSS, u kterych jsou
bolesti dolni ¢asti zad velmi frekventné
zad zjistény u 79,5 % pacientl s LSS [8].
Pro pacienty s LSS jsou typické neuro-

genni klaudikace, tedy z tohoto pohledu
je v Oswestry dotazniku velmi cenné
zhodnoceni stoje a chlize.

Pfed vytvofenim nové ceské verze
ODI 2.1a jsme pouZzivali vlastni jazyko-
vou verzi (verze ODI 1.0), kterd vsak ne-
byla validovéna. Odlisnosti u obou verzi
jsou zejména v otdzkach bolesti, chlze
a spanku. Drivéjsi verze ODI hodnoti in-
tenzitu bolesti s ohledem na nutnost uzi-
vani analgetik a jejich efekt, v nové verzi
je hodnocena intenzita bolesti bez ohledu
na uzivani analgetik. Pfi hodnocenfi chlize
se obé verze mirné lisi v udané vzdale-
nosti, kterou je schopen pacient absolvo-
vat. Spanek je ve starsi verzi ODI ve srov-
nani s novou verzi hodnocen s ohledem
na nutnost uzivani 1ékd, které zde nejsou
blize specifikovany. Déle se obé verze lisi
jazykovou formulaci otazek.

Cilem nasi prace bylo upozornit na exis-
tenci nové Ceské verze ODI (2.1a), zhod-

Tab. 1. Zakladni charakteristiky vySetfovanych soubort — pacientt s LSS

a zdravych kontrol.

Pacienti s LSS Zdravé kontroly Hodnota p?

Velikost souboru (n) 69 63

Muzi, n (%) 41 (59,4) 32 (50,8) 0,321
Veék!

cely soubor 65 (52-80) 65 (44-83) 1,000
muzi 64 (54-77) 65 (43-79) 0,567
Zeny 65 (51-81) 67 (46-85) 0,253
Vékové kategorie — cely soubor,

n (%)

<55 10 (14,5) 17 (27,0) 0,096
56-65 25 (36,2) 15 (23,8)

66-75 26 (37,7) 17 (27,0)

76 < 8(11,6) 14 (22,2)

Vékové kategorie — muzi, n (%)

<55 4(9,8) 7 (21,9) 0,120
56-65 17 (41,5) 12 (37,5)

66-75 17 (41,5) 7(21,9)

76 < 3(7,3) 6(18,8)

Vékové kategorie — zeny, n (%)

<55 6(21,4) 10 (32,3) 0,275
56-65 8(28,6) 3(9,7)

66-75 9(32,1) 10 (32,3)

76 < 5(17,9) 8 (25,8)

Oswestry Disability Index (1.0)' (%) 40 (9-60) 0(0-13) < 0,001
Oswestry Disability Index (2.1a)' (%) 40 (11-60) 0(0-11) < 0,001
Wék a Oswestry Disability Index jsou vyjadieny pomoci medidnu doplnéného
o 5. a 95. percentil. 2Hodnota p: Mann-Whitney U test pro spojité proménné,
chi-kvadrét test pro kategorie.

Cesk Slov Neurol N 2012; 75/108(4): 460-467

461




OSWESTRY DOTAZNIK, VERZE 2.1A — VYSLEDKY U PACIENTU S LUMBALNI SPINALNi STENOZOU

Priloha 1. Oswestry dotaznik (ODI verze 2.1a).

Ucelem tohoto dotazniku je poskytnout ném informace o tom, jak Vase problémy se zady (nebo s nohou) ovliviuji Vasi schopnost zvla-
dat kazdodenni Zivot.
Odpovézte prosim na viechny ¢asti. Oznacte tu odpovéd, ktera nejpresnéji popisuje Vas dnesni stav; v kazdé ¢asti oznacte pouze jednu odpoved.

Cast 1 - Intenzita bolesti

Dnes nemam zadné bolesti.

Dnes mam mirné bolesti.

Dnes mam stredni bolesti.

Dnes mam docela silné bolesti.

Dnes mam velmi silné bolesti.

Dnes mam nejhorsi bolesti, jaké si Ize pfedstavit.

Cast 2 — Osobni péce (myti, oblékani atd.)

Mohu se o sebe normalné postarat, aniz by mi to zptsobovalo neobvyklé bolesti.
Mohu se o sebe normalné postarat, ale zpUsobuje mi to velké bolesti.

Osobni péce mi zplsobuje bolesti a musim ji provadét pomalu a opatrné.
Potfebuji trochu pomodi, ale zvlddnu vétsinu osobni péce.

Potfebuji kazdy den pomoci s vétsinou tkonl své osobni péce.

Neobléknu se, myti mi plsobi potize a zGstdvam v posteli.

Cast 3 — Zvedani bremen

Mohu zvedat tézkd bremena bez neobvyklych bolesti.

Mohu zvedat tézka bremena, ale zptsobuje mi to neobvyklé bolesti.

Kvili bolestem nemohu zvedat tézka bfemena ze zemé, ale zvlddnu to, pokud jsou vhodné polozend, tfeba na stole.

Kvuli bolestem nemohu zvedat tézka bremena, zvlddnu ale lehka azZ stfedné tézka bfemena, pokud jsou vhodné poloZena.
Mohu zvedat pouze velmi lehka bfemena.

Nemohu zvedat a nosit viibec nic.

Cast 4 - Chuaze

Bolesti mi nebrani v chlzi na jakoukoli vzdalenost.

Bolesti mi brani v chizi delsi nez jeden kilometr.

Bolesti mi brani v chtzi delsi nez pal kilometru.

Bolesti mi brani v chdzi delSi nez 100 metrd.

Mohu chodit pouze s holi nebo s berlemi.

Vétsinu Casu stravim v posteli a na zachod musim dolézt po ctyrech.

Cast 5 - Sezeni

Mohu sedét na jakékoli zidli, jak dlouho chci.
Mohu sedét na své oblibené zidli, jak dlouho chci.
Bolesti mi brani v sezeni delSim nez jednu hodinu.
Bolesti mi branf v sezeni delsim nez pal hodiny.
Bolesti mi branf v sezeni delSim nez 10 minut.
Kvuli bolestem nemohu vibec sedét.

Cést 6 - Stani

Mohu stat, jak dlouho chci, bez neobvyklych bolesti.

Mohu stat, jak dlouho chci, ale zpUsobuje mi to neobvyklé bolesti.
Bolesti mi brani ve stani delsim nez jednu hodinu.

Bolesti mi brani ve stani delsim nez pal hodiny.

Bolesti mi brani ve stani delSim nez 10 minut.

Kvli bolestem nemohu vibec stét.
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Cast 7 - Spani

Bolesti mé nikdy nevyrusi ze spanku.
Bolesti mé obcas vyrusi ze spanku.

Kvuli bolestem spim méné nez 6 hodin.
Kvuli bolestem spim méné nez 4 hodiny.
Kvuli bolestem spim méné nez 2 hodiny.
Kvuli bolestem nemohu vibec spat.

Cast 8 — Sexualni Zivot (je-li relevantni)

MUj sexudlni Zivot je normalni a nezpUsobuje mi neobvyklé bolesti.

MUj sexudlni Zivot je normalni, ale zpGsobuje mi urcité neobvyklé bolesti.
Mj sexudlni Zivot je skoro normalni, ale zplsobuje mi velké bolesti.
Bolesti zdvaznym zplsobem omezuji muj sexualni zivot.

Kvli bolestem mj sexudlni zivot témér neexistuje.

Kvuli bolestem nemam vibec zadny sexudlni Zivot.

Cast 9 - Spole¢ensky Zivot

MUj spolecensky zivot je normalni a nezplsobuje mi neobvyklé bolesti.

MUj spolecensky Zivot je normalni, ale zvySuje intenzitu mych bolestf.

Bolesti nemaji zadny zavazny vliv na muj spolecensky Zivot kromé toho, Ze mé omezuji v namahavéjsich zajmovych cinnostech,
napf. ve sportu atd.

Bolesti omezily mdj spolecensky Zivot a nevychazim ven tak casto.

Kvili bolestem se mdj spolecensky Zivot omezuje na mdj domov.

Kvuli bolestem nemam vibec Zadny spolecensky Zivot.

Cast 10 - Cestovani

Mohu cestovat kamkoli bez neobvyklych bolesti.

Mohu cestovat kamkoli, ale zpUsobuje mi to neobvyklé bolesti.

Bolesti jsou silné, ale zvladnu cesty trvajici déle nez dvé hodiny.

Kvuli bolestem zvlddnu pouze cesty trvajici nejdéle hodinu.

Kvili bolestem zvladnu pouze nezbytné cesty trvajici nejdéle 30 minut.
Kvli bolestem necestuji viibec, s vyjimkou cest nutnych kvali mému lécent.

Vysledek :|:| %

Pozn: ODI © Jeremy Fairbank, 1980. VSechna prava vyhrazena. Ukazkovy vytisk — nepouZivat bez povolent.
Hodnoceni ODI (Oswestry Disability Index)

Odpovéd na kazdou otézku je bodovana 0-5 body. Maximum je 50 bodl (pfitomno 10 otdzek).
Vsechny otazky vsak nemusi byt zodpovézeny, proto pro vypocet ODI skdre se uzivéa vzorec:

ODI skére = (celkovy pocet bodud/5 x pocet zodpovézenych otdzek) x 100

Interpretace

0-20 % minimalni disabilita MUzZe vykonavat vétsinu aktivit, Ié¢ba vétSinou zahrnuje rezimova opatreni a redukci vahy.

21-40 % stfedni disabilita Cestovanf a spolecensky zivot byvaji obtiznéjsi, osobnf péce, sexudlni Zivot a spanek nebyvaji
vyrazné postizeny, lécba je obvykle konzervativni.

41-60 % tézka disabilita Hlavnim problémem jsou bolesti, postizeno také cestovani, osobni péce, sexudlni a spole-
Censky Zivot a spanek. Podrobné komplexni vysetfeni a dle vysledk konzervativni ¢ ope-
racni fesent.

61-80 % ochromeni Bolesti ovliviiuji vsechny aspekty Zivota. Obvykle operacni fesent.

81-100 % Pacient pfipoutdn na lizko nebo zvelicuje potize — k odliseni nutné peclivé pozorovani pa-

cienta béhem vysetreni, a pokud bude vylou¢ena agravace, tak obvykle operacni fesent.
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Tab. 2. Parové srovnani obou verzi ODI.

n
Cely soubor 69
Pohlavi

muzi 41
zeny 28
Vékové kategorie — cely soubor

<55 10
56-65 25
66-75 26
76 < 8
Vékové kategorie — muzi

<55 4
56-65 17
66-75 17
76 < 3
Vékové kategorie — Zeny

<55 6
56-65 8
66-75 9
76 < 5

medidn (5 %; 95 %)

-2 (-5;4)

-2 (-4; 4)
-2 (-5; 2)

-3(-7;2)
-2 (-5; 3)
-1(-5;4)
-1(=2;0)

-3 (-4; -2)
-2 (-3; 3)
0(-3;5)
-2 (=2; 0)

-2(-7;2)
— (55 A
-2 (-5; 2)
0(-2;0)

hodnota p?

0,128

0,107
0,158

0,066
0,101
0,169
0,146

0,066
0,090
0,787
0,157

0,236
0,395
0,084
0,157

'Rozdil je vypocitan jako hodnota Oswestry Disability Index 2.1a (%) minus hodnota Oswestry Disability Index 1.0 (%). ?Hodnota p:
Wilcoxon(v poradovy test.

Rozdil mezi obéma verzemi ODI'
Pacienti s LSS (n = 69)

Zdravé kontroly (n = 63)

n median (5 %; 95 %) hodnota p?
63 0(-4; 0) 0,172
32 0 (-4; 0) 0,183
31 0 (-4; 0) 0,161
17 0(-3; 0) 0,102
15 0(-3;0) 0,059
17 0 (-6; 0) 0,109
14 0 (-4; 0) 0,102
7 0 (0; 0) 1,000
12 0(-3; 0) 0,180
7 0 (-5; 0) 0,180
6 0(=2; 0) 0,317
10 0(-3; 0) 0,102
3 -2 (-2; 0) 0,157
10 0 (-6; 0) 0,317
8 0(-4; 0) 0,180

Oswestry disability

index (2.1a) (%)

100 ~

90 A

80 A
a % a
g 60 Xgl%o
= 1)
2 50 5,2 2
= O
= gn
S 40 + x!gé
> ®7 0 r=0,989 (p < 0,001)
= u]
S 30 gen
s Ro x <55 let
(@) (o]
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N
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Obr. 1. Dvé verze ODI - srovnani pomoci rozptylového diagramu.

vlastni jazykovou verzi (verze ODI 1.0),
otestovat ji na pacientech s LSS a proka-
zat pfinos ODI u pacientl s LSS pfi po-
souzeni jejich disability.

Soubor a metodika

Dotazniky

U pacientt s LSS i u zdravych dobrovol-
nikd byly testovany obé ceské verze ODI
(verze 1.0 i 2.1a). Vypliiovani dotazniku
bylo pisemné, pred vyplnénim dotazniku
byl pacient poucen, jak dotaznik vyplnit,
na zavér byla vypocitana vysledna hod-
nota skére v procentech.

Zdravi dobrovolnici

Skupina zdravych dobrovolnikl zahrno-
vala 63 osob. U dobrovolnik( byla ode-
brana anamnéza a provedeno klinické
neurologické vysetfeni s cilem odhalit pfi-
tomnost vylucujicich kritérii.

Vyluéujici kritéria

e Aktudlné prftomna bolest dolnf ¢asti zad.

* Ataka radikuldrniho lumbosakréalniho
syndromu v minulosti.

® Pritomnost neurogennich klaudikaci ¢i sta-
novena diagndza lumbalni spinalni stendzy.

464
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Tab. 3. Srovnani obou verzi ODI pfi zafazeni do kategorii (hodnoty ODI

jsou v %).

Oswestry Disabi-

lity Index (2.1a) 0-20 21-40
Cely soubor

0-20 71 2
21-40 1 25
41-60 0 2
61-80 0 0
Muzi

0-20 39 1
21-40 0 16
41-60 0 1
61-80 0 0
Zeny

0-20 32 1
21-40 1 9
41-60 0 1
61-80 0 0
<55 let

0-20 18 0
21-40 0 4
41-60 0 1
61-80 0 0
56-65 let

0-20 18 1
21-40 7
41-60 0 0
61-80 0 0
66-75 let

0-20 21 1
21-40 0 11
41-60 0 1
61-80 0

76 a vice let

0-20 14 0
21-40 0 3
41-60 0 0
61-80 0 0

Oswestry Disability Index (1.0)

Spearmanuv
41-60 61-80 koeficient
0 0
2 0
% 0 0,965 (p < 0,001)
0 B
0 0
1 0
12 0 0,976 (p < 0,001)
0 3
0 0
1 0
14 0 0,952 (p < 0,001)
0 0
0 0
1 0
3 0 0,982 (p < 0,001)
0 0
0 0
1 0
11 0 0,948 (p < 0,001)
0 1
0 0
0 0
3 0 0,966 (p < 0,001)
0 1
0 0
0 0
4 0 1,000 (p < 0,001)
0 1

Pfitomnost diabetes mellitus nebo ji-
ného onemocnéni vedouci k poly-
neuropatii (napf. abuzus alkoholu,
podavani chemoterapie — vyloucenf
vlivu polyneuropatie na vysledek
oDl).

Pritomnost koxartrézy a/nebo gonar-
trézy limitujici chdzi.

Pritomnost ischemické choroby DKK li-
mitujici chzi.

Pfitomnost jiné zdvazné komorbi-
dity, jez by mohla mit vliv na vysle-
dek ODI (napf. centrdini paréza DKK,
myopatie).

Pacienti s LSS
Skupina pacientt s klinicky symptomatic-
kou LSS zahrnovala 69 pacientd.

Vstupni kritéria

e Klinicky symptomaticka LSS (pfitomnost
neurogennich klaudikaci a/nebo bolesti
dolni ¢asti zad s propagaci do DKK).

® Pfitomnost centrdini LSS nejméné
v jedné etdzi, verifikovano CT ¢i MR.

Vylucujici kritéria
® Pfftomnost diabetes mellitus nebo jiného
onemocnéni vedouci k polyneuropatii

(napf. abuzus alkoholu, podavani che-
moterapie — vyloucenf vlivu polyneuropa-
tie na vysledek ODI).

® Pfitomnost koxartrézy a/nebo gonar-
trézy limitujici chazi.

e Pfitomnost ischemické choroby DKK li-
mitujici chlzi.

* Pfitomnost jiné zavazné komorbidity,
jez by mohla mit vliv na vysledek ODI
(napf. centrdlni paréza DKK, myopatie).

Statistické hodnoceni

Pro popis primarnich dat (vék, hod-
noty ODI) byl zvolen median doplnény
0 5. a 95. percentil. Pro parové srovnani
obou verzi ODI u pacientl s LSS a zdra-
vych kontrol jsme pouZili Wilcoxon(v po-
fadovy test. Ddle jsme aplikovali stan-
dardni analyzu kontingencnich tabulek,
ve kterych jsou srovnany obé verze ODI,
a to oddélené pro jednotlivé vékové ka-
tegorie i pohlavi. Korelace mezi obéma
variantami ODI byla kvantifikovana po-
moci Pearsonova korela¢niho koeficientu.
Pro korelaci mezi obéma verzemi ODI pfi
zafazeni do jednotlivych kategorii byla
pouZita Spearmanova pofadova kore-
lace. K porovnani hodnot ODI u pacient
s LSS a zdravych kontrol byl pouzit Man-
nAv-Whitneyho U test. Statistické ana-
lyzy byly pocitany s vyuzitim statistického
softwaru SPSS 19.0.1 (IBM Corporation,
2010). Hodnota p < 0,05 byla ur¢ena jako
hranice statistické vyznamnosti ve vsech
provedenych testech.

Vysledky

Zakladni charakteristiky obou vysetfova-
nych skupin, tj. skupiny zdravych dob-
rovolnik® a skupiny pacientl s LSS, jsou
uvedeny v tab. 1. Obé skupiny byly srov-
natelné vékem i zastoupenim pohlavi.

Pro analyzu ODI byly vytvoreny celkem
Ctyri vékové kategorie, které zohlednuji,
Ze LSS je onemocnéni vyssiho véku. Prvni
kategorie zahrnuje jedince ve véku 55 let
a ménég, druha kategorie osoby mezi 56 az
65 lety, treti kategorie osoby mezi 66 az
75 lety, Ctvrta kategorie osoby 76 let a vice.

Bylo analyzovéno, zda existuje vy-
znamny rozdil mezi obéma verzemi
u obou vysetfenych skupin, a to i s ohle-
dem na vék a pohlavi.

Medidn ODI pro verzi 1.0 i pro verzi
2.1a u pacientl s LSS byl 40 %, u zdra-
vych kontrol pro obé verze ODI 0%
(tab. 1). Parové srovnani obou verzi ODI
jak u skupiny s LSS, tak u zdravych dob-
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Tab. 4. Srovnani hodnot ODI (2.1a) u pacientt s LSS a zdravych kontrol.
Oswestry Disability Index (2.1a) (%)
pacienti s LSS' zdravé kontroly’ hodnota p?
(n =69) (n=63)

Cely soubor 40 (11-60) 0(0-11) < 0,001
Pohlavi

muzi 36 (11-64) 0(0-11) < 0,001
zeny 42 (9-56) 0 (0-16) < 0,001
Vékové kategorie — cely soubor

<55 38 (2-53) 0 (0-4) < 0,001
56-65 40 (11-60) 2 (0-9) < 0,001
66-75 36 (9-58) 0(0-18) < 0,001
76 < 49 (31-73) 0 (0-16) < 0,001
Vékové kategorie - muzi

<55 35 (33-42) 0 (0-4) < 0,001
56-65 31 (11-64) 1(0-7) < 0,001
66-75 38 (0-64) 0(0-11) < 0,001
76 < 47 (38-73) 0(0-11) < 0,001
Vékové kategorie — zeny

<55 41 (2-53) 0 (0-4) < 0,001
56-65 48 (24-58) 5 (2-9) < 0,001
66-75 33 (9-51) 0 (0-18) < 0,001
76 < 51 (31-56) 0 (0-16) < 0,001
'Oswestry Disability Index je vyjadien pomoci medianu doplnéného o 5. a 95. percentil.
’Hodnota p: Mann-Whitney U test.

rovolnikt neprokazuje statisticky signifi-
kantni rozdil pro Zadnou vékovou katego-
rii ¢i pohlavi (tab. 2).

Korela¢ni analyza, ve které jsou zahr-
nuty obé hodnocené skupiny, prokazuje
vysoky stupen korelace mezi obéma ver-
zemi ODI, coz dokumentuje obr. 1, kde
stuper korelace je vy3si nez 0,98 (Pear-
sondv korela¢ni koeficient nabyval hod-
noty 0,989), coz je statisticky vysoce sig-
nifikantni (p < 0,001).

Dale byly vytvofeny ctyfi kategorie
pro vysledné hodnoty ODI (1. kategorie
0-20%, 2. kategorie 21-40 %, 3. kate-
gorie 41-60 %, 4. kategorie 61-80 %)
a bylo testovano, jaka je korelace obou
verzi ODI pfi zarazeni obou testovanych
skupin do téchto kategorii. Korela¢ni ana-
lyza byla provedena i s ohledem na po-
hlavi a jednotlivé vékové kategorie a opét
nebyl shledan statisticky vyznamny roz-
dil mezi obéma verzemi ODI, Spearma-
nAv korela¢ni koeficient se pohybuje mezi
hodnotami 0,948 a7 1,0; coZ je statisticky
vysoce signifikantni (p < 0,001) (tab. 3).

Vysledné skoére ODI pro verzi 2.1a jsme
podrobné analyzovali u obou vy3Setfova-
nych skupin a zjistili jsme, Ze ve vSech vé-

kovych skupinach i u obou pohlavi se sta-
tisticky vysoce signifikantné lisily hodnoty
ODI u pacientt s LSS a zdravych dobrovol-
nikd (tab. 4).

Diskuze

Dle naSich védomosti se jednd o prvni
studii detailné analyzujici obé ceské
verze ODI (verze 1.0 a 2.1a), a to na sku-
piné pacientd s LSS a skupiné zdravych
dobrovolnikd.

V nasi praci jsme prokdzali, Ze obé
verze Oswestry dotazniku jsou pIné kom-
patibilni a vzajemné zaménitelné. Po-
drobnou analyzou jsme zjistili, ze nenf
statisticky signifikantni rozdil pfi srov-
nani obou verzi ODI u skupiny pacientl
s LSS ani u skupiny zdravych kontrol, a to
ve vsech vékovych kategoriich i u obou
pohlavi. Korela¢ni analyza prokazala vy-
soky stupen korelace mezi obéma ver-
zemi. Z toho pohledu se jevi mozné na-
hradit dfivéjsi verzi verzi novou. Autofi
ODI uvadeéji, Zze v kazdém jazyce by méla
byt pouZivana pouze jedna verze ODI,
a tou by v soucasné dobé méla byt verze
2.1a [4,9]. Fairbank déle upozornuje, ze
je nezbytné, aby vysetfujici uvadeéli, jakou

verzi ODI ve své praci pouzili [9]. S timto
tvrzenim souhlasime a rovnéz navrhujeme
uzivat jednotné ceskou verzi ODI 2.1a,
kterd je nyni dostupnd. Urcitou nevyho-
dou je, ze kazdy, kdo ODI vyuziva, i jen
pro klinické ucely, by mél pozadat o svo-
leni ,MAPI Research Trust”. Toto opat-
feni na druhé strané vede ke kontrole nad
pouzivanim a sifenim tohoto dotazniku.
V roce 2009 jsme publikovali v ¢asopise
Ceska a slovenska neurologie a neurochi-
rurgie daldf verzi ODI, ktera byla prekla-
dem anglické verze 2.0, jeZ se v3ak jiz nyni
nema pouzivat [10].

Autofi dotazniku poukazuji na to, ze
vsechny verze ODI vcetné verzi jazyko-
vych by mély byt validovany nezavisle,
k ¢emuz v mnoha pripadech nedoslo [4].
Neni ndm zndma préace, kterad by valido-
vala ¢eskou verzi ODI. Tato pfedlozena
studie k validaci nové ceské verze ODI
2.1a pfispéla a prokazala dobrou vyuzi-
telnost u pacientl s LSS. Vyslednd hod-
nota ODI 2.1a se signifikantné lisila u pa-
cientl s LSS a zdravych dobrovolnikd, a to
opét u vsech vékovych kategorii i u obou
pohlavi.

Pfinos ODI u pacientl s LSS proka-
zuje i nasSe predchozi studie, ve které
byla zjisténa korelace mezi ODI a pfitom-
nosti neurogennich klaudikaci u pacientt
s LSS; pacienti s neurogennimi klaudika-
cemi méli prdmérné ODI 41 %, pacienti
bez neurogennich klaudikaci méli pra-
mérné ODI 22 %, coz byl statisticky signi-
fikantni rozdil (p = 0,021) [11].

Otazky dotazniku ODI jsou povazovany
za srozumitelné, konkrétni a blizké cha-
pani pacientt [12]. S timto tvrzeni na za-
kladé nasich dlouholetych zkusenosti pfi
uzivani tohoto dotazniku souhlasime.
Uvadi se, Zze ODI lépe reflektuje stav pa-
cientd s déle trvajicimi obtizemi [13], coz
pacienti s LSS obvykle splfiuji, protoZe po-
tize u pacientl s timto onemocnénim by-
vaji chronické. Vysledky jedné studie vsak
ukazaly citlivost dotazniku i u pacientd
s akutnimi bolestmi dolni ¢asti zad [12].

Fairbank et al provedli metaanalyzu stu-
dii uzivajicich ODI a mimo jiné se zamé-
fili na studie, ve kterych ODI bylo hodno-
cenoiu ,normalni” populace [4]. Celkem
bylo zahrnuto 461 osob a prdmérna hod-
nota ODI u ,normalni” populace byla
10,19 %. V nasi studii u zdravych kontrol
nabyval median ODI pro obé hodnocené
verze hodnoty 0 %. To Ize vysvétlit pris-
néjsim vybérem zdravych kontrol v nasi
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studii (krom toho, Ze zdravi dobrovolnici
nesméli trpét bolesti dolni ¢asti zad, ne-
sméli mit ani jinou zadvaznéjsi komorbi-
ditu, jez by mohla ovlivnit vysledek ODI)
s tim, Zze vyplnéni dotazniku u nich bylo
provedeno po instruktazi a papirové, ni-
koliv telefonicky.

Z literatury je patrné, ze ODI je vy-
uzivan velmi casto a jeho uplatnéni je Si-
roké, a to u rdznych onemocnéni, ktera
jsou spojena s bolesti dolni ¢asti zad
(napf. lumboischiadicky syndrom, chro-
nické bolesti dolni ¢asti zad, spondylo-
listéza, idiopaticka skolidza, spindlni me-
tastazy, fibromyalgie, lumbalni spindlni
stendza). Fairbank et al ve své metaana-
lyze studii uzivajicich ODI analyzovali
i pacienty s neurogennimi klaudikacemi,
cozZ je pfiznak patognomicky pro LSS,
celkem bylo zahrnuto 82 pacientt a pru-
mérna hodnota ODI byla 36,65 % [4].
V nasi studii u pacientd s LSS byl median
ODI pro obé verze dotazniku 40 %, to
je velmi podobné hodnoté zjisténé me-
taanalyzou u pacientl s neurogennimi
klaudikacemi.

Zaveér

V praci jsem prokazali, Ze nova ceska verze
Oswestry dotazniku (2.1a) je plné zaméni-
telna se starsi verzi ODI a pro dosazeni jed-
notnosti by méla byt pouzivana. ODI dobre
odlisuje pacienty s lumbdlni spindini steno-
zou od zdravych dobrovolnikUl a jevi se pfi-
nosné pouzivani tohoto dotazniku u pa-
cientl s LSS k posouzeni jejich disability.
ODI kvantifikuje anamnesticka data a jeho
vyslednd hodnota napomdéha i pfi rozho-
dovani o dalsim lé¢ebném postupu.

Pouzité zkratky

cT pocitacova tomografie
DKK  dolni koncetiny

LSS lumbalni spindini stendza
MR magnetickd rezonance
NK neurogenni klaudikace
ODI  Oswestry Disability Index
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Abstract

Background and aim The Oswestry Disability Index
(ODI) is an interview-based instrument generally accepted
as a measure of disability in patients with lumbar spinal
stenosis (LSS). There is, however, no generally accepted
measure for neurological impairment in LSS. We therefore
developed a scoring system [neurological impairment score
in lumbar spinal stenosis (NIS-LSS)] for the assessment of
neurological impairment in the lower limbs of patients with
LSS, then performed a validation study to facilitate its
implementation in the routine clinical evaluation of
patients with LSS.

Methods The NIS-LSS is based on the combined evalu-
ation of tendon reflexes, tactile and vibratory sensation,
pareses, and the ability to walk and run; the total score
ranges from O (inability to walk) to 33 points (no impair-
ment). A group of 117 patients with LSS and a control
group of 63 age- and sex-matched healthy volunteers were
assessed with the NIS-LSS to evaluate capacity to dis-
criminate between LSS patients and controls. A correlation
with the ODI was performed for assessment of construct
validity.
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Results The median NIS-LSS was 27 points in LSS
patients compared with 33 points in controls. The NIS-LSS
discriminated LSS patients from healthy controls to a high
degree of significance: the optimum NIS-LSS cut-off value
was 32 points with a sensitivity of 85.5 % and a specificity
of 81.3 % (p < 0.001). Overall NIS-LSS correlated sig-
nificantly with the ODI score (p < 0.001). Vibratory sen-
sation (p = 0.04), presence of paresis (p = 0.01) and
especially the ability to walk and run (p < 0.001) were the
NIS-LSS elements that correlated most closely with the
degree of disability assessed by the ODI.

Conclusions The NIS-LSS is a simple and valid measure
of neurological impairment in the lower limbs of patients
with LSS (without comorbidity), discriminating them from
healthy controls to a high degree of sensitivity and speci-
ficity and correlating closely with the degree of disability.
It extends our ability to quantify neurological status and to
follow changes arising out of the natural course of the
disease or the effects of treatment.

Keywords Oswestry Disability Index -
Lumbar spinal stenosis - Neuromuscular
impairment - Neurogenic claudication

Abbreviations

AUC Area under the curve

CI Confidence interval

CT Computed tomography

JOA Japanese Orthopaedic Association
LSS Lumbar spinal stenosis

MRI Magnetic resonance imaging

NC Neurogenic claudication

NIS-LSS  Neurological impairment score in lumbar
spinal stenosis
NMI Neuromuscular impairment index
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ODI Oswestry disability index

ROC Receiver operating characteristic
SIP Sickness impact profile

VAS Visual analogue scale

Introduction

Various scores and scales are used both in research and
routine clinical practice to assess patient status as exactly
and quantifiably as possible and to evaluate therapeutic
effects in patients with spinal disorders, including those
with LSS. A summary of the most commonly used scales,

questionnaires

and quantified examinations for LSS

patients appears in Table 1 [1-13].

Table 1 The most commonly used scales, questionnaires and quan-
tified examinations for LSS patients (modified by Fritz) [1]

Type of examination
or evaluation

Scale, questionnaire,
parameter

History

Radiological examination

Neurological examination

Generic self-reported level
of health status

Disease-specific self-reported
level of health status (for
patients with low back pain)

Condition-specific self-reported
level of health status (for
patients with LSS)

Self-reported satisfaction with
treatment

Visual analogue scale (VAS)

Pain intensity numerical rating
scale (PI-NRS)

Diameters of the spinal canal,
dural sac cross-sectional area
(CT, MRI and/or myelo-CT)

Neurological impairment score
in lumbar spinal stenosis
(NIS-LSS) [2]

Neuromuscular impairment
index (NMI) [3]

Straight leg raising

Spinal range of motion
Treadmill walking test

Sickness Impact Profile (SIP) [4]

Medical Outcomes Survey
36-item short form (SF-36) [5]

Oswestry Disability Index
(ODI) [6]

Roland Morris Disability
Questionnaire (RDQ) [7]

General Function Score
(GFS) [8]

Quebec Back Pain Disability
Scale [9]

Waddell Disability Index [10]

Swiss Spinal Stenosis
Questionnaire [11]

Beaujon Scoring System [12]

Oxford Claudication Score [13]

Swiss Spinal Stenosis

Questionnaire — patient
satisfaction scale [11]

@ Springer

A visual analogue scale (VAS) for pain, with the patient
expressing the intensity of pain in the graphic form of
variations in a 10-cm horizontal line, is often used in our
department. Another means of pain quantification is a pain
intensity numerical rating scale (PI-NRS), an 11-point
subjective scale from 0 (no pain) to 10 (the worst possible
pain).

The Oswestry Disability Index (ODI) evaluates distur-
bance to the common activities of daily living attributable
to low back pain, quantifies the subjective problems of
patients and reports the level of their disability [6, 14—16].
It consists of ten questions, each of which may be answered
by one of six different statements. The result is expressed
as a percentage (percentage of disability) with 0 % for no
disability and 100 % for maximum disability.

To assess patient satisfaction with treatment, we use the
patient satisfaction scale provided by the Swiss Spinal
Stenosis (SSS) Questionnaire, which consists of six ques-
tions about satisfaction with treatment [11].

As a part of routine clinical examination of patients with
LSS we test walking on a treadmill to objectify neurogenic
claudication and to measure the distance covered before the
onset of difficulty. It has been recorded that subjective
distance perception is poor by patients and increasing
distress appears to have a negative impact on the accuracy
of distance perception [17]. The need for objective mea-
surement of the level of activity in patients with LSS is
emphasized [18].

Although there exists a generally accepted measure of
disability in patients with low back pain, including LSS
patients—the ODI—there is no such widely used measure
of neurological impairment in LSS patients. To remedy this
lack, we developed a score for clinical assessment of the
lower limbs (neurological impairment score in LSS)
derived from our practical experience with LSS patients
(Table 2). The NIS-LSS was originally described as the
Ada-Vo score, an abbreviation derived from the first letters
of its authors’ names (Adamova, Vohanka). The parame-
ters evaluated for the NIS-LSS were selected as the most
frequently described objective clinical features in patients
with LSS. The total score includes assessment of tendon
reflexes, tactile and vibration sensation in the lower limbs,
presence of paresis (stand on tiptoe, on heel, squat) and
ability to walk and run. The score ranges from 0 to 33
points, with the full number of points (33) representing
normal neurological findings in the lower limbs, and 0
points inability to walk [2]. Testing for the score is very
simple and may be included after routine neurological
examination of the lower limbs. However, practical appli-
cation of the score is hindered by the fact that it has not yet
been validated. Stucki et al. [3] created the neuromuscular
impairment index (NMI) to summarize neuromuscular
findings in the lower limbs of patients with LSS. This
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included assessment of pain perception, vibration, muscle
strength and deep tendon reflexes. To the best of our
knowledge, this index has not been extended or validated
and is not commonly used in practice.

The aim of this study was, therefore, to standardize and
validate the NIS-LSS as a measure of neurological
impairment in LSS patients.

Methods
Design

The NIS-LSS and the ODI were evaluated in patients with
LSS and in an age- and sex-matched group of healthy
volunteers. To examine the influence of age, both LSS
patients and controls were further divided into four age
categories: <55, 56-65, 66-75 and 76< years. The diag-
nostic validity of the NIS-LSS in discrimination between
LSS patients and controls was evaluated using receiver
operating characteristics (ROC) curve analysis with deter-
mination of an optimum cut-off value. To evaluate con-
struct convergent validity (the degree of disability as a

Table 2 Neurological impairment score in lumbar spinal stenosis
(NIS-LSS)

Tendon reflexes

Patellar reflex, Achilles tendon reflex, each evoked
reflex 1 point

(0—4 points)

Tactile sensation in lower limbs
Bilaterally normal 4 points
Unilateral abnormal 2 points
Bilaterally abnormal O point
(0—4 points)
Vibration sensation in lower limbs (external ankle)
Bilaterally normal 4 points
Unilateral abnormal 2 points
Bilaterally abnormal 0 point
(0—4 points)
Presence of paresis—stand on tiptoe, stand on heels, squat
Every exercise in one lower limb 1.5 points
(0-9 points)
Walk + run
Ability to run 12 points
Walk without support 9 points
Walk with support of one crutch 6 points
Walk with support of two crutches 3 points
Inability to walk O point
(0-12 points)

Total (0-33 points)

construct) we correlated the NIS-LSS and its parameters
and the ODIL.

This study was reviewed and approved by the local
research ethics committee.

Neurological impairment score in lumbar spinal
stenosis

The evaluation of both the LSS group and the controls was
performed by skilled neurologist. Both lower limbs are
tested and five parameters are assessed:

1. Tendon (myotatic) reflexes in lower limbs, that is, patellar
reflex and Achilles tendon reflex. For each reflex evoked
(using facilitating manoeuvres), the person examined is
given 1 point, potential score 0—4 points.

2. Tactile sensation in lower limbs using a cotton swab. If
there is a dysfunction of tactile sensation in both lower
limbs, the person examined receives O points. If there
is a dysfunction of tactile sensation in only one lower
limb then the score is 2 points. If tactile sensation is
bilaterally normal, the score is 4 points. In our LSS
group, 4 patients out of 117 received 3 points, with
dysfunction of tactile sensation vague in one lower
limb (patient was not completely sure whether a
dysfunction of tactile sensation was present).

3. Vibration sensation in the lower limbs was assessed
using a 128-Hz graduated tuning fork for optimum
accuracy. The vibration threshold is recorded on a
scale from O to 8, with the maximum expressed as
8/8 and minimum O0/8. Vibration sensation was
recorded at the external ankle. The threshold for
vibration increases with age, so we employed two
threshold limits: for those younger than 40 years, the
limit was 6/8, for those over 40, the limit was 4/8
[19, 20].

4. Presence of paresis of lower limbs was assessed by
asking the subject to stand on tiptoe, stand on the
heels, and squat. Each exercise successfully performed
scored 1.5 points (giving a total range of 0-9 points).
Squatting was considered as the ability to stand from a
full squatting position. Wherever the results of these
tests were in doubt (e.g., where the influence of pain or
joint arthrosis appeared possible), the presence of
paresis was verified by isometric muscle testing.

5. Evaluation of ability to walk and run. If the subject
was able to run at least 10 m, 12 points were awarded.
If the person was able to walk this distance without
support he/she received 9 points. Walk with one crutch
scored 6 points, walk with the aid of two crutches
earned 3 points. If the subject was unable to walk, the
score was 0.
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The result of the NIS-LSS is the total number of points
for all of the above, thus within a range of 0-33 points.

The Oswestry Disability Index

The Czech version of the ODI (version 1.0) was given to
the LSS patient group and to the healthy volunteers. The
ODI was completed in writing. Patients and controls were
told how to complete the questionnaire correctly, and the
result expressed as a percentage (thus, per-cent disability).
We used the ODI version 1.0 rather than the recently
recommended version 2.la because no other Czech-lan-
guage version of the ODI was available at the time.

Healthy volunteers

There were 63 people in the group of healthy volunteers.
Medical history and clinical neurological examination were
scrutinised for exclusion criteria.

Exclusion criteria:

1. Current presence of low back pain
Attack of radicular lumbosacral syndrome in medical
history

3. Presence of neurogenic claudication or diagnosis of
LSS

4. Presence of diabetes mellitus or other disease involving
polyneuropathy (e.g. abuse of alcohol, chemotherapy
treatment—to eliminate influence of polyneuropathy on
the results of the NIS-LSS and the ODI)

5. Presence of hip and/or knee joint arthrosis limiting
walking or running

6. Presence of arteriosclerotic peripheral vascular disease
of the lower limbs limiting walking

7. Presence of any other serious comorbidity that could
influence the results of the NIS-LSS or the ODI (e.g.
central paresis of lower limbs, myopathy).

Patients with LSS

There were 117 patients in the clinically symptomatic LSS

group.
Inclusion criteria:

1. Clinically symptomatic LSS (presence of neurogenic
claudication and/or low back pain radiating below the
knee to one or both limbs).

2. Presence of central LSS (an osteoligamentous narrow-
ing of the lumbar spinal canal) at one level at least,
established by CT or MRI of lumbar spine.

The CT criteria for central stenosis have been described
in detail in a previous study of ours [21]. Anteroposterior
and transverse interarticular diameters were measured at
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Table 3 Basic characteristics of the groups examined (healthy vol-
unteers and patients with LSS)

b

Patients Healthy P
with controls
LSS
Sample size, n 117 63 -
Sex—males, n (%) 57 (48.7) 32 (50.8) 0.788
Age®
Total 64 (42-80) 65 (44-83)  0.954
Males 61 (42-77) 65 (43-79)  0.611
Females 66 (42-80) 67 (46-85)  0.793
Age categories—total, n (%)
<55 41 (35.0) 17 (27.0) 0.109
56-65 23 (19.7) 15 (23.8)
66-75 41 (35.0) 17 (27.0)
76< 12 (10.3) 14 (22.2)
Age categories—males, n (%)
<55 19 (33.3) 7 (21.9) 0.251
56-65 15 (26.3) 12 (37.5)
66-75 18 (31.6) 7 (21.9)
76< 5 (8.8) 6 (18.8)
Age categories—females, n (%)
<55 22 (36.7) 10 (32.3) 0.388
56-65 8 (13.3) 3(9.7)
66-75 23 (38.3) 10 (32.3)
76< 7 (11.7) 8 (25.8)
Oswestry Disability Index (1.0)* 44 (12-71) 0 (0-13)  <0.001
NIS-LSS* 27 (14-33) 33 (29-33) <0.001

# Categorical data are described by absolute number and percentage
of patients in the given category; continuous variables are described
by median and 5th-95th percentile

® Statistical significance of difference between groups is tested by
ML-* test for categorical data and by Mann-Whitney U test for
continuous parameters

three levels (L3-S1) and a morphological evaluation was
also carried out (presence of spondylosis, facet joint
arthrosis and hypertrophy of the ligamenta compromising
the nervous structures). The presence of central stenosis on
MRI of the lumbar spine was considered in morphological
terms as encroachment on the thecal sac with compression
of nervous structures. Correlation between clinical and
radiological findings was essential.
Exclusion criteria:

1. Presence of diabetes mellitus or other disease involving
polyneuropathy (e.g. abuse of alcohol, chemotherapy
treatment—to eliminate the influence of polyneuropathy
on the results of the NIS-LSS and the ODI)
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2. Presence of hip and/or knee joint arthrosis limiting
walking or running

3. Presence of arteriosclerotic peripheral vascular disease
of the lower limbs limiting walking

4. Presence of any other serious comorbidity that could
influence the results of the NIS-LSS and the ODI score
(e.g. central paresis of lower limbs, myopathy).

Statistical approaches

Standard robust summary statistics were used to describe
primary data (age, the ODI score and the NIS-LSS): rela-
tive and absolute frequencies, median supplied with the
5th-95th percentile range. The ML- test was employed to
compare experimental variants in categorical variables and
the non-parametric Mann—Whitney U test and Kruskal-
Wallis test were used for comparison of variants on the
basis of continuous variables. The correlation between the
NIS-LSS and the ODI was quantified using Spearman’s
rank correlation coefficient (r5). The diagnostic power of
the score examined was assessed on the basis of ROC

curves supplemented by estimates of sensitivity and spec-
ificity. A value o = 0.05 was used as the limit of statistical
significance in all analyses performed. The SPSS for
Windows statistical package (Rel. 12.0.1, 2003, Chicago;
SPSS Inc) was employed.

Results

The basic characteristics of the two groups are given in
Table 3; they did not differ in age and sex. The median
NIS-LSS for patients with LSS was 27 points, for healthy
volunteers 33; the median ODI for patients with LSS was
44 %, for healthy volunteers 0 % (Table 3). The NIS-LSS
and the ODI values for each age category and gender are
shown in Table 4. The NIS-LSS values are significantly
different in patients with LSS when compared with healthy
volunteers, for all age and sex categories. Furthermore, it is
interesting to note a trend towards decreasing NIS-LSS in
older patients with LSS that is not present in the healthy
controls.

Table 4 Comparison of the Oswestry Disability Index (1.0) and the NIS-LSS between patients with LSS and healthy controls

Oswestry Disability Index (1.0) NIS-LSS
Patients with LSS* Healthy controls® p value® Patients with LSS* Healthy controls® p value®
(N =117) (N = 63) (N = 117) (N = 63)
Total 44 (12-71) 0 (0-13) <0.001 27 (14-33) 33 (29-33) <0.001
Sex
Males 40 (10-62) 0 (0-13) <0.001 27 (17-33) 33 (29-33) <0.001
Females 49 (18-71) 0 (0-16) <0.001 27 (13-33) 33 (28-33) <0.001
Age categories—total
<55 40 (16-71) 0 (0-7) <0.001 30 (22-33) 33 (33-33) <0.001
56-65 46 (12-68) 2 (0-11) <0.001 27 (19-32) 33 (31-33) <0.001
66-75 40 (13-64) 0 (0-24) <0.001 25 (13-32) 33 (28-33) <0.001
76< 64 (26-71) 0 (0-16) <0.001 22 (13-29) 32 (27-33) <0.001
Age categories—males
<55 36 (0-76) 0 (0-4) <0.001 30 (20-33) 33 (33-33) 0.001
56-65 46 (6-60) 2 (0-7) <0.001 25 (17-32) 33 (31-33) <0.001
66-75 39 (10-62) 0 (0-16) <0.001 24 (14-33) 33 (29-33) 0.001
76< 47 (26-64) 0 (0-13) 0.005 22 (19-29) 32 (27-33) 0.010
Age categories—females
<55 54 (22-71) 0 (0-7) <0.001 31 (22-33) 33 (33-33) <0.001
56-65 44 (22-70) 4 (2-11) 0.014 29 (23-32) 33 (33-33) 0.013
66-75 42 (13-71) 0 (0-24) <0.001 25 (12-32) 33 (28-33) <0.001
76< 66 (56-71) 0 (0-16) 0.001 21 (13-28) 32 (28-33) 0.001

* The Oswestry Disability Index and the NIS-LSS are summarized as the median supplied with 5th-95th percentile range

® Mann-Whitney U test: p value

@ Springer



1902

Eur Spine J (2013) 22:1897-1906

Correlation with the ODI was performed in order to
validate the NIS-LSS (assessment of convergent construct
validity). This demonstrated that the two scores correlate
very well (Spearman’s correlation coefficient = —0.739,
p < 0.001), holding true for all age categories and both sex
categories (Table 5).

The NIS-LSS values obtained were also assessed in
terms of the ODI categories of disability level, in which
the ODI 0-20 % is equivalent to minimal disability,
21-40 % moderate disability, 41-60 % severe disability,
61-80 % crippled, and 81-100 % represents patients who
are either bed-bound or exaggerating their symptoms. No
ODI was higher than 80 % in this study, leaving the
remaining four categories to be assessed. It was con-
firmed once more that the NIS-LSS correlates with the
ODI; it significantly discriminates out the first and second
ODI categories but differences did not achieve signifi-
cance for the third and fourth ODI categories (Table 6,
Fig. 1).

Each parameter of the NIS-LSS in healthy volunteers
and in patients with LSS was analysed. At least one tendon
reflex in the lower limbs was absent in 76.9 % of LSS
patients (19 % of controls). Failure of tactile sensation in at
least one lower limb was disclosed in 55.6 % of LSS
patients (0 % of controls). Failure of vibratory sensation in
at least one lower limb was observed in 24.8 % of LSS
patients (9.5 % of controls). Paresis was present in 41 % of
LSS patients (0 % of controls), while 47 % of LSS patients
were able to run the 10 m compared to 95.2 % of healthy
controls (Table 7).

The correlation of each NIS-LSS parameter with the
ODI categories in LSS patients was examined and some
statistically significant correlations emerged: vibratory
sensation (p = 0.04), presence of paresis (p = 0.01) and
especially the ability to walk and run (p < 0.001)
(Table 8).

An ROC analysis for the NIS-LSS as a potential
predictor of LSS was performed (Fig. 2) and an optimum
cut-off value established at 32 points, to a sensitivity of
85.5 % and specificity of 81.3 % (p < 0.001) (Table 9).

Discussion

This study introduces a new score for the assessment of
neurological findings in the lower limbs of patients with
LSS. To the best of our knowledge, a similar validated
score has not been yet described in the literature. It was felt
that a simple quantification of neurological findings in LSS
patients would be a useful addition to diagnostic, prog-
nostic and follow-up procedures. The study also demon-
strates very good correlation between the results of the
NIS-LSS and disability evaluated by the ODI.
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Table 5 Correlation between the NIS-LSS and the Oswestry Dis-
ability Index (1.0)

Total
N Spearman’s correlation coefficient

Total 180 ry = —0.739 (<0.001)
Sex

Males 89 rs = —0.729 (<0.001)

Females 91 re = —0.770 (<0.001)
Age categories—total

<55 58 ry = —0.745 (<0.001)

56-65 38 ry = —0.782 (<0.001)

66-75 58 ry = —0.775 (<0.001)

76< 26 ry = —0.807 (<0.001)
Age categories—males

<55 26 ry = —0.622 (<0.001)

56-65 27 rs = —0.807 (<0.001)

66-75 25 ry = —0.787 (<0.001)

76< 11 re = —0.727 (0.011)
Age categories—females

<55 32 ry = —0.854 (<0.001)

56-65 11 ry = —0.809 (0.003)

66-75 33 re = —0.777 (<0.001)

76< 15 ry = —0.856 (<0.001)

Table 6 Values of the NIS-LSS in the Oswestry Disability Index
(1.0) categories

Oswestry NIS-LSS
Disability - -
Index 1.0 (%) Total Patients with Healthy

(N = 180) LSS (N = 117) controls

(N = 63)
N  Median N  Median N  Median
(5-95 %) (5-95 %) (5-95 %)

0-20 74 33 (25-33) 12 29 (20-33) 62 33 (30-33)
21-40 42 30 (21-33) 41 30(21-33) 1 28(28-28)
41-60 43 27 (14-32) 43 27(14-32) 0 -
61-80 21 21(13-29) 21 21(13-29) O -
81-100 0 0 0

Stucki et al. [3] developed a NMI to assess neurological
findings in patients with LSS, but their approach has not
been extended into common practice. The NIS-LSS, like
the NMI, evaluates tendon reflexes in the lower limbs,
vibratory sensation and muscle strength. However, in
contrast to the NMI, the NIS-LSS evaluates tactile sensa-
tion rather than painful sensation and, furthermore, the
locomotive ability (walking and running). Stucki et al. [3]
examined the association between neuromuscular impair-
ment (expressed by the NMI) and physical functional sta-
tus, which was assessed with the physical dimension of the
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Fig. 1 The NIS-LSS in the Oswestry Disability Index (1.0) catego-
ries. 1Comparison of the NIS-LSS among the ODI categories was
performed by Kruskal-Wallis test. Multiple comparisons of mean
ranks method was used to determine the difference between
individual groups. a, b, c—Same letters denote homogeneous groups

Sickness Impact Profile (P-SIP), which consists of three
subscales measuring mobility, ambulation and body care
and management. The neuromuscular index was signifi-
cantly but weakly related to P-SIP.

Some authors use the Japanese Orthopaedic Association
(JOA) score for lumbar diseases to assess the severity of
neurological impairment. This comprises four categories:
subjective symptoms, clinical signs, restriction of activities
of daily living and urinary bladder function [22, 23]. The
clinical signs evaluated to establish this score include
assessments of straight leg raising test, sensory disturbance
and motor disturbance. In our opinion, the drawbacks of
this score include its combination of subjective and
objective evaluation and insufficiently detailed assessment
of the objective neurological impairment.

Several NIS-LSS parameters exhibited statistically sig-
nificant correlations with the ODI in the current study:
vibration sensation, presence of paresis and ability to walk
and run. Among the components of the NMI, patellar
tendon reflexes and vibration sensation had a significant
relationship with the P-SIP. Reduced ankle reflex, muscle
weakness and painful sensation in the lower extremities
were not related to physical function status (P-SIP) [3].

Several reasons may be suggested for the different
degree of correlation between these two scales (the NIS-
LSS and the NMI) and their parameters and disability, or
rather with physical functional status. Firstly, the NIS-LSS

Table 7 NIS-LSS

L NIS-LSS
parameters—description

Total (N = 180)

Patients with LSS (N = 117) Healthy controls (N = 63)

Tendon reflexes, n (%)

0 point 17 (9.4 %)
1 point 14 (7.8 %)
2 points 33 (18.3 %)
3 points 38 (21.1 %)
4 points 78 (43.3 %)
Tactile sensation, n (%)
0 point 9 (5 %)
2 points 52 (28.9 %)
3 points 4 (2.2 %)
4 points 115 (63.9 %)
Vibration sensation, n (%)
0 point 15 (8.3 %)
2 points 20 (11.1 %)
4 points 145 (80.6 %)
Presence of paresis, n (%)
3 points 4 (2.2 %)
4.5 points 5 (2.8 %)
6 points 17 (9.4 %)
7.5 points 22 (12.2 %)
9 points 132 (73.3 %)
Walk + run, n (%)
3 points 10 (5.6 %)
6 points 12 (6.7 %)
9 points 43 (239 %)
12 points 115 (63.9 %)

17 (14.5 %) 0 (0 %)
13 (11.1 %) 1(1.6 %)
28 (23.9 %) 5(7.9 %)
32 (274 %) 6 (9.5 %)
27 (23.1 %) 51 (81 %)

9 (7.7 %) 0 (0 %)
52 (44.4 %) 0 (0 %)

4 (34 %) 0 (0 %)
52 (44.4 %) 63 (100 %)
14 (12 %) 1 (1.6 %)
15 (12.8 %) 5(7.9 %)
88 (75.2 %) 57 (90.5 %)

4 (3.4 %) 0 (0 %)

5 (4.3 %) 0 (0 %)

17 (14.5 %) 0 (0 %)
22 (18.8 %) 0 (0 %)
69 (59 %) 63 (100 %)
10 (8.5 %) 0 (0 %)
12 (10.3 %) 0 (0 %)
40 (34.2 %) 3 (4.8 %)
55 (47 %) 60 (95.2 %)
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IE?;)-IESSS Cp;):;frl;g;rsl \())vfitt}?ihe NIS-LSS Oswestry Disability Index (1.0) Spearman’s correlation
ODI categories in patients with 0-20 21-40 41-60 61-80
LSS
Tendon reflexes, n (%)
0 point 1(5.9) 3 (17.6) 9 (52.9) 4(23.5) —0.163 (p = 0.079)
1 point 1(7.7) 6 (46.2) 3(23.1) 3(23.1)
2 points 4 (14.3) 8 (28.6) 11 (39.3) 5(17.9)
3 points 3094 11 (34.4) 11 (34.4) 7(21.9)
4 points 3(11.1) 13 (48.1) 9 (33.3) 2 (7.4)
Tactile sensation, n (%)
0 point 0 (0) 2 (22.2) 4 (44.4) 3(33.3) —0.170 (p = 0.068)
2 points 5(9.6) 17 (32.7) 19 (36.5) 11 (21.2)
3 points 2 (50.0) 0 (0) 1 (25.0) 1 (25.0)
4 points 5(9.6) 22 (42.3) 19 (36.5) 6 (11.5)
Vibration sensation, n (%)
0 point 3(21.4) 2 (14.3) 5(35.7) 4 (28.6) —0.191 (p = 0.040)
2 points 0 (0) 3 (20) 7 (46.7) 5(33.3)
4 points 9 (10.2) 36 (40.9) 31 (35.2) 12 (13.6)
Presence of paresis, n (%)
3 points 0 (0) 0 (0) 3 (75.0) 1(25.0) —0.238 (p = 0.010)
4.5 points 0 (0) 0 (0) 3 (60.0) 2 (40.0)
6 points 4 (23.5) 5(29.4) 3 (17.6) 5(29.4)
7.5 points 0 (0) 7 (31.8) 9 (40.9) 6 (27.3)
9 points 8 (11.6) 29 (42.0) 25 (36.2) 7 (10.1)
Walk + run, n (%)
3 points 0 (0) 0 (0) 4 (40.0) 6 (60.0) —0.575 (p < 0.001)
6 points 0 (0) 2 (16.7) 5 41.7) 5 41.7)
9 points 3(7.5) 9 (22.5) 18 (45.0) 10 (25.0)
12 points 9 (16.4) 30 (54.5) 16 (29.1) 0 (0)
1.0 4

includes evaluation of the ability of walk and run and this
parameter features strongly in the score (12 points avail-
able out of 33); we assume that this parameter reflects
physical functional status clearly and expresses the degree
of disability.

Furthermore, we consider that the ODI is more conve-
nient for the assessment of LSS patient condition. The ODI
focuses on patients with low back pain unlike the SIP,
which is more general and less specific.

Another limitation of the NMI study performed by
Stucki et al. is the fact that their neuromuscular findings in
lower limbs were evaluated by surgeons rather than neu-
rologists and that the NMI was a calculated secondary
value—data were collected by chart abstraction using
physician notes.

Various studies demonstrate that variability of clinical
features in patients with LSS is wide. In meta-analysis of
74 studies, objective weakness of the lower limbs emerged
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Fig. 2 ROC curve for the NIS-LSS as potential predictor of LSS
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Table 9 ROC curve for the NIS-LSS as potential predictor of LSS

Parameter AUC p* Optimal Sensitivity® Specificity®
(95 % CI)* cut-off® (95 % CI) (95 % CI)
NIS-LSS 0.90 (0.85; 0.94) <0.001 <32 85.5 % (77.8-91.3) 81.3 % (69.5-89.9)

% Area under the curve supplemented by 95 % confidence interval and statistical significance

® Optimal cut-off for diagnostically relevant binary coding of the parameter

¢ Sensitivity and specificity for given cut-off

in 14-100 % of patients (average 51 %) [24]. In a previous
study, we demonstrated paresis in 29 % of patients with
LSS [25]. Stucki et al. [3] described paresis in 29 % of LSS
patients. In the current study, paresis was disclosed by
neurological examination in 41 % of patients with LSS.
The differences between studies may arise out of selection
of patients with LSS (e.g., whether a study includes
patients with mild LSS for conservative treatment and/or
patients with severe LSS intended for surgery). Evaluation
of weakness in the lower extremities may also vary. It is
important to differentiate between weakness objectified by
neurological examination and that described subjectively
by patients. Self-perceived weakness, which measures
subjective weakness with exertion, was reported by 87 %
of LSS patients although examination disclosed it in only
29 %. Objective sensory deficit was described by an
average of 52 % of LSS patients (range 15-91 %) [24]. In
this study, deficit of tactile sensation in at least one lower
limb was disclosed in 55.6 % of patients with LSS.

It was noted that loss of vibratory sensation in LSS
patients was strongly correlated with self-reported balance
disturbance and had a significant relationship with physical
functional status in patients with LSS [3]. Impairment of
vibratory sensation in at least one lower limb was present
in 24.8 % of patients with LSS in this study, in contrast to
that of Stucki and al., who recorded these deficits in 86.9 %
of LSS subjects. The difference between the two studies
may derive from the methods used to evaluate vibratory
sensation; in this study, patients were examined by a
neurologist using a graduated tuning fork and results were
categorized with respect to age-related normative data,
while the examination was not described in detail in the
Stucki study.

In this study, a trend was observed towards a decrease in
the NIS-LSS with age of LSS patients, which was not
paralleled by healthy controls. This trend could be probably
explained by the fact that elderly patients have longer
duration of LSS and some deterioration of neurological
status may also be dependent on duration of the disease.
Stucki et al. also noted a statistically significant correlation
between age and the NML.

The NIS-LSS has several limitations, particularly in that
it is not suitable for patients with polymorbidity. In such

patients, the NIS-LSS may be influenced by other diseases,
e.g. the presence of polyneuropathy, hip or knee joint
arthrosis limiting locomotive ability (walking and running)
or diseases that result in muscle weakness or gait distur-
bance. A further limitation of the NIS-LSS is possible
incorrect assessment of NIS-LSS parameters, especially in
less co-operative patients. Finally, the choice of patients
with respect to severity was not proportional, since
patients with a mild-to-moderate degree of involvement
predominated.

The outstanding advantage of the NIS-LSS is its sim-
plicity and ease of realization. A routine neurological
examination is sufficient for calculation of the score. We
anticipate its use for long-term follow-up of neurological
status and for evaluation of treatment effect in patients with
LSS.

Conclusions

The NIS-LSS quantifies neurological findings in the lower
limbs.

The NIS-LSS significantly discriminated between
patients with LSS and healthy controls and correlation
between this score and disability was demonstrated in
patients with LSS.

The applicability of the NIS-LSS to patients with LSS
(without comorbidity) was confirmed.

We anticipate that the main contribution of this score
will be in the long-term follow-up of neurological status
and for assessment of treatment effect in patients with LSS.

Conlflict of interest None.
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Kvantifikace postizeni u pacientu s lumbalni

spinalni sten6zou

Quantification of Impairment in Patients with Lumbar Spinal Stenosis

Souhrn

Kvantifikace postizeni u pacientd s lumbalni spindlni sten6zou (LSS) by méla byt zalozena
na zhodnoceni tize klinického postizeni a jeho dopadu na kvalitu Zivota pacienta, neméla
by vychdzet z posuzovaéni tize radiologickych zmén. Pro tyto tcely se pouZivaji riizné hodno-
tici Skaly a skére. Davodi pro provadéni kvantifikace je vice: umoZiiuje piesnéjsi posouzeni
stavu pacienta, ma svij vyznam pfi hodnoceni dlouhodobého klinického vyvoje pacienta
i hodnoceni efektu Ié¢by a rovn&z napoméha pii wbé&ru nejvhodnéjsiho lé¢ebného postupu
u pacienta. V ¢lanku jsou probrany 3kaly, skére a méfeni, ktera b&zné vyuzivame v klinické
praxi u pacientd s LSS. Mezi né patifi vizualni analogova skala bolesti & numericka skala inten-
zity bolesti, skére neurologického postizeni u lumbdlini spinalni stendzy, Oswestry dotaznik,
zhodnoceni uslé vzdalenosti na mechanickém chodniku. Na zékladé zhodnoceni bolesti po-
moci numerické Skaly intenzity bolesti, disability pomoci Oswestry dotazniku a uslé vzdale-
nosti hodnocené na mechanickém chodniku navrhujeme kritéria pro orientaéni zhodnoceni
tize LSS a z tohoto vyplyvajici volbu lé¢ebného postupu (konzervativni & opera¢ni terapie).

Abstract

Quantification of impairment in patients with lumbar spinal stenosis (LSS) should be based
on assessment of the severity of clinical impairment and its impact on patient disability,
rather than derived from a relative analysis of radiological findings. A range of scores and
scales are used to assess patient status and there are several valid reasons why impairment
should be quantified, including accurate assessment of patient status, evaluation of long-
term clinical outcome and therapeutic efficacy, and help with the choice of optimal treat-
ment modality. This article addresses the scales, questionnaires and quantified assessments
that the authors often use in patients with LSS, namely a visual analogue scale for pain or
a pain intensity numerical rating scale, the neurological impairment score in lumbar spinal
stenosis, the Oswestry Disability Index and measuring of distance covered on a treadmill. We
propose criteria for the assessment of LSS severity that may be useful in selecting a treatment
(conservative or surgical therapy). These are based on the evaluation of pain using a pain
intensity numerical rating scale, assessment of disability using the Oswestry Disability Index
and analysis of distance covered on a treadmill.

Pouzité zkratky
DKK dolni koncetiny
LSS lumbdlni spindlni stendza
NIS-LSS  Neurological Impairment Score in Lumbar Spinal Stenosis
(skére neurologického postizeni u lumbalni spinalni stendzy)
NK neurogenni klaudikace
ODI Oswestry Disability Index
PI-NRS  Pain Intensity Numerical Rating Scale (numerick4 3kéla intenzity bolesti)
VAS vizudlni analogova 3kéla
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KVANTIFIKACE POSTIZENI U PACIENTU S LUMBALNI SPINALNI STENOZOU

Uvod

Lumbélni spindini stendza (LSS) je defino-
vana jako zlzeni patefniho nebo kofeno-
vého kanalu osteoligamentdzniho pivodu
v bedernim useku patefe, které je klinicky
manifestni [1]. Za lumbalni spinaini stendzu
se nepovaZuje zUzeni patefniho kanalu na
podkladé akutniho vyhfezu meziobrat-
lového disku. LSS se vyznacuje zmense-
nfm prostoru pro nervové a cévni struktury
v bederni patefi, pficemz symptomy jsou
zptsobeny bud' pfimou mechanickou kom-
presi, nebo nepfimou vaskularni kompresf
nervovych kofend nebo kaudy equiny [2].
Vétsina autord se domniva, a klinickd praxe
to potvrzuje, Ze se jedna o ¢astou chorobu
vyssiho véku, ktera pfispiva k omezeni mo-
bility star3ich pacientdi. Pfevazujicim vékem
zaCatku potiZi je 6. dekada.

LSS se mlZe manifestovat neurogen-
nimi klaudikacemi, radikularnim syndro-
mem ¢i syndromem kaudy equiny. Tra-
dicné jsou do obrazu LSS fazeny i bolesti
dolni ¢asti zad, nejde v3ak o projev ste-
nézy jako takové, ale o projev spondyldzy
a spondylartrozy, které jsou hlavni prici-
nou stenozujictho procesu. Neurogenni
klaudikace jsou pro LSS charakteristickym
pfiznakem a vyznacuji se tim, Ze po ur-
Cité dobé stani ¢i chlze ve vzpfimené po-
loze vznikajf bolesti, parestezie a nasledné
i slabost dolnich koncetin, kterd mize
vést az k paddm.

Je znamo, Ze u pacientd s bolestmi
dolni ¢asti zad je béZné pozorovana ne-
shoda mezi radiologickym a klinickym na-
lezem. Posuzovani tize lumbalni spinalni
stenozy by mélo byt zaloZzeno na zhodno-
ceni miry klinického postizeni a jeho do-
padu na disabilitu pacienta, nemélo by
vychézet z posuzovani tize radiologickych
zmén. Pro tyto Ucely pouzivame rdzné
hodnotici $kaly a skére, o kterych bude
déle pojednéno.

Diivody kvantifikace postizeni
Kvantifikace postizeni u vertebrogen-
nich pacientd, a tedy i u pacientl s LSS,
se pouziva nejen v klinickych studiich, ale
i v b&zné klinické praxi. Davodd pro uzi-
vani kvantifikace je vice: umoznuje pres-
néjsi a méfitelné posouzeni stavu pa-
cienta, ma svidj vyznam pfi hodnoceni
dlouhodobého klinického vyvoje pacienta
a hodnoceni efektu Iécby a rovnéz napo-
maha pfi vybéru nejvhodnéjsiho |éceb-
ného postupu.

Velmi dilezita je klinicka interpretace
vysledku ziskaného vyhodnocenim dotaz-
niku. | kdyz zména skore mize byt sta-
tisticky signifikantni, nemusi to nezbytné
znamenat, Ze zména je klinicky vyznamna.
Byl proto definovan pojem , minimalnf kli-
nicky vyznamny rozdil”, a to jako nej-
men3i rozdil ve skére, ktery pacient vnima
jako uZiteCny [3]. Problémem je rovnéz

Typ vysetieni

Tab. 1. Vy3etieni, skaly a dotazniky uzivané pfi hodnoceni pacientt s LSS
(modifikovano dle Fritzové et al) [5].

Skala, dotaznik, popf. parametr
pro zhodnoceni

anamnéza

neurologické vysetieni

zhodnoceni celkové (vieobecné)
urovné zdravotniho stavu pacientem

zhodnoceni trovné zdravotniho
stavu pacientem ve vztahu ke spe-
cifickému onemocnéni (zde mi-
néno bolesti dolni ¢asti zad)

zhodnoceni tGrovné zdravotniho
stavu pacientem ve vztahu ke spe-
cifickym potizim (zde minéno LSS)

spokojenost s lé¢bou dle pacienta

vizudlni analogova skéla bolesti (VAS)
numericka Skala intenzity bolesti (PI-NRS)
skore neurologického postizeni u LSS (NIS-LSS) [6]
rozsah hybnosti patefe

test na mechanickém chodniku

Sickness Impact Profile (SIP) [7]

dotaznik SF-36 [8]

Oswestry dotaznik (ODI) [9]

dotaznik nezpusobilosti podle Rolanda

a Morrise (RDQ) [10]

General Function Score (GFS) [11]

Svycarsky dotaznik pro spindini stenézu [12]
Beaujonsky skérovaci systém [13]

soutast Svycarského dotazniku pro spinalni ste-
nézu [12]

vztah minimalnfho klinicky vyznamného
rozdilu a nepfesnosti dotazniku. Existuje
riziko, Ze zména ve skore vyjadfuje pouze
nepfesnost dotazniku a ne pravy rozdil.
Pokud tedy nepfesnost pfesahuje mini-
malni klinicky vyznamny rozdil, uzite¢nost
dotazniku muze byt sporna [4].

Moznosti kvantifikace postizeni
U pacientl s bolesti dolni ¢asti zad jsou
vyuzivany rzné hodnotici Skaly a skére.
V soucasnosti se stale vétsi pozornost vé-
nuje Skalam, ve kterych hodnoti svij stav
sam pacient, coZ je dano tim, Ze cilem
lécby je zejména zlepSeni funkéniho stavu
a kvality Zivota pacienta. Do pozadi tedy
ustupuje dfive bézné uzivané hodnoceni
lékafem (vysledek lécby byl ¢asto hod-
nocen jako vyborny, dobry, pfijatelny
nebo 3patny) a stéle vice se uplatiuje
hodnoceni bolesti a disability samotnym
pacientem [4].

Pfi vyhodnoceni stavu pacienta a vy-
sledkt lé¢by je nutné analyzovat vice fak-
tord. Hodnoceni nemocného s bolesti
dolni &asti zad je mozné obecné provést
ze tii aspektl:

1. zhodnoceni objektivniho nalezu (napf.
kvantifikace neurologického nalezu),
2. zhodnoceni vykonnosti nemocného

(napf. schopnost ujit uritou vzdale-

nost, schopnost sedét, stat ¢i nést ur-

¢ité bfemeno),
3. posouzeni socidlni disability a Zivotni
spokojenosti.

Skaly a méfeni Ize tedy pouzit pfi hodno-
ceni fady Udajl a nélezd, napf. anamne-
stickych dat, objektivniho neurologického
nalezu, zhodnocenl zdravotniho stavu,
a to jak celkového, tak ve vztahu ke speci-
fickému onemocnéni, posouzeni spokoje-
nosti s lé¢bou. Pfiklady dotaznikt, méreni
a Skal vyuzivanych pfi hodnoceni pacient(
s LSS jsou uvedeny v tab. 1. Dale budou
podrobnéji probrany Skaly a skore, které
bézné vyuzivame v klinické praxi u pa-
cientd s LSS.

Vizudlni analogova 3kala bolesti
(VAS) se vyuziva ke kvantifikaci bolesti,
coZ provadi sam pacient. VAS umozfiuje
vyjadfit bolest graficky, pouziva se Usecka
o délce 10cm, vypada jako pravitko, jejf
levy konec je oznacen jako ,zadna bo-
lest” (0) a pravy konec jako ,nejhorsi
bolest, jakou si umim predstavit” (10).
Pacient na Uselce oznadi bod, ktery zna-
zornuje intenzitu vnimané bolesti, pfi
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hodnoceni se odetita pocet centimetrd
od levého okraje.

Misto Skaly od 0 do 10 je mozno vy-
uzit skalu 0 az 100 (pfi hodnoceni se ode-
¢ita pocet milimetrti od levého okraje). Za
minimalnf klinicky vyznamny rozdil u této
Skaly jsou povaZovany hodnoty 18 az 19.
VAS je pokladana za dostate¢né citli-
vou pro detekci minimalnich klinicky vy-
znamnych zmén [4]. U pacientl s LSS je
vhodné oddélené zjistovat uroven bolesti
v dolnich koncetinach a v zadech a dale
i iroven bolesti klidové (vsedé, vleze) a pfi
stani & chlzi, coz je dano tim, Ze pacient
s LSS muZe mit pouze neurogennf klaudi-
kace a nemusi mit Zadné klidové bolesti.

Dale se vyuzivd i 11bodova numericka
skdla intenzity bolesti (Pain Inten-
sity Numerical Rating Scale, PI-NRS),
kdy pacient verbalné hodnoti svou bo-
lest cislem od 0 do 10. Hodnota 0 zna-
mena Zadna bolest, hodnota 10 nejhorsi
bolest, jakou si pacient umi pfedstavit.
Hodnoty 1-3 se povaZuji za mirnou bo-
lest, 4—6 za stifedni bolest a 7-10 za téz-
kou bolest. Za klinicky vyznamny rozdil je
vétSinou povazovana redukce o 2 body
nebo o 30 % na této Skale [14]. NRS ve
srovnani s VAS je jednodussi, uZiti nevy-
Zaduje zadné pomfcky, stali pouze ver-
baln( kontakt, je tedy vhodna i pro telefo-
nicky kontakt s pacientem. S VAS mohou
mit potize starsi pacienti, pacienti s vizual-
nim ¢i kognitivnim postizenim. Byla zjis-
téna vyznamné a staticky signifikantni
korelace mezi VAS a NRS (r = 0,847,
p < 0,001) [15].

Skore neurologického postizeni
u lumbalni spinalni stendzy (NIS-LSS,
Neurological Impairment Score in Lum-
bar Spinal Stenosis), dfive oznafované
jako skore Ada-Vo (zkratka Ada-Vo byla
odvozena od pocatecnich pismen au-
torll tohoto skére — Adamova, Voharika),
bylo vypracovéano na naSem pracovisti
pro zhodnoceni neuroclogického nalezu
na dolnich koncetinach u pacientd s LSS
(tab. 2). Dlvodem pro vytvofeni tohoto
skore byla skute¢nost, ze dosud neexis-
tovalo obdobné bézné rozsifené skore.
Skére zahrnuje hodnoceni 3lachovych
a okosticovych reflext na DKK, taktilniho
a vibracniho ¢iti na DKK, hodnoti pfi-
tomnost paréz (schopnost stoje na 3pic-
kach, na patach a dfep) a déle schopnost
chlize a béhu. Vysledek mize nabyvat
hodnot od 0 do 33 bodd, pficemz plny
pocet bod znamena zcela normalni neu-

flex na jedné konéeting

Taktilni ¢iti na DKK
neporuseno oboustranné
porudeno na jedné DK
poruseno oboustranné

Vibraéni &iti na DKK (zevni kotnik)
neporuseno oboustranné

porudeno na jedné DK

porudeno oboustranné

Stoj na $picky, na paty, dfep
za kazdy cvik

Chize + béh

béhu schopen

chlize bez opory

chlize s oporou jedné hole
chlize s oporou dvou holi
chize neschopen

Celkem

Tab. 2. Skore neurologického postiZzeni u LSS (NIS-LSS).

Reflexy $lachové a okosticové na DKK
reflex patelarni, reflex slachy Achillovy, za kazdy pfitomny re-

(pokud vézne pouze na jedné DK, tak 1,5 bodu)

1 bod
(04 b.)

4 body
2 body
0 bod
(04 b.)

4 body

2 body
0 bodt

(0-4b.)

3 body

(0-9 b.)

12 bod
9 boda
6 bodu
3 body
0 bodud
(012 b.)

(0-33b.)

rologicky nalez na dolnich koncetinach,
0 bodt pak uUplnou neschopnost samo-
statné lokomoce. Skére je jednoduché
a lze jej stanovit pfi b&Zném neurologic-
kém vysetfeni DKK.

Rovnéz jsme provedli standardizaci
a validaci NIS-LSS. Prokazali jsme, Ze
skore signifikantné odliSuje pacienty s LSS
od zdravych osob, a byla prokazéana ko-
relace mezi timto skérem a disabilitou
pacientl s LSS [6]. Byla stanovena i op-
timalni cut-off hodnota, ktera cini 32,
pfitemz senzitivita je 85,5 % a specifi-
cita 81,3 % (p < 0,001). Ovéfili jsme tedy
dobrou pouzitelnost skoére NIS-LSS u pa-
cientd s LSS. Toto skéore ma viak i sva
omezeni. Neni vhodné pro polymorbidni
pacienty, u kterych vysledek skore mize
byt ovlivnén jinymi nemocemi (napf. pfi-
tomnosti polyneuropatie, pfitomnosti
koxartrézy a gonartrézy limitujicich hyb-
nost atd.). Jeho pfinos a vyuziti vidime ze-
jména pfi dlouhodobém sledovéani a hod-
noceni efektu lé¢by pacient( s LSS.

Patognomickym pfiznakem LSS jsou
neurogenni klaudikace, které omezuji
pacienta pfi chdzi. Z tohoto divodu je
cenné vysetfeni na mechanickém (po-

hyblivém) chodniku [treadmill], jez ob-
jektivizuje pacientovy potize pfi chizi
a hodnoti vzdélenost, kterou nemocny
ujde do vzniku potizi. Pfi tomto vySetfeni
se mohou rovnéZ manifestovat reflexo-
logické zmény ¢i parézy [16]. VySetieni
na mechanickém chodniku je povazo-
vano za bezpeény, jednoduse provedi-
telny a kvantifikovatelny prostfedek pro
stanoveni zakladniho funkéniho stavu
u pacientd s LSS a NK. Test je rovnéz uzi-
tecny pro zhodnoceni vysledku chirur-
gické lécby, ma dobrou reprodukova-
telnost a nebyl zjistén vliv opakovaného
provadéni testu na vysledek [17]. Neuro-
genni klaudikace je moZno nejlépe pro-
kazat pfi konstantni pomalejsi chdzi (pfi
rychlosti kolem 2 km/h). BEhem testovani
na mechanickém chodniku je nutné, aby
pacient ztstal ve vzpfimené poloze a ne-
pfedklanél se, protoZze by mohlo dojit
k dstupu neurogennich klaudikaci (pfi
predklonu se patefni kanal rozsifuje). Pro
vySetfeni na mechanickém chodniku je
dostacujici 15 min, protoze pokud do této
doby nevznikly neurogenni klaudikace, je
malo pravdépodobné, Ze by se pfi dalsim
pokracovani rozvinuly [18,19].
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Tab. 3. Definice tize LSS.
Lehka LSS Stfedni LSS Tézka LSS

0-40 %

Oswestry 41-60 % x

dotaznik
61-100 % x
0-3

bolest 4-6 x
7-10 x
0-20m X

usla

vzdalenost 21-200m 5
>201m

Pfi vyhodnocovani testu na mechanic-
kém chodniku je nutné si uvédomit, ze
omezeni kapacity chize mdze mit fadu ji-
nych pficin (napf. dusnost, celkovou sla-
bost, dekondici, cévni klaudikace, kloubni
bolesti) a Ze je tfeba peclivé analyzy, aby
nedoslo k chybné interpretaci ve smyslu
NK [20]. V literatuie se udava, ze treadmill
test méze byt uZitecny v diferencialni dia-
gnostice LSS, zejména pfi odlieni cévnich
a neurogennich klaudikaci [21]. Vyznam
testovani na mechanickém chodniku pod-
trhuje zjisténi, ze subjektivni odhad uslé
vzdalenosti pacientem byva chybny. V li-
teratufe je opakované zdlrazfnovana po-
tfeba objektivniho méfeni Urovné aktivity
u pacientt s LSS [22,23].

Oswestry dotaznik (Oswestry Disabi-
lity Index — ODI) hodnoti omezeni b&znych
dennich aktivit bolesti dolni ¢asti zad, kvan-
tifikuje tedy subjektivni potize pacienta
a vyjadfuje miru disability [9,24]. Oswes-
try dotaznik je komplexni, zahrnuje otazky
na fyzickou disabilitu (omezeni schopnosti
sedét, stat, zvedani bfemen a chlze), hod-
notl i socialni hendikep (spoleensky Zivot,
sexualni Zivot, cestovani, osobni péce)
a hodnoti rovnéz bolest a spanek. Dotaznik
obsahuje 10 otazek, z nichz kazda ma Sest
alternativ odpovédi, pficemz odpovédi jsou
skorovany odshora dold, kdy se k prvni
mozZnosti odpovédi pfifazuje 0 bodd a k po-
slednf 5 bodl (tato pfedstavuje nejvyssi stu-
pen disability u dané otazky). Mira disabi-
lity se vyjadfuje v procentech a vypocita se
z celkového skore (ze souctu bodd u viech
10 otazek). ODI mize nabyvat hodnot 0 az
100 %. Pacient potrebuje k vypinéni dotaz-
niku vétSinou 3,5-5 min a asi 1 min zabere
jeho vyhodnoceni. Za minimalnf klinicky
vyznamny rozdil ODI jsou povaZovany dle

rlznych autort hodnoty 5,2 az 16,3 pro-
centnich bod [25,26].

Prvni verze tohoto dotazniku byla pub-
likovana v roce 1980 [9]. Dotaznik exis-
tuje ve vice verzich [24,27], pficemz au-
tofi ODI doporucuji nyni uzivat verzi 2.1a,
kterd je k dispozici i v Ceském jazyce
a byla jazykové validovana. V nasi pred-
chozl préci, v niZ je i prezentovana nova
verze ODI, jsme potvrdili, Ze nova ceska
verze Oswestry dotazniku (2.1a) je plné
zaménitelna se starsi verzi ODI a pro do-
sazeni jednotnosti by méla byt pouzivana.
ODI dobfe codliduje pacienty s LSS od zdra-
vych dobrovolnikd a jeho pouZzivani u pa-
cientl s LSS k posouzenl jejich disability se
jevi jako pfinosné. Vysledna hodnota na-
pomaha i pfi rozhodovani o daldim léceb-
ném postupu [28].

Pro uzivani ODI je nutno ziskat povo-
leni od ,MAPI Research Trust” ve Fran-
cii, ktery je moZno kontaktovat na www.
mapi-trust.org.

O ostatnich dotaznicich a 3kalach zmi-
nénych v tab. 1 je podrobnéji pojednano
v nasi monografii ,Lumbalni spinalni
stendza” [29].

Tize LSS a volba lécebného
postupu
V soucasné dobé neexistuji jednotna
a vieobecné uzndvana kritéria pro stano-
veni tize LSS. Jak jiz bylo vy3e uvedeno,
zhodnoceni tize LSS by mélo byt zalozeno
na stanoveni stupné klinického postizeni,
coZ je podstatné i pro dalsi volbu léceb-
ného postupu (tj. rozhodnuti, zda zvo-
lit spiSe konzervativni postup ¢i operacni
l&¢bu).

Na zakladé literarnich ddajd i vlastni
klinické zkuSenosti navrhujeme nasledu-

jici hodnoceni tize LSS a z tohoto vyply-

vajici volbu |é¢ebného postupu [30-38].

Je nutné si uvédomit, Ze uvedené sku-

te¢nosti neplati absolutnég, je dilezité pfi-

hlédnout i k individudlnim faktordm, jako
jsou vék pacienta, jeho celkovy zdravotni
stav a pacientovy preference pfi vybéru
terapeutického postupu.

Tizi LSS navrhujeme hodnotit podle

tfech parametrt (tab. 3):

1. intenzita bolesti stanovena pomoci nu-
merické Skdly intenzity bolesti (lehka
bolest: 1-3, stfedni bolest: 46, t&7k4
bolest: 7 -10),

2. disabilita stanovena podle Oswestry
dotazniku (lehké postizeni: 0-40 %,
stfedni postizeni: 41-60 %, t&zké po-
stizeni: 61-100 %),

3. udla vzdalenost do vzniku NK hodno-
cena na mechanickém chodniku (tézké
postizeni: 0-20m, stfedni postizeni
21-200m, lehké postizeni nad 201 m).

Tyto tfi parametry byly vybrany proto, ze
kvantifikuji ty potize, které maji pacienti
s LSS nejcastéji a které jim vadi nejvice.
Skére neurologického postizeni u lum-
balni spinaini stendzy (NIS-LSS) nebylo
do hodnoceni tize LSS zahrnuto ze tfi dd-
vodd — 1. v nadl praci zabyvajici se timto
skore jsme prokazali, Ze NIS-LSS koreluje
Uzce s disabilitou, kterou povazujeme za
nadfazenou, 2. nemame stanoveny jasné
meze (cut-off hodnoty) pro postizeni
lehké — stiedni — tézké u NIS-LSS, 3. toto
skore je relativné nové a neni tak rozsi-
fené jako zvolené tfi parametry.

Tize LSS (lehka, stfedni, t87kd) je na-
sledné odvozena podle prevazuijici katego-
rizace jednotlivych parametr( (u kazdého
parametru je kategorie lehkd — stredni -
tézka). Pokud kazdy ze tfi parametr( vy-
kazuje jinou kategorii, fidime se podle ka-
tegorie, do které spadd usld vzdélenost.
Tento parametr Ize dobfe objektivizovat
a neurogenni klaudikace jsou patogno-
micky pfiznak pro LSS.

U pacientt s lehkou formou LSS vo-
lime konzervativni postup, u pacientd
s té7kou formou LSS zvaZujeme na prv-
nim misté operacni feSeni. U pacientd se
stfedni formou LSS doporucujeme v prvni
fazi konzervativni postup, pfi jeho ne-
uspéchu (zhruba po dobé 3-6 mésicl)
a progresi potizi pak zvazujeme ope-
racni 1é¢bu. U pacient(, u nichZ se rozvi-
nul syndrom kaudy equiny, ¢i u pacientd
s progredujicimi parézami je rovnéz in-
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dikovano operacni feSeni. Naopak u pa-
cientl vysokého véku s cetnymi komorbi-
ditami se pfiklanime ke konzervativnimu
postupu. U této klasifikace a navrhu volby
léCebného postupu zdlraznujeme, Ze se
jedna o doporuceni orientacni, které neni
vieobecné platné, i kdyzZ pfi jeho sesta-
vovani jsme vychézeli z nejnovéjsich vy-
sledkd studif i analyz zabyvaijicich se touto
problematikou.

Zavér

Kvantifikace LSS by méla vychazet z klinic-
kého postizeni, jevi se pfinosna v bézné
klinické praxi a napomaha pfi volbé opti-
malniho lécebného postupu.

Tizi LSS navrhujeme hodnotit podle tfi
parametrd — intenzity bolesti stanovené
pomoci numerické 3kaly intenzity bolesti,
disability hodnocené pomoci Oswestry
dotazniku a uslé vzddlenosti na mecha-
nickém chodniku do vzniku neurogen-
nich klaudikaci.
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Souhrn

Lumbalni spindlni stenéza (LSS) je povazovdna za pomalu progredujici onemocnéni
vyznacujici se dlouhodobou klinickou stabilitou, nicméné pfirozeny prubéh onemocnéni stale
neni dobfe znam. Pti 1é¢be pacientl mame na vybér ze dvou moznosti — konzervativni postup
a operace. V soucasné dobé neexistuje jednotny pohled na 1é¢bu LSS. Clanek shrnuje
argumenty pro i proti obéma lécebnym postuplim, seznamuje s prediktory vyvoje a na zavér je

sestaveno doporuceni pro volbu terapeutického postupu u pacientti s LSS.

Kli¢ova slova: lumbalni spindlni stendza - neurogenni klaudikace — operace — prognoza

Summary

Lumbar spinal stenosis (LSS) is considered a slowly progressive disease with long-term
clinical stability. However, its natural course remains largely unknown. Two therapeutic
options present themselves — conservative treatment or surgical treatment. At the current time,
there is no general agreement about approaches to LSS therapy. This article summarizes the
pros and cons the two therapeutic methods and presents certain outcome predictors; the
authors also draw up recommendations that may assist choice of optimal therapy for patients

with LSS.

Key words: lumbar spinal stenosis - neurogenic claudication — surgery — prognosis



Uvod

Lumbalni spindlni sten6za (LSS) je definovana jako zGzeni patefniho nebo kofenového kanalu
osteoligament6zniho pitivodu v bedernim useku patete, které je klinicky manifestni
(Postacchini 1996). LSS se vyznacuje zmenSenim prostoru pro nervové a cévni struktury
v bederni patefi, pficemz symptomy jsou zpusobeny bud’ pfimou mechanickou kompresi nebo
nepfimou vaskularni kompresi nervovych kofenti nebo kaudy equiny (Epstein et al. 1998).
Jedna se o Castou chorobu vyssiho veku, kterd prispiva k omezeni mobility starSich pacientl
(Mic¢ankova Adamova a Bednatik 2012). Pievazujicim vékem zacatku potizi je 6. dekada.
LSS se mlze manifestovat neurogennimi klaudikacemi, radikularnim syndromem,
syndromem kaudy equiny ¢i kombinaci uvedenych syndromi (Vohanka a Micankova
Adamova 2009).

V soucasné dobé neexistuje jednotny pohled na 1écbu LSS, ktera by méla byt zaméfena na
zmirnéni symptomi, které omezuji aktivitu a ovliviiuji kvalitu Zivota nemocného. U pacienta
s LSS stojime pted rozhodnutim, zda zvolit konzervativni ¢i operacni terapii. BohuZel stale
vime relativné malo o efektivité 1écebnych postupti u LSS. Vzdy musime zvazovat pfirozeny
pribéh onemocnéni proti aktudlnimu riziku operace u starSiho nemocného, ktera je vzhledem
k vyssimu véku a komorbiditdm zatizena vzdy vétSim rizikem nez konzervativni péce
(Benoist 2002, Siebert et al. 2009). Pfi volbé 1écebného postupu si musime uvédomit, ze
efektivita chirurgického feseni u LSS je dosud kontroverzni a vysledky operaci jsou relativné
neptfedvidatelné. Systematicky piehled v Cochranové databazi z roku 2008 uzavira svij
rozbor konstatovanim, ze zatim jsou omezené¢ dikazy pro podporu jakéhokoliv typu
opera¢niho postupu, a vyzyva k provedeni dalSich randomizovanych kontrolovanych studii

(Gibson a Waddell 2008).

Déle budeme analyzovat fakta, kterd nas opraviiuji ke konzervativni a operacni 1€¢b¢, a na

zaver se pokusime dat doporuceni, jak postupovat u konkrétniho pacienta.

Zdivodnéni konzervativni terapie

Konzervativni (neoperacni) terapie ma nezastupitelné misto v 1é€bé LSS a zahrnuje fadu
moznosti a postupl; soucasti konzervativniho pfistupu je medikamentézni 1écba
(farmakoterapie), lokalni aplikace kortikosteroidii a anestetik, noSeni ortéz, cviceni a
pohybovy rezim, fyzikalni terapie, redukce hmotnosti a edukace pacientii. U pacienti s LSS

jsou predepisovany rizné typy l€kil zejména za ticelem ulevy od bolesti. Léky jsou cenné pii



ovlivnéni symptomd, neexistuje vSak dikaz, ze farmakologickd lécba zméni dlouhodoby
pribéh LSS (Jayson 2000). Dosud nebyla provedena studie, ktera by srovnavala vysledky u
pacientll konzervativné 1écenych s pacienty nelécenymi (kontrolni skupina), tato studie narazi
na etické problémy (neléceni pacienti, u kterych by se hodnotil pfirozeny pritbéh nemocnéni).
Casna konzervativni 1é¢ba byvé efektivni zejména pfi potladeni bolesti a pomaha pi¥i postupné
adaptaci na chronické poskozeni nervovych kofent.
Pti rozhodovani o 1écebném postupu je velmi cenné znat pfirozeny vyvoj onemocnéni. Na
rozdil od tady studii, které se zabyvaji chirurgickou 1éc¢bou, existuje jen nékolik studii
zabyvajicich se pfirozenym pribéhem onemocnéni. Velkym nedostatkem se jevi, Ze vétSina
studii je retrospektivni s metodickymi chybami a je obtizné studie navzajem srovnavat. Na
druhé¢ stran€ je nutno fici, Ze studie s problematikou LSS je obtizné provadét s ohledem na to,
ze se jednd o star§i populaci pacienti s velkym podilem komorbidit a mortality. Pfirozeny
pribéh LSS se také obtizné analyzuje, protoze bychom museli sledovat pacienty neléené, coz
neni etické, vétSina pacientli tedy dostava néjakou 1écbu, kterd teoreticky mtize pribéh LSS
ovliviiovat. Nicméné lze predpokladat, ze pifirozeny pribéh LSS ma velmi blizko k vyvoji
onemocnéni u pacientll lécenych konzervativné. Nasledujici vysledky a zavéry ze studii a
jejich metaanalyz nds opraviiuji ke konzervativni lécbé u pacienti s LSS (NASS 2011,
Benoist 2002, Johnsson et al. 1991, 1992, Atlas et al. 1996, 2000, 2005, Amundsen et al.
2000, Hurri et al. 1998, Simotas et al 2000, Micankova et al. 2012, Malmivaara et al. 2007,
Slatis et al. 2011, Weinstein et al. 2008, 2010, Kovacs et al. 2011):
e LSS je degenerativni onemocnéni, které se vyviji pomalu a pro které je typicka
dlouhodoba klinicka stabilita postizeni.
e U pacienti slehkou a stfedni formou LSS se rychlé a dramatické zhorSovani
neurologického stavu vyskytuje vzacné, pfirozeny pribeh onemocnéni je ptiznivy asi
u 30-50 % pacienti.
e Konzervativni 1écba vede k dlouhodobému zlepSeni (po dobu 2-10 let) u velkého
procenta pacientll s degenerativni LSS.
o Vysledky chirurgické 1écby se zasadné nelisi u pacienti operovanych az po selhani
konzervativni 1écby a u pacientit operovanych diive.
e Pocatecni lepsi vysledky operacni 1€cby ve srovnani s konzervativni 1écbou se ¢asem
vytraceji.
Opakované je v literatuie zdlraznovana potieba realizovat studie, které hodnoti dlouhodoby

ptirozeny prubéh onemocnéni. Z tohoto diivodu jsme provedli vlastni prospektivni observaéni



studii, ktera hodnotila dlouhodoby vyvoj u 71 pacientl s lehkou a stfedni formou LSS, ktefi
byli primarn¢ 1éCeni konzervativné. Po 7 letech sledovani byl uspokojivy vyvoj (stejny nebo
lepsi klinicky stav) prokazéan u 60,7 % pacientii (Micankova Adamova et al. 2012).

Stejny soubor pacientll byl analyzovan po 12 letech sledovéni, kdy uspokojivy objektivni
klinicky vyvoj (stejny ¢i zlepSeny klinicky stav) byl prokézan u 54,7 % pacientii, uspokojivy
subjektivni klinicky vyvoj (dle ndzoru pacienta) byl zaznamenan u 50 % pacientii. Dale jsme
analyzovali, zda koreluje objektivni a subjektivni klinicky vyvoj. Zde jsme dosli k zjisténi, ze
nebyla nalezena statisticky signifikantni korelace mezi objektivnim a subjektivnim klinickym
vyvojem (Spearmantiv korela¢ni koeficient = 0,225, p = 0,132). Pacienti s pouze neptiznivym
subjektivnim vyvojem prokazovali nejvyssi hodnoty indexu komorbidit, 1ze tedy konstatovat,
ze pocet komorbidit vCetné¢ psychiatrickych onemocnéni ma neptiznivy efekt na subjektivni
hodnoceni klinického vyvoje. Tento ndlez je ve shod¢ s jinymi studiemi, které prokazaly
nepiiznivy efekt komorbidit véetné deprese na vysledky chirurgické i konzervativni terapie
(Katz et al., 1995, Aalto et al. 2006, Athiviraham et al. 2011). Svoji roli mohla hrat 1 nizsi
spolehlivost subjektivniho hodnoceni pacientem, protoze doba sledovani byla dlouha a ne
vsichni pacienti jsou schopni si vzpomenout, jaky byl jejich stav pii vstupu do studie.

Kromé¢ klinického nélezu jsme posuzovali i elektrofyziologické a radiologické ndlezy, které
nevykazovaly statisticky signifikantni zmény po 12 letech sledovani. Pokud jsme porovnali
vyvoj u pacientll mezi 7. a 12. rokem sledovani, tak jsme dosli k zavéru, ze 82,6 % pacientii
m¢elo stejny trend klinického vyvoje (uspokojivy ¢i neptiznivy).

Souhrnné 1ze konstatovat, Ze dlouhodoby (horizont 7-12 let) uspokojivy vyvoj byl prokazan
v nasi studii u 50-60 % pacienti s lehkou a stfedni formou LSS lécenych konzervativng.
Studie rovnéz potvrzuje domnénku, ze LSS je pomalu progresivni chronické onemocnéni

s dlouhodobou stabilitou (dolozenou klinicky, radiologicky i elektrofyziologicky).

Zdivodnéni operacni terapie

Nedilnou soucésti 1écby degenerativniho onemocnéni bederni patefe a stim souvisejici
stendzy je operacni feSeni. Operacni 1écba LSS je provadéna za ucelem dekomprese
nervovych a cévnich struktur, rozsifeni pateiniho kandlu a popiipadé korekce instability a
deformity, tj. spondylolistézy a skolidzy. Operacni 1écba vétSinou spociva v posterolateralni
dekompresi doplnéné v indikovanych ptipadech fuzi s instrumentaci ¢i bez ni. Zakladem je
zasdhnout operacné diive, nez dojde k nevratnym parézdm a neurologickym zménam.

Spornym cilem operace je vSak zabrana potencialni progrese choroby.



Je k dispozici fada studii a metaanalyz, jejichz vysledky nas opraviiuji k operaci u pacientti
s LSS (NASS 2011, Atlas et al. 1996, 2000, 2005, Amundsen et al. 2000, Malmivaara et al.
2007, Slatis et al. 2011, Weinstein et al. 2008, 2010, Kovacs et al. 2011, Siebert et al. 2009).
Zavéry lze shrnout do nasledujicich bodu:

e Je prokdzano, Ze dekompresivni operace zlepSuji stav u pacientll se stfednimi a
tézkymi symptomy LSS.

e Piiznivy efekt operace je popisovan u 40-90 % pacienti (je zde zavislost na fadé
faktorti jako typ dekomprese, délka sledovani pacientli, vék pacientii a pfitomnost
komorbidit).

e Operacni feSeni vykazuje lepsi vysledky nez konzervativni 1écba, a to pro parametry
bolest, disabilita a kvalita Zivota, nikoliv vSak pro chizi.

e Operacni lécba vede k dlouhodobému zlepSeni (vice jak 4 roky) u pacientii
s degenerativni LSS, pfi¢emz dobry nebo vyborny vysledek je popisovan u 50-79 %

pacienttl.

U dekompresivnich operaci je v§ak nutno pocitat 1 s komplikacemi, pficemz se udava, Ze se
objevuji u 14-35 % pacientt. Jest¢ vyssi riziko komplikaci byva popisovano u flze, ktera je
zakrokem invazivnéj$im nez dekomprese a je uzivana v piipadné instability.

Po operaci pro LSS urcité procento pacientli prod€la reoperaci pro zhorSeni stavu a opétovny
vyskyt stendzy. Pomér reoperaci nartsta s ¢asem, v literature jsou udavany nasledujici udaje:
1,3-2 % do 1 roku, 6-11 % do 2 let, 15 % do 4 let a 23 % do 10 let (Atlas et al. 2005, Kovasc
etal. 2011).

V nasem souboru béhem 12-letého sledovani 13,2 % pacientl prodélalo operaci pro selhani
konzervativni terapie, coz je méné neZ v jinych studiich, kde se udava, Ze 36-39 %
konzervativn€ 1écenych pacientli podstoupi operaci pii sledovani 10 let (Amundsen et al.
2000, Atlas et al. 2005). Niz8i procento operovanych pacientll v nasi studii lze vysvétlit 1
moznou VvyS§i motivaci pacientl pro konzervativni terapii, protoze vySetfujici lékaf byl
neurolog a nikoliv spindlni chirurg. Z operovanych pacientti 42,8 % podstoupilo béhem 12 let
1 druhou operaci bederni patefe pro zhorSeni symptomu. Ze 7 operovanych pacientl 3 pacienti

hodnotili sviij stav jako uspokojivy a 4 jako neptiznivy.



Prediktory vyvoje

Velmi cenné je stanoveni prediktori uspéchu ¢i selhani konzervativni a operacni 1écby, které
napomahaji pii vybéru optimalni terapie. Bohuzel jednotlivé studie se znacné 1iSi ve
stanovenych prediktorech. Rada studii se zabyva prediktory pooperaéniho klinického stavu
(Aalto et al. 2006, Athiviraham et al. 2011, Katz et al. 1995, Sigmundsson et al. 2012),
prediktory konzervativni 1éCby ¢i pfirozeného vyvoje jsou analyzovany jen v nékolika
studiich (Micankova Adamova et al. 2012, Amundsen et al. 2000, Atlas et al. 2000, Simotas
et al. 2000, Hurri et al. 1998). V ramci studie SPORT (Spine Patient Outcomes Research
Trial) byla provedena rozsdhld analyza faktorti ovliviujici vysledek operace za ucelem
vytipovani pacienti, ktefi se zlepsi vice po operaci ve srovnani s konzervativni 1écbou. Bylo
zjisténo, ze vstupni Oswestry index mensi nez 56, nekufactvi, pfitomnost neuroforaminalni
stenozy, prevazujici bolest v dolni konceting, nezvedani bfemen v praci a piitomnost
vstupniho neurologického deficitu predikuji vétsi 1écebny efekt operace u pacientd s LSS
(Pearson et al. 2012). [Pozn.: Oswestry index hodnoti omezeni béznych dennich aktivit
v disledku bolesti dolni ¢asti zad, kvantifikuje subjektivni potiZe pacienta a vyjadiuje miru
disability, mtize nabyvat hodnot od 0 do 100 %, pficemz 100 % znamena maximalni disabilita
(Micankova Adamova et al. 2012)].

Dalsi vysledky studii ukazuji, ze pacienti stézkymi symptomy na pocatku, s blokovou
stendzou a spondylolistézou maji tendenci ke zhorSovani postupem casu a vétSinou vyzaduji
chirurgickou dekompresi. Mezi faktory, které predikuji ispésny vysledek chirurgické 1écby,
patii mlady vek, vyssi prijmy, absence sfinkterové dysfunkce, kratsi trvani potizi, ptitomnost
vyrazné centrdlni stendzy a mala komorbidita. Horsi vysledek chirurgické 1é¢by predikuje
pfitomnost deprese, obezity, vyssi funkéni disability, vétsi kardiovaskularni komorbidita a
pfitomnost skoliézy. Pocet komorbidit ma rovnéz neptiznivy vliv na vysledek konzervativni
1écby.

V nami provedené studii po 7 letech sledovani bylo prokazano, ze prognostickou hodnotu u
pacienti s LSS maji elektrofyziologické parametry, konkrétné ptfitomnost vicekofenového
postizeni pii EMG vySetfeni a abnormity H-reflexu m. soleus, které predikovaly progresi
klinického stavu u pacientll slehkou a stiedni formou LSS lécenych konzervativné
(Micankova Adamova et al. 2012). Pti analyze po 12 letech sledovani bylo zjisténo, ze
nezéavislym prediktorem nepiiznivého klinického vyvoje je nejmensi transverzalni rozmér
pateiniho kanalu v bederni oblasti, pficemz optimalni mezni hodnota (cut-off hodnota) je 13,6

mm (senzitivita je 75,0 % a specificita je 65,5 %).



Atlas a kolektiv popsali faktory predikujici vysledek chirurgicky i konzervativné 1écenych
pacientl. Nezavislymi prediktory spokojenosti po 4 letech byly unilaterdlni symptomy na
dolni koncetiné a mén¢ nez 1 rok od prvni navstévy lékaie pro né&jakou epizodu bolesti.
Naopak, bolesti zad vétsi nez bolesti v dolnich koncetinach a horsi funkéni stav byly spojeny

s poklesem spokojenosti (Atlas et al. 2000).

Jak postupovat?

Z vyse uvedeného vyplyva, ze u pacienti s LSS ma své nezastupitelné misto v Iécbé jak
operace, tak i1 konzervativni postup. Dosud nejsou stanovena jednoznacna kritéria pro volbu
optimalniho postupu. Pokusime se vytvofit vlastni orienta¢ni doporuceni, které vychazi
z vysledki citovanych studii s pfihlédnutim i k nasi dlouhodobé zkuSenosti s 1écbou pacientt
s touto chorobou.
Pti rozhodovani o vybéru terapeutického postupu pro konkrétniho pacienta je nutno zohlednit
vice faktorl, a to v€k pacienta, jeho celkovy zdravotni stav a zn¢ho vyplyvajici rizika
operace, pacientovy preference pii vybéru terapie a jeho ocekavani od 1éby a v neposledni
fad¢ je nutné stanovit tizi lumbalni spindlni sten6zy. Zhodnoceni tize LSS by mélo vychazet
ze stupné klinického postizeni a jeho dopadu na disabilitu pacienta, nemélo by vychazet z
posuzovani tize radiologickych zmén, protoze je znamo, ze radiologické ndlezy nemusi
korelovat s tizi klinického postizeni. Dale musime mit jistotu, ze klinické obtize pacienta
koreluji s morfologickym néalezem (asymptomatické zizeni patefniho kanilu je mozno
prokézat az u 20 % lidi).
Pro zhodnoceni stupné klinického postizeni také nejsou stanovena jasna kritéria.
Tizi LSS navrhujeme hodnotit podle tfech parametrii (Micankova Adamova a Vohailka
2013):
1. intenzita bolesti stanovena pomoci numerické skaly intenzity bolesti (Ilehké bolest: 0-
3, stfedni bolest: 4-6, té¢zka bolest: 7-10).
2. disabilita stanovena dle Oswestry dotazniku (lehké postizeni: 0-40 %, stfedni
postizeni: 41-60 %, tézké postizeni: 61-100 %).
3. usld vzdalenost do vzniku neurogennich klaudikaci hodnocend na mechanickém
chodniku (t€zké postizeni: 0-20 m, stiedni postizeni 21-200 m, lehké postizeni nad
201 m).
Tize LSS (lehka, stfedni, tézkd) je nasledné¢ odvozena podle ptrevazujici kategorizace

jednotlivych parametri (u kazdého parametru je kategorie lehka — stfedni — tézka). Pokud



kazdy ze 3 parametrii vykazuje jinou kategorii, tak se fidime dle kategorie, do které spada usla
vzdalenost (tj. vzdalenost, kterou nemocny ujde do vzniku neurogennich klaudikaci).

U pacientl s lehkou formou LSS volime konzervativni postup. U pacientt se stfedni formou
LSS doporucujeme v prvni fazi konzervativni postup, pfi jeho netspéchu (zhruba po dobé 3-6
meésicll) a progresi potizi pak zvazujeme operacni 1écbu. Operacni feseni je indikovano u
pacientii s t¢Zkou formou LSS a dale u téch, kde se rozvinul syndrom kaudy equiny ¢i jsou
pritomny progredujici parézy. Naopak u pacientli vysokého véku s ¢etnymi komorbiditami se
ptiklanime ke konzervativnimu postupu (obr. 1). Pacienty s LSS doporucujeme pravidelné
sledovat (z vlastni zkuSenosti se jevi dostatecné kontroly s odstupem 6 mésicti, pokud dojde
k vyrazn€jsimu zhorSeni stavu, tak je indikovana kontrola dfive) a terapeuticky postup

piehodnocovat.
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Obr. 1. Algoritmus volby terapeutického postupu u pacientii s lumbalni spinélni sten6zou

LSS
/ \
o s o
Lehka Stredni Tézka
]
Konzervativni Konzervativni

Operace

postup

|

Spokojenost s 1éébou




Eur Spine J (2012) 21:2611-2619
DOI 10.1007/s00586-012-2424-7

ORIGINAL ARTICLE

Prediction of long-term clinical outcome in patients with lumbar

spinal stenosis

B. Micankova Adamova - S. Vohanka -
L. Dusek - J. Jarkovsky - J. Bednarik

Received: 22 July 2011/Revised: 29 April 2012/ Accepted: 25 June 2012/ Published online: 10 July 2012

© Springer-Verlag 2012

Abstract

Purpose The natural course of lumbar spinal stenosis
(LSS) fluctuates and is not necessarily progressive. The
aim of this study was to explore the predictors of clinical
outcome in patients with LSS that might eventually help to
optimise the therapeutic choices.

Methods A group of 56 patients (27 men, 29 women,
median age 55; range 31-72 years) with clinically symp-
tomatic mild-to-moderate LSS were re-examined after a
median period of 88 months and their clinical outcomes
classified as satisfactory (34 patients, 60.7 % with stable or
improved clinical status) or unsatisfactory (22 patients,
39.3 % for whom clinical status deteriorated). A wide
range of demographical, clinical, imaging and electro-
physiological entry parameters were evaluated as possible
predictors of clinical outcome.

Results  Unlike the demographical, clinical and imaging
variables, certain electrophysiological parameters were sig-
nificantly associated with unsatisfactory outcomes. There
was a significantly higher prevalence of pluriradicular
involvement detected by EMG in patients with unsatisfactory
outcome than those with satisfactory outcome (68.2 vs.
32.3 %; p = 0.035). Patients with unsatisfactory outcome
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had more frequent bilateral abnormalities of the soleus
H-reflex (50.0 vs. 14.7 %; p = 0.015) and lower mean
H-reflex amplitude. Multivariate logistic regression proposed
two variables as mutually independent predictors of unsat-
isfactory outcome: EMG signs of pluriradicular involvement
(OR = 3.72) and averaged soleus H-reflex amplitude
<2.8 mV (OR = 2.87).

Conclusions Satisfactory outcomes were disclosed in
about 61 % of the patients with mild-to-moderate LSS in a
7-year follow-up. Electrophysiological abnormalities,
namely the presence of pluriradicular involvement and
abnormalities of the soleus H-reflex, were predictive of
deterioration of clinical status in these patients.

Keywords Lumbar spinal stenosis - Electromyography -
Outcome - Natural course - Prognosis

Abbreviations

LSS  Lumbar spinal stenosis
NC Neurogenic claudication
ODI  Oswestry disability index
EMG Electromyography

LL Lower limb

NRS  Numerical rating scale
AP Anteroposterior

CT Computed tomography

MRI  Magnetic resonance imaging
ROC Receiver operating characteristic
Introduction

Lumbar spinal stenosis (LSS) is defined as any osteoliga-
mentous narrowing of the spinal canal and/or nerve root

@ Springer
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canals [1]. LSS can give rise to several clinical syndromes:
neurogenic claudication (NC), radiculopathy, and chronic
cauda equina syndrome. Low back pain is very frequent in
patients with LSS but this complaint is not due to stenosis;
in fact, it arises out of the degenerative changes in the
lumbar spine that lead to the stenosis.

The frequency of degenerative LSS diagnosis has risen
over time, a result of increasing life expectancy and
demands for a better quality of life, awareness of the
disease, and the availability of advanced imaging tech-
niques [2]. LSS is now the most common diagnosis in
individuals over the age of 65 years undergoing spinal
surgery [3]. The choice of optimal treatment modality (i.e.
conservative vs. surgical) remains a matter of debate.
There are only a few long-term studies available that
document the natural course of LSS, and most of them are
retrospective, as well as methodologically flawed. Despite
these problems, it is generally agreed that the long-term
clinical stability is common in patients with LSS. A
substantial proportion of patients do not deteriorate and
may remain unchanged or they may even improve [2, 4].
The frequency of surgical treatment is increasing, but the
effectiveness of surgery for LSS is still a matter of con-
troversy. Surgery is also associated with more risk than
conservative treatment, whilst mortality and operative
complications increase with age and comorbidities [5].
The most recent trials have demonstrated that the surgical
treatment of LSS provided better results than conservative
methods of treatment but the efficacy of surgical treatment
slowly declined within a few years of the operation [6-8].
Longer follow-up is needed to determine if the benefits of
surgical treatment persist.

A sound knowledge of the natural course of the disease
and the predictive factors influencing its course are there-
fore crucial [4]. Finding predictors of further clinical
development may contribute to better decision making with
regard to the whole question of surgical versus conserva-
tive treatment in patients with LSS.

Some studies have identified radiological [9, 10] or
clinical [11, 12] predictors whilst one has not [13]. Elec-
trophysiological examination is widely used in the diag-
nosis and differential diagnosis of LSS [12, 14—18], but our
literature search found only one study that evaluated
electrophysiological predictors of LSS outcome [12].

Nerve conduction studies and needle electromyography
are the most useful electrophysiological examinations for
the evaluation of suspected radiculopathies in patients with
LSS [16]. EMG findings may vary in patients with LSS,
bilateral multiple lumbosacral radiculopathy (cauda equina
lesion) being the most frequent finding (in approximately
50 % of patients). Polyradicular lumbosacral lesions are
often asymmetrical, and usually involve the lower lumbo-
sacral roots, especially root S1 [19].

@ Springer

We therefore organised a prospective study to evaluate a
wide range of variables (demographical, clinical, imaging
and electrophysiological) as potential predictors of long-
term outcome in patients with LSS.

Materials and methods
Patient population

The study group was recruited from a total of 151 patients
with clinically symptomatic LSS diagnosed, treated and
observed in the department of neurology of a university
Hospital. The following criteria were used for inclusion
into the prospective evaluation of outcome in patients with
LSS:

e Clinically symptomatic LSS (NC and/or low back pain
radiating to the lower limb)

e Central LSS (narrowing in the spinal canal) at one level
at the least, documented by computed tomography (CT)

e Mild-to-moderate clinical symptoms suitable for con-
servative therapy at entry examination

e Age under 75 years at entry examination

e Absence of hip and/or knee joint arthrosis limiting
walking

e Absence of arteriosclerotic peripheral vascular disease
of the lower extremity limiting walking

e Absence of diabetes mellitus or other disease causing
polyneuropathy (to eliminate the effects of polyneu-
ropathy on electrophysiological and clinical neurolog-
ical examination)

e Absence of any other serious comorbidity.

Most of the patients were given multimodal conserva-
tive treatment (analgesics, back exercises, physical therapy
and the use of a lumbosacral corset), especially at the
beginning of the study. Epidural steroid injections were
administered only to a few patients. The conservative
therapy was changed and adjusted with respect to the
specific patient’s condition and complaints during a 7-year
follow-up, and most of these patients were observed at
regular intervals between 3 and 6 months.

This study was reviewed and approved by the local
research ethics committee.

Outcomes for the LSS patients included were evaluated
at check-up and classified as satisfactory (with stable or
improved clinical status) and unsatisfactory (deterioration
in clinical status).

The criteria for unsatisfactory outcome were:

e New onset of neurogenic claudication becoming evi-
dent in the course of follow-up.
e Occurrence or progression of lower limb paresis.
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e A minimum 15-point increase in the Oswestry disabil-
ity index.

e Indication for surgical treatment based on deterioration
of clinical status, severe pain and agreement of the
patient for surgery.

For definition of unsatisfactory outcome at least one of
these criteria had to be met.

Radiological examination at initial visit

The LSS patients were examined radiologically according
to the following protocol:

e A plain radiograph of the lumbar spine was taken, with
assessment of the presence of spondylarthrosis, scoli-
osis and degenerative spondylolisthesis.

e (T axial scans at three levels (L3-S1) were performed.
The following standard parameters of the spinal canal
were measured:

e The anteroposterior (AP) diameter of the spinal canal at
the level of the middle of the L3, L4, and L5 vertebrae.

e The transverse interarticular (IA) diameter (between
ventral margins of facet joints) at the level of the upper
margins of the L3/4, L4/5 and L5/S1 disc.

CT criteria for central LSS were based on our own
normal data [20]: anteroposterior diameter <I11.7 mm and/
or transverse diameter <16.0 mm.

Any stenosis of the spinal canal was further evaluated by
an experienced radiologist. If central stenosis was consid-
ered present on the basis of morphological evaluation
(spondylosis, facet joint arthrosis and hypertrophy of the
ligamenta compromising the nervous structures), a level
was designated as the “stenotic level”. The shortest
anteroposterior and transverse diameters at L3-S1 levels
and the number of the stenotic levels were evaluated.

Electrophysiological examination at initial visit

The electrophysiological examination of the lower
extremities included motor and sensory conduction studies,
F-waves, soleus H-reflex and needle EMG from L4-S1
myotomes. A conventional EMG device was used to per-
form the nerve conduction studies from temperature-
checked skin. Motor conduction studies of the peroneal
nerve (muscle responses recorded via surface electrodes
placed over the extensor digitorum brevis muscle) and the
tibial nerve (muscle responses recorded via surface elec-
trodes placed over the abductor hallucis muscle) were
performed bilaterally. Sensory conduction studies of the
sural and superficial peroneal nerves were carried out
employing an antidromic surface technique. The F-wave
responses of the tibial and peroneal nerves and H-reflex of

the soleus muscle were recorded bilaterally. Submaximal
stimuli with increasing voltage were delivered, with facil-
itation to provide maximum H-reflex amplitude. We eval-
uated abnormal spontaneous activity and the analysis of
action potentials of motor units in needle EMG.

The presence of radiculopathy in patients with LSS was
investigated. The criteria for radiculopathy included
abnormal spontaneous activity or signs of reinnervation
found on quantitative analysis of the motor unit action
potential in two or more muscles receiving innervation
from the same root, preferably via different peripheral
nerves. Isolated abnormality of soleus H-reflex amplitude
(<0.5 mV, side-to-side difference in amplitude >50 %, or
non-elicitable) was considered as sufficient sign of S1
radiculopathy in patients with clinical suspicion of S1
radiculopathy.

Clinical examination and history at initial examination
and later check-up

All patients underwent detailed clinical neurological
examination including full history, and the symptoms were
confirmed by an experienced neurologist specialising in
LSS.

We investigated the presence of hip and/or knee joint
arthrosis, the presence of neurogenic claudication and rest
pain (low back pain and/or leg pain), average daily pain
score for low back and/or lower limb measured on an
11-point numerical rating scale (0-10), presence and
severity of lower limb paresis, the positivity of straight leg
raise test (Laseégue sign), deep tendon reflexes, tactile and
vibratory sensation in the lower limb, disability measured
in terms of the ODI, walking test (evaluation of a 10-m
walk including time taken to walk the distance as quickly
as possible without help), and running test (evaluation of a
10-m run including time taken to do the run as quickly as
possible without help).

Statistical approaches

Standard robust summary statistics were used to describe
primary data: relative and absolute frequencies, median,
and 5th-95th percentile range. The ML-y*> test was
employed to compare experimental variants in categorical
variables and the non-parametric Mann—Whitney U test
was used for comparison of variants on the basis of con-
tinuous variables.

The diagnostic power of potential predictors of unsat-
isfactory outcome of LSS was assessed by means of
receiver operating characteristics (ROC) curves. These
ROC analyses were based on the binormal assumption.
MedCalc 11.1.0.0 (MedCalc Software 1993-2009) was
used to estimate the sensitivity and specificity of potential
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predictors in relation to unsatisfactory outcome of LSS.
Sensitivity and specificity estimates were supplied with
corresponding confidence intervals based on binomial
distribution.

Univariate and multivariate logistic regression was
applied to assess association of the predictive factors
examined and the risk endpoint (i.e. binary coded unsat-
isfactory outcome of LSS). Odds ratios at 95 % confidence
limits were calculated and tested in Wald > test. Param-
eters with predictive power (providing at least p < 0.10 in
univariate logistic regression) were then examined for
mutual correlation and interaction terms were coded and
tested for significantly correlated pairs of variables. If used
in the models, effective cut-off values of continuous vari-
ables were optimised on the basis of ROC analysis. The
final set of potential predictive factors and interaction terms
entered an objective stepwise selection algorithm in mul-
tivariate logistic regression (driven by maximum likelihood
ratio test).

Results

Seventy-one patients fulfilled the inclusion criteria and
were invited to undergo a neurological examination check-
up. Fifty-six patients were examined, 15 patients did not
take part (4 of them died, 2 changed address, 9 gave no
reason for absence). The mean (median) period between
entry and examination was 84 (88); range 56—104 months.
The group comprised 29 women and 27 men, median age
55; range 31-72 years at initial examination.

Clinical outcome

The LSS patients were divided into two subgroups based
on previously established criteria for unsatisfactory out-
come. A satisfactory outcome (unchanged or better clin-
ical status) was disclosed in 34 patients (60.7 %), and an
unsatisfactory outcome (worse clinical status) in 22
patients (39.3 %). The basic characteristics of all the
patients included and the two subgroups appear in
Table 1. The subgroups with satisfactory and unsatisfac-
tory outcome were comparable in characteristics such as
duration of follow-up period, sex and age. Six patients
(10.7 %) had symptoms of LSS so severe (conservative
treatment failed) during the 7-year follow-up that they
agreed to undergo surgery (decompression with addition
of lumbar fusion in cases where it was indicated, with or
without instrumentation); spinal cord stimulation was
used in one patient. The mean time from initial visit to
operation was 28 months (range 5-50 months). One
patient was operated upon again 14 months after the first
operation.

@ Springer

Clinical predictors

We evaluated the difference in initial clinical parameters
between the two subgroups (with satisfactory and unsatis-
factory outcome). We found no statistically significant
difference in any of the potential clinical predictors eval-
uated (Table 1).

Radiological predictors

We evaluated the initial radiological parameters in the two
subgroups and no statistically significant difference in
imaging characteristics emerged (Table 1).

Electrophysiological predictors

The presence of a radicular involvement in EMG was
established in 67.6 % of patients with a satisfactory out-
come and in 86.4 % with an unsatisfactory outcome
(p = 0.104).

Pluriradicular involvement was significantly more fre-
quent than the monoradicular form in patients with unsat-
isfactory outcome (68.2 vs. 18.2 %) compared to the
subgroup with satisfactory outcome (32.3 vs. 35.3 %)
(p = 0.035). The parameters for the soleus H-reflex were
more frequently normal in the subgroup with satisfactory
outcome (61.8 % of patients) compared to the subgroup
with unsatisfactory outcome (31.8 % of the patients).
Unilateral abnormalities of the soleus H-reflex occurred in
23.5 % of the patients with satisfactory outcome and
bilateral abnormalities in 14.7 % of them; patients with
unsatisfactory outcome exhibited unilateral abnormalities
of the soleus H-reflex in 18.2 % and bilateral abnormality
in 50.0 % (p = 0.015).

Amongst the soleus H-reflex parameters, mean soleus
H-reflex amplitude was significantly higher in patients with
satisfactory outcome compared to those with unsatisfactory
outcome (2.7 vs. 1.3 mV; p = 0.023).

ROC analysis of potential predictors of unsatisfactory
outcome in patients with LSS disclosed mean soleus
H-reflex amplitude as the only effective discriminating
factor between the two subgroups of patients at a sensi-
tivity of 81.3 % and specificity of 61.0 % (p = 0.025)
when using an optimal discriminating cut-off point of
2.8 mV (Table 2; Fig. 1).

We also calculated the odds ratio (OR) of potential
predictors for unsatisfactory outcome in patients with LSS
(Table 3). Univariate analysis led to a statistically signifi-
cant odds ratio (crude OR) for unsatisfactory outcome in
the presence of pluriradicular involvement (OR = 4.48), of
averaged soleus H-reflex amplitude 2.8 mV or less
(OR = 3.92) and bilaterally abnormal soleus H-reflex
(OR = 5.8). Multivariate logistic regression proposed two
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Table 1 Initial characteristics of LSS patients
Parameters' All patients Outcome after 7-year follow-up
(N = 56) - - >
Satisfactory Unsatisfactory p
(N =34 (N =22
Follow-up (months) 88 (63, 98) 87 (63, 100) 89 (63, 95) 0.680
Patient characteristics
Sex, Men 27 (48.2 %) 15 (44.1 %) 12 (54.5 %) 0.445
Age at entry (years) 55 (42, 71) 55 (41, 71) 55 (42, 66) 0.562
<55 years 29 (51.8 %) 18 (52.9 %) 11 (50.0 %) 0.829
>55 years 27 (48.2 %) 16 (47.1 %) 11 (50.0 %)
Clinical characteristics
Coxarthrosis 11 (19.6 %) 7 (20.6 %) 4 (18.2 %) 0.824
Gonarthrosis 9 (16.1 %) 5 (14.7 %) 4 (18.2 %) 0.731
Coxarthrosis or gonarthrosis 17 (30.4 %) 11 (32.4 %) 6 (27.3 %) 0.772
Coxarthrosis and gonarthrosis 3(54 %) 129 %) 2 (9.1 %) 0.555
Neurogenic claudication at entry 31 (55.4 %) 19 (55.9 %) 12 (54.5 %) 0.921
Resting low back pain at entry 39 (69.6 %) 25 (73.5 %) 14 (63.6 %) 0.554
Lower limb paresis at entry 18 (32.1 %) 11 (32.4 %) 7 (31.8 %) 0.924
Positive Lasegue sign 20 (35.7 %) 14 (41.2 %) 6 (27.3 %) 0.394
Abnormal tactile sensation in LL 32 (57.1 %) 19 (55.9 %) 13 (59.1 %) 0.885
ODI at entry 38.0 (6.0, 71.0) 39.0 (0.0, 71.0) 38.0 (12.0, 68.0) 0.926
Pain at entry (NRS) 4.5 (1.0, 7.0) 5.0 (0.0, 7.0) 3.5 (2.0, 8.0) 0.714
Ability to perform walking test 46 (82.1 %) 27 (79.4 %) 19 (86.4 %) 0.724
Walking test (s) 9.3 (6.5, 21.8) 8.0 (6.5, 17.8) 9.4 (6.2, 36.6) 0.337
Ability to perform running test 31 (55.4 %) 19 (55.9 %) 12 (54.5 %) 0.918
Running test (s) 4.6 (3.0, 6.2) 4.6 (24,7.2) 4.7 (3.0, 6.2) 0.919
Lumbar spine surgery before entry 7 (12.5 %) 3 (8.8 %) 4 (18.2 %) 0.415
Radiology
Lowest AP diameter 11.0 (7.1, 13.7) 10.9 (7.1, 13.8) 11.0 (9.3, 13.3) 0.795
Lowest transverse diameter 13.4 (6.6, 19.6) 14.0 (6.6, 19.6) 12.9 (6.6, 16.0) 0.140
Number of stenotic levels
1 12 (21.4 %) 8 (23.5 %) 4 (18.2 %) 0.390
2 27 (48.2 %) 18 (53.0 %) 9 (40.9 %)
3 17 (30.4 %) 8 (23.5 %) 9 (40.9 %)
Spondylarthrosis 50 (89.3 %) 30 (88.2 %) 20 (90.9 %) 0.999
Degenerative spondylolisthesis 17 (30.4 %) 9 (26.5 %) 8 (36.4 %) 0.554
Electrophysiology
H-reflex-normal 28 (50.0 %) 21 (61.8 %) 7 (31.8 %) 0.015
H-reflex-unilateral abnormality 12 (21.4 %) 8 (23.5 %) 4 (18.2 %)
H-reflex-bilateral abnormality 16 (28.6 %) 5 (14.7 %) 11 (50.0 %)
H-reflex amplitude-mean 2.5(0.5,5.7) 2.7 (0.6, 5.7) 1.3 (0.3, 7.0) 0.023
H-reflex latency-mean 31.4 (28.0, 35.7) 31.2 (27.9, 33.9) 32.3 (28.0, 38.9) 0.393
Radiculopathy 42 (75.0 %) 23 (67.6 %) 19 (86.4 %) 0.104
Monoradicular involvement 16 (28.6 %) 12 (35.3 %) 4 (18.2 %) 0.035
Pluriradicular involvement 26 (46.4 %) 11 (32.3 %) 15 (68.2 %)

! Categorical data are described by absolute number and percentage of patients in the given category, continuous variables are described by

median and 5th-95th percentile

% Statistical significance of difference between subgroups is tested by ML-z* test for categorical data and by Mann—Whitney U test for

continuous parameters. Results significant at o = 0.05 level appear in bold
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Table 2 ROC analysis of potential predictors for unsatisfactory outcome of LSS

Optimal cut-off° Sensitivity® (%) Specificity® (%)

Variable AUC (95 % CI)* Pt
Age at entry 0.45 (0.30, 0.61) 0.563
Clinical characteristics
ODI at entry 0.51 (0.35, 0.66) 0.926
Pain at entry (NRS) 0.47 (0.31, 0.63) 0.718
Walking test (s) 0.58 (0.41, 0.75) 0.337
Running test (s) 0.49 (0.27, 0.71) 0.919
Radiology
Lowest AP diameter 0.48 (0.33, 0.63) 0.795
Lowest transverse diameter 0.38 (0.23, 0.53) 0.140
Electrophysiology
H-reflex amplitude-mean 0.71 (0.54, 0.87) 0.025
H-reflex latency-mean 0.58 (0.38, 0.78) 0.393

>55 59.1 47.1
>55 31.8 82.4
>8 9.1 100.0
>9 68.4 55.6
>5 50.0 57.9
>9.2 95.5 23.5
>24 4.5 100.0
<2.8 81.3 61.0
>34 37.5 96.4

# Area under the ROC curve with corresponding 95 % confidence interval and statistical significance

° Optimal cut-off points for binary coding of parameters
¢ Sensitivity and specificity for given cut-off point

Fig. 1 Mean soleus H-reflex 81
amplitude as a predictor for
unsatisfactory outcome after
7-year follow-up
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variables as mutually independent predictors of unsatis-
factory outcome: pluriradicular involvement (OR = 3.72)
and averaged soleus H-reflex amplitude <2.8 mV
(OR = 2.87).

Discussion

This is, to the best of our knowledge, the first prospective
long-term study to evaluate a wide range of potential
clinical, imaging and electrophysiological predictors of
clinical outcome for patients with LSS, and it highlighted
the usefulness of electrophysiological parameters.

In our prospective study, 22 patients (39 %) were cate-
gorised as having an unsatisfactory clinical outcome, a
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slightly higher proportion compared to the 11-33 %
reported in previous studies [9, 10, 13, 21]. A recent study
by Haig et al. [12] showed that clinical spinal stenosis is a
fluctuating and largely improving syndrome. The results of
these studies are, however, difficult to compare, they are
also dependent on definitions of endpoints (i.e. type of
outcome or therapeutic success). In our study, unsatisfac-
tory outcome was defined as worsened clinical status, whilst
satisfactory outcome marked stable or improved clinical
status. In contrast, a bad result (treatment failure) in the
Amundsen study included unchanged or worse status for the
patient, whilst a good result was defined as full or partial
restitution with clear improvement [13]. The criteria for
unsatisfactory outcome in our study were based on actual
clinical status (occurrence of NC, occurrence or progression



Eur Spine J (2012) 21:2611-2619 2617
Table 3 Potential predictors for unsatisfactory outcome of LSS in logistic regression
Parameters (categories) %* Crude OR” »° Multivariate-adjusted OR" pe
Total 393
Patient characteristics
Sex, Men 444 1.52 (0.52, 4.47) 0.447
Age at entry (years) - 0.98 (0.93, 1.04) 0.581
Age >55 40.7 1.13 (0.39, 3.29) 0.830
Clinical characteristics
Coxarthrosis 36.4 0.86 (0.22, 3.36) 0.825
Gonarthrosis 444 1.29 (0.31, 5.44) 0.730
Coxarthrosis or gonarthrosis 353 0.78 (0.24, 2.56) 0.687
Coxarthrosis and gonarthrosis 66.7 3.30 (0.28, 38.78) 0.342
Neurogenic claudication at entry 38.7 0.95 (0.32, 2.79) 0.922
Resting low back pain at entry 359 0.63 (0.20, 2.00) 0.433
Lower limb paresis at entry 38.9 0.97 (0.31, 3.08) 0.967
Positive Lasegue sign 30.0 0.54 (0.17, 1.71) 0.292
Abnormal tactile sensation in LL 40.6 1.14 (0.39, 3.38) 0.813
ODI at entry - 1.00 (0.97, 1.03) 0.873
Pain at entry (NRS) - 0.99 (0.75, 1.29) 0.918
Ability to perform walking test 413 1.64 (0.38, 7.17) 0.510
Walking test (s) - 1.08 (0.96, 1.20) 0.207
Ability to perform running test 38.7 0.95 (0.32, 2.79) 0.922
Running test (s) - 0.92 (0.48, 1.77) 0.807
Lumbar spine surgery before entry 57.1 2.30 (0.46, 11.44) 0.310
Radiology
Lowest AP diameter - 1.07 (0.78, 1.46) 0.687
Lowest transverse diameter - 0.92 (0.80, 1.05) 0.213
Number of stenotic levels
1 333 Basal category -
2 333 1.00 (0.24, 4.23) 0.999
3 52.9 2.25 (049, 10.41) 0.300
Spondylarthrosis 40.0 1.33 (0.22, 7.98) 0.753
Degenerative spondylolisthesis 47.1 1.59 (0.50, 5.04) 0.433
Electrophysiology
H-reflex-normal 25.0 Basal category -
H-reflex-unilateral abnormality 33.3 1.50 (0.34, 6.55) 0.590
H-reflex-bilateral abnormality 68.8 5.80 (1.59, 21.14) 0.007
H-reflex amplitude-mean - 0.70 (0.51, 0.95) 0.039
H-ampl-mean < 2.8 or not present 47.5 3.92 (1.07, 14.29) 0.032 2.87 (1.08, 7.69) 0.038
H-reflex latency-mean - 1.17 (0.91, 1.50) 0.236
Radiculopathy 45.2 3.03 (0.74, 12.45) 0.124
Monoradicular involvement 25.0 0.41 (0.11, 1.53) 0.173
Pluriradicular involvement 57.7 4.48 (1.38, 14.52) 0.011 3.72 (1.11, 12.49) 0.029

% Percentage of worsened patients within category given by the predictor (only for categorised predictors)

° Odds ratio with 95 % confidence interval (in parentheses); statistical significance based on Wald’s test

¢ Only statistically significant multivariate-adjusted ORs are displayed (variables selected by stepwise selection)

of LL paresis, a minimum 15-point increase in the ODI) and
on history (deterioration that required surgical treatment).
The minimal 15-point change of the ODI was derived from
a US Food and Drug Administration recommendation [22].

Some studies used patient satisfaction as a primary
outcome for treatment success. This could, however, be
unreliable in view of the long duration of follow-up (some
patients cannot clearly recall how they felt prior to
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treatment, at the time of their initial visit) [9, 10, 13].
Another study used an assessment of pain intensity (usually
conveyed by visual analogue scale), again something that
could be influenced by many factors, including current use
of analgesics [21].

The proportion of patients in our study who required
surgical intervention due to failure of conservative treat-
ment (10.7 %) was lower compared to those reported in the
previous studies with mild-to-moderate LSS and ranged
between 18 and 43 % [6, 10, 11, 13, 23].

A possible explanation is the fact that our patients might
have been motivated to accept non-surgical therapy
because their examining physician was not a surgeon but a
neurologist.

The lack of clinical or imaging predictors of outcome in
our study does not disagree with other published reports
[12, 13]. We were not able to confirm the predictive value
of severity of LSS [9] or the presence of scoliosis [10].

The Maine lumbar spine study identified some inter-
esting predictive factors. Unilateral leg pain and less than a
year since the first visit to a physician for any episode of
the pain were predicted as a good outcome. In contrast,
predominance of low back over leg pain and worse Roland
scores (reflecting functional capacity) were associated with
the worse outcomes. These variables predicted outcomes
for both surgically and non-surgically treated patients [11].

Similarly, Haig et al. [12] noted that pain, functional
disability, and difficulty with sleep predicted a worse
outcome.

In our study, we established certain electrophysiological
parameters as reliable predictors of clinical outcome in
patients with LSS, namely soleus H-reflex figures as
markers of S1 radiculopathy, and signs of radiculopathy on
needle EMG. The absence of the soleus H-reflex or pro-
longation of its latency is commonly used to diagnose S1
radiculopathy and the diagnostic sensitivity of soleus
H-reflex abnormalities in S1 radiculopathy varies from 50
to 100 % [24-26]. Reduction in H-wave amplitude has
been considered the most useful H-wave abnormality for
detecting S1 root lesions [19]. The soleus H-reflex is,
however, often abnormal or non-elicitable bilaterally in
patients with polyneuropathy. Patients with diabetes mel-
litus or other diseases causing polyneuropathy were
excluded from this study (to avoid the influence of poly-
neuropathy on electrophysiological and clinical neurolog-
ical examination).

We found the presence of pluriradicular involvement
and an average soleus H-reflex amplitude of 2.8 mV or less
to be independent predictors of unsatisfactory outcome in
the current study. Only one study is available that deals
with electrophysiological predictive factors in patients with
LSS [12], and it found no correlation between severity of
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EMG findings and future pain or disability. Its follow-up
period was, however, considerably shorter than that of our
study (18 vs. 88 months). It could be concluded that
pluriradicular involvement revealed by EMG examination
indicates a higher degree of impairment of nervous struc-
tures in the lumbar spine, something that probably predicts
an unsatisfactory outcome.

One limitation of our study is the low number of
patients analysed, recruited from a total of 151 patients
with clinically symptomatic LSS (71 patients) and of
those who completed follow-up (56 patients). The inclu-
sion criteria were kept strict in order to eliminate factors
(e.g. diabetes mellitus, serious comorbidity, higher age)
that might influence outcome, whilst the drop-out (15
patients) is appropriate to the duration of follow-up.
Another limitation of this study is the nature of the
radiological examination at initial visit. We used CT scans
at three levels (LL3-S1), as CT was the standard evaluation
for LSS at the time of entry radiological examination. In
contrast to the MRI examination more usually used today,
this approach could result in missing stenosis at higher
levels of the lumbar spine. The anteroposterior (AP)
diameter was measured at the middle level of the vertebra
to detect the presence of congenital (developmental or
primary) stenosis; we did not evaluate the AP diameter at
the intervertebral segment because the severity of the
canal narrowing can be underestimated in some cases
through the influence of soft tissue. Evaluation of the
central stenosis on the basis of morphological evaluation
is somewhat subjective, with a degree of inter-rater vari-
ability, and is a further possible source of inaccuracy in
the radiological data in the study. The effectiveness of CT
could be improved using dural sac cross-sectional area.

The results of our study are also influenced by the
selection of outcome measurements and the definition of
satisfactory outcome. This study is based on objective
parameters. Subjective assessment of status by the patient,
used by other investigators, was not employed.

Conclusions

Satisfactory outcome (unchanged or better clinical status)
appeared in 61 % of patients with mild-to-moderate LSS
after 7-year follow-up. As electrophysiological parameters
showed some prognostic value in patients for LSS, espe-
cially those of pluriradicular involvement and the param-
eters of soleus H-reflex, we recommend the use of needle
EMG and conduction studies as a standard examination in
patients with LSS.
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Abstract

Purpose The aim of this prospective observational cohort
study was to evaluate long-term outcomes in patients with
mild-to-moderate lumbar spinal stenosis (LSS) and to
analyse the predictors of clinical outcomes.

Methods A group of 53 patients were re-examined after a
median period of 139 months. Evaluations were made of
subjective clinical outcome, objective clinical outcome and
its predictors, any correlation between subjective and
objective outcome, and the development of changes in
radiological and electrophysiological parameters after
12 years.

Results  Satisfactory objective and subjective clinical
outcomes were recorded in 54.7 and 43.4 % of patients,
respectively. No statistically significant correlation
between objective and subjective clinical outcome was
found (Spearman coefficient = 0.225, p = 0.132). Patients
with isolated unsatisfactory subjective outcome exhibited
the highest Functional Comorbidity Index of all subgroups.
Electrophysiological and radiological findings did not
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demonstrate statistically significant changes after 12-year
follow-up. Multivariate logistic regression confirmed only
the lowest transverse diameter of spinal canal <13.6 mm
as an independent predictor of unsatisfactory clinical out-
come (OR = 5.51).

Conclusions Satisfactory objective and subjective clinical
outcomes were disclosed in about half of the patients with
mild-to-moderate LSS in a 12-year follow-up. The number
of comorbid diseases had an unfavourable effect on sub-
jective evaluation of clinical outcome. The lowest trans-
verse diameter of spinal canal proved to be the only
independent predictor of deterioration of clinical status in
LSS patients.

Keywords Lumbar spinal stenosis - Outcome -
Prognosis - Predictor

Abbreviations

AP Anteroposterior

BMI Body mass index

CT Computed tomography

EMG Electromyography

FCI Functional Comorbidity Index
LL Lower limb

LSS Lumbar spinal stenosis

MRI Magnetic resonance imaging
NASS North American Spine Society

NC Neurogenic claudication
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spinal stenosis
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OR Odds ratio
ODI Oswestry Disability Index
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Introduction

Lumbar spinal stenosis (LSS) is defined as an osteoliga-
mentous narrowing of the spinal or nerve root canal in the
lumbar spine that is clinically symptomatic.

The choice of optimal treatment modality (i.e. con-
servative vs. surgical) for patients with LSS still remains a
matter of debate and a number of facts have to be taken
into consideration. The results of several published stud-
ies and their reviews justify conservative therapy in
patients with LSS [1-15]. However, there exists a large
body of studies and reviews in which results justify sur-
gical therapy in LSS patients [1, 4-7, 10-17]. The benefits
of surgery have also been demonstrated in patients of
higher age but the rate of complications is higher (espe-
cially general complications, dural lesions) [18, 19]. Thus,
taking both views into account, the choice of optimal
therapy in patients with LSS proves somewhat compli-
cated. Only a few long-term studies document the natural
course of LSS and most of them are retrospective, as well
as methodologically flawed. Knowledge of the natural
course of the disease and predictive factors for further
clinical development is key to making the correct decision
about optimal treatment procedure. Certain studies have
identified a range of predictors: radiological [8, 9], clin-
ical [6, 20] and electrophysiological [21]. One failed to
find any [4].

The need for trials documenting the long-term natural
course of the disease and predictors of it has been high-
lighted [1, 14, 15]. In the light of this situation, we organ-
ised a study to evaluate long-term outcomes in patients with
mild-to-moderate LSS and to analyse a wide range of
variables (demographical, clinical, imaging and electro-
physiological) as potential predictors of clinical outcomes.

Materials and methods
Study design

This study is a prospective observational cohort trial of
patients with mild-to-moderate LSS. Its first results (7-year
follow-up) have already been published [21] and further
analysis after 12 years is presented in this paper. The study
was reviewed and approved by the local medical research
ethics committee. Informed and signed consent was given
in writing by all subjects.

Patient population
The study group was recruited from a total of 151 patients

with clinically symptomatic LSS diagnosed, treated and
observed in the Department of Neurology of the University
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Hospital, between 1998 and 2002. The patients were con-
sidered for inclusion in the study if they fulfilled the fol-
lowing criteria:

e (linically symptomatic LSS (NC and/or radicular pain,
e.g. low back pain radiating below the knee to one or
both limbs).

e Mild-to-moderate LSS suitable for conservative therapy
at entry examination.

e Presence of central degenerative LSS (an osteoliga-
mentous narrowing of the lumbar spinal canal) on at
least one level, established by CT. The following
conditions did not prevent inclusion: degenerative
spondylolisthesis, radiographic instability of the lumbar
spine and degenerative lumbar scoliosis.

e Correlation between clinical and radiological findings.

e Age under 75 years at entry examination.

The assessment of LSS severity is based on the severity
of clinical impairment and its impact on patient disability.
We evaluated pain by means of a numerical rating scale
(0-10), counting mild pain: 0-3, moderate pain: 4-6.
Disability was assessed by means of the ODI with mild
disability: 040 % and moderate disability: 41-60 %.
Walking distance was also factored in, with mild impair-
ment: more than 201 metres, moderate impairment:
21-200 m. The severity of LSS was then derived from
order categorization of individual parameters.

The exclusion criteria were as follows:

e Presence of hip and/or knee joint arthrosis limiting
walking.

e Isolated herniated nucleus pulposus, isolated lateral or
foraminal stenosis, spondylolysis and isthmic
spondylolisthesis.

e Presence of arteriosclerotic peripheral vascular disease
of the lower extremity limiting walking.

e Presence of diabetes mellitus or other disease causing
polyneuropathy (to eliminate the effects of polyneu-
ropathy on electrophysiological and clinical neurolog-
ical examination).

e Presence of any other serious comorbidity (e.g. malig-
nancy, stroke, etc.).

Study treatment

Most of the patients were given multimodal conservative
treatment (analgesics, back exercises, physical therapy and
the use of a lumbosacral corset), especially at the beginning
of the study. Epidural steroid injections were administered
to only four patients during the 12-year follow-up. The
conservative therapy was changed and adjusted with
respect to the specific patient’s condition and complaints
during follow-up, and most of these patients were observed
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regularly at intervals of between 3 and 6 months. Surgery
consisted of a posterior decompressive laminectomy with
or without fusion (with or without instrumentation). The
type of operation was based on our own clinical experience
after taking into consideration the patient’s age, general
health status, activity level and also radiological findings
(the presence of spondylolisthesis, instability and scolio-
sis). Operation was suggested to a patient if deterioration of
clinical status or severe pain during follow-up had been
observed.

Clinical examination, history and scores

All patients were given a detailed clinical neurological
examination, including full medical history at initial and
final visit. Symptoms were confirmed by an experienced
neurologist specialising in LSS.

We investigated the presence of NC and resting pain
(low back pain with/without leg pain), BMI, average daily
pain score for lower back and/or lower limb measured on
an 11-point numerical rating scale (0—10), presence and
severity of lower limb paresis, positivity of straight leg
raising test (Lasegue’s sign), deep tendon reflexes, tactile
and vibratory sensation in the LL, walking test (evaluation
of a 10-m walk, including time taken to walk the distance
as quickly as possible without help), and running test
(evaluation of a 10-m run, including time taken to do the
run as quickly as possible without help).

The neurological impairment score in lumbar spinal
stenosis (NIS-LSS) was evaluated. This is a scoring system
for the assessment of neurological impairment in the lower
limbs of patients with LSS; the total score ranges from 0
(inability to walk) to 33 points (no impairment) [22].

The Functional Comorbidity Index (FCI) was calculated
at final visit. This index of comorbid diseases, with phys-
ical function as the outcome of interest, contains 18 diag-
noses scored by adding the number of “yes” answers. The
score ranges from 0, indicating no comorbid illness, to 18,
indicating the highest number of comorbid illnesses [23].
The FCI does not take into consideration the severity of the
diagnoses.

The Oswestry Disability Index was assessed at initial
and final visit to evaluate the disturbance of common
activities of daily living through LSS, to quantify sub-
jective problems and report the level of disability.

Evaluation of clinical outcome

The clinical outcome was assessed using objective criteria
and subjective self-evaluation (by patients).

Objective clinical outcome for the LSS patients was
classified as satisfactory (stable or improved clinical status)
or unsatisfactory (deterioration in clinical status).

The criteria for unsatisfactory objective clinical out-
come were the same as those used in evaluation after
7 years:

e New onset of neurogenic claudication becoming evi-
dent in the course of follow-up.

e Occurrence or progression of lower limb paresis.

e A minimum 15-point increase in the ODI.

e Indication for surgical treatment based on deterioration
of clinical status, severe pain and agreement of the
patient to surgery.

For definition of unsatisfactory objective outcome at
least one of these criteria had to be met.

Evaluation of the subjective clinical outcome was based
on self-reported status with respect to LSS. Patients were
asked to assess their status in comparison with that before
entry into the study by using the Likert-type five-category
scale: much worse, somewhat worse, about the same,
somewhat better, much better. Unsatisfactory subjective
outcome was defined as a worsening of patient status
(much worse or somewhat worse).

Radiological examination

The LSS patients were examined radiologically according
to the following protocol at initial visit:

e A plain radiograph of the lumbar spine was taken, with
assessment of the presence of spondylarthrosis, scoli-
osis and degenerative spondylolisthesis.

e (T axial scans at three levels (L3-S1) were performed.
The CT criteria for central stenosis have been described
in detail in a previous study of ours [21]. Anteropos-
terior and transverse interarticular diameters were
measured at three levels (L3-S1) and a morphological
evaluation was also made (presence of spondylosis,
facet joint arthrosis and hypertrophy of the ligamenta
compromising nervous structures). The CT scans were
assessed by an experienced neuroradiologist. The
lowest anteroposterior and transverse diameters at
L3-S1 levels and the number of stenotic levels were
evaluated.

The patients were also examined radiologically at the
end of study (after 12 years). An MRI of the lumbar spine
was performed to determine the number of stenotic levels.
The MRI scans were assessed by an experienced neuro-
radiologist. The presence of central stenosis on MRI of
the lumbar spine was considered in morphological terms
as encroachment on the thecal sac with compression of
nervous structures. When MRI was contraindicated in
patient (e.g. due to pacemaker or claustrophobia), CT
axial scans at three levels (L3-S1) were performed, as at
initial visit.

@ Springer



Eur Spine J

Electrophysiological examination

Electrophysiological examination of the lower extremities
included motor and sensory conduction studies, F-waves,
soleus H-reflex and needle EMG from the L4-S1 myoto-
mes. The presence of radiculopathy in patients with LSS
was investigated. Electrophysiological examinations were
performed at initial and final visits. A detailed description
of the electrophysiological examination is included in one
of our previous papers [21].

Statistical approaches

Standard robust summary statistics were used to describe
primary data: relative and absolute frequencies, median
and 5th-95th percentile range. The ML-y* test was
employed to compare experimental variants in categorical
variables and the non-parametric Mann—Whitney U test
was used for comparison of variants on the basis of con-
tinuous variables.

The diagnostic power of potential predictors of unsat-
isfactory outcome in LSS was assessed by means of ROC
curves. These ROC analyses were based on the binormal
assumption. MedCalec 11.1.0.0 (MedCalc Software
1993-2009) was used to estimate the sensitivity and
specificity of potential predictors in relation to unsatisfac-
tory outcome of LSS. Sensitivity and specificity estimates
were supplied with corresponding confidence intervals
based on binomial distribution.

Univariate and multivariate logistic regression was
applied to assess association of the predictive factors
examined and the risk endpoint (i.e. binary coded unsat-
isfactory outcome of LSS). Odds ratios at 95 % confidence
limits were calculated and tested in Wald »* test. Param-
eters with predictive power (providing at least p < 0.10 in
univariate logistic regression) were then examined for
mutual correlation and interaction terms were coded and
tested for significantly correlated pairs of variables. If used
in the models, effective cut-off values of continuous vari-
ables were optimised on the basis of ROC analysis. The
final set of potential predictive factors and interaction terms
entered an objective stepwise selection algorithm in mul-
tivariate logistic regression (driven by maximum likelihood
ratio test).

Correlation of objective and subjective outcome was
assessed by means of Spearman correlation coefficient,
while the effect of the FCI was tested by Mann—Whitney
U test. Comparison of radiological and electrophysiologi-
cal parameters between initial and final examination was
performed, with the statistical significance of difference
tested by McNemar test for categorical data and by Wil-
coxon signed-rank test for continuous parameters.
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Results
Patient characteristics and follow-up

Seventy-one patients fulfilled the inclusion criteria and
were enrolled into long-term follow-up. Fifty-three patients
underwent clinical examination at their check-up after
12 years (46 of them underwent clinical examination after
7-year follow-up); 18 patients did not take part (7 of them
died, 2 changed address, 9 gave no reason for absence).
Radiological examination after 12-year follow-up was
performed in 50 patients (2 patients refused this examina-
tion and 1 patient was too obese for the MRI gantry) and
electrophysiological examination in 46 patients (7 patients
refused this examination). Figure 1 summarises subject
recruitment. The period of follow-up was 139 months
(median); range 99—162 months.

Clinical outcome
Objective clinical outcome

The LSS patients were divided into two subgroups based
on the above-mentioned criteria for objective clinical out-
come. An unsatisfactory clinical outcome (worse clinical
status) was disclosed in 24 patients (45.3 %) and a satis-
factory outcome in 29 patients (54.7 %) based on objective
criteria. The basic characteristics of LSS patients on entry,
including the two subgroups, appear in Table 1. Both
subgroups (with satisfactory and unsatisfactory objective
outcome) were comparable in characteristics such as
duration of follow-up, sex, age and BML

During the 12-year follow-up, seven patients (13.2 %)
underwent surgery (decompressive operation with addition
of fusion in indicated cases, with or without instrumenta-
tion) because of severe symptoms (failure of conservative
treatment). The median time period from entry to surgery

~
161 pts
with LSS

J

s N
71 pts

fulfilled the inclusion criteria
J
\

63 pts

with clinical follow-up

46

50
with EMG follow-up with radiological follow-up

Fig. 1 Study flowchart including subject recruitment



Eur Spine J

Table 1 Initial characteristics of LSS patients

Parameters' All patients (N = 53) Objective clinical outcome after 12-year follow-up
Satisfactory (N = 29) Unsatisfactory (N = 24) IS
Follow-up (months) 139 (112; 151) 139 (101; 157) 139 (115; 147) 0.604
Patient characteristics
Sex, men 23 (43.4 %) 13 (44.8 %) 10 (41.7 %) 0.817
Age at entry (years) 55 (42; 71) 56 (42; 71) 55 (42; 71) 0.485
<55 27 (50.9 %) 14 (48.3 %) 13 (54.2 %) 0.669
>55 26 (49.1 %) 15 (51.7 %) 11 (45.8 %)
BMI 28.7 (22.6; 40.9) 29.4 (23.8; 37.7) 28.1 (21.6; 42.5) 0.574
Obesity (BMI > 30) 18 (34.0 %) 12 (41.4 %) 6 (25.0 %) 0.210
Clinical characteristics
Neurogenic claudication at entry 28 (52.8 %) 16 (55.2 %) 12 (50.0 %) 0.707
Resting low back pain at entry 38 (71.7 %) 22 (75.9 %) 16 (66.7 %) 0.459
Lower limb paresis at entry 18 (34.0 %) 10 (34.5 %) 8 (33.3 %) 0.930
Positive Laségue’s sign 17 (32.1 %) 10 (34.5 %) 7 (29.2 %) 0.680
Abnormal tactile sensation in LL 27 (50.9 %) 15 (51.7 %) 12 (50.0 %) 0.901
NIS-LSS 29 (17; 33) 29 (15; 33) 28 (19; 33) 0.661
ODI at entry 40.0 (6.0; 68.0) 42.0 (6.0; 64.0) 38.0 (12.0; 68.0) 0.720
Pain at entry (NRS) 4.0 (1.0; 7.0) 4.0 (1.0; 7.0) 4.5 (1.0; 8.0) 0.392
Ability to perform walking test 43 (81.1 %) 23 (79.3 %) 20 (83.3 %) 0.196
Walking test(s) 9.2 (6.8; 17.8) 8.0 (6.8; 16.0) 9.5 (6.0; 22.4) 0.092
Ability to perform running test 31 (58.5 %) 17 (58.6 %) 14 (58.3 %) 0.885
Running test(s) 4.8 (3.0; 8.5) 4.6 (3.0; 8.5) 5.0 (24;9.4) 0.404
Lumbar spine surgery before entry 7 (13.2 %) 3 (10.3 %) 4 (16.7 %) 0.499
Radiology
Lowest AP diameter 11.0 (7.4; 13.7) 11.1 (8.6; 13.8) 10.8 (7.1; 13.6) 0.362
Lowest transverse diameter 13.4 (6.6; 18.7) 14.6 (6.6; 19.6) 12.2 (6.6; 16.6) 0.020
Number of stenotic levels
1 12 (22.6 %) 7 (24.1 %) 5 (20.8 %) 0.241
2 25 (47.2 %) 16 (55.2 %) 9 (37.5 %)
3 16 (30.2 %) 6 (20.7 %) 10 (41.7 %)
Spondylarthrosis 46 (86.8 %) 25 (86.2 %) 21 (87.5 %) 0.890
Degenerative spondylolisthesis 15 (28.3 %) 7 (24.1 %) 8 (33.3 %) 0.459
Electrophysiology
H-reflex—normal 28 (52.8 %) 18 (62.1 %) 10 (41.7 %) 0.088
H-reflex—unilateral abnormality 15 (28.3 %) 8 (27.6 %) 7 (29.2 %)
H-reflex—bilateral abnormality 9 (17.0 %) 2 (6.9 %) 7 (29.2 %)
H-reflex—occurrence 45 (84.9 %) 26 (89.7 %) 19 (79.2 %) 0.288
H-reflex amplitude—mean 2.1 (04;5.2) 2.1 (0.6; 5.1) 2.1 (0.2; 7.0) 0.323
H-reflex latency—mean 31.4 (28.0; 38.0) 31.4 (28.5; 34.7) 32.4 (27.5; 38.9) 0.621
Radiculopathy 38 (71.7 %) 20 (69.0 %) 18 (75.0 %) 0.627
Monoradicular involvement 15 (28.3 %) 9 (31.0 %) 6 (25.0 %) 0.463
Pluriradicular involvement 23 (43.4 %) 11 (37.9 %) 12 (50.0 %)

! Categorical data are described by absolute number and percentage of patients in given category; continuous variables are described by median and 5th—

95th percentile

2 Statistical significance of difference between subgroups is tested by ML-y* test for categorical data and by Mann—Whitney U test for continuous
parameters. Results significant at o = 0.05 level appear in bold
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was 34 months (range 5-97 months). Three patients
underwent a second operation, again for deterioration of
symptoms, with intervals after the first operation of 14, 36
and 65 months.

One patient was given an implant for spinal cord stim-
ulation to reduce the pain, to good effect.

Subjective clinical outcome

Twenty-three patients of the conservative treatment group
(46 patients) evaluated their outcome as satisfactory and 23
patients as unsatisfactory (much worse or somewhat
worse). Three patients of the seven operated upon evalu-
ated their outcome as satisfactory and four of them as
unsatisfactory. In summary, satisfactory subjective clinical
outcome was disclosed in 43.4 % of the patients with mild-
to-moderate LSS.

Correlation of objective and subjective clinical
outcomes

A correlation of objective and subjective clinical outcomes
was performed only for patients treated conservatively, as
surgical treatment was one of the criteria for unsatisfactory
objective clinical outcome. The correlation between objec-
tive and subjective outcome was not significant (Spearman
correlation coefficient 0.225, p = 0.132) (Table 2). An
agreement between the two outcomes was found in 60.9 %
of patients. Unsatisfactory subjective outcome was associ-
ated with satisfactory objective outcome in 26.1 %, and the
opposite in 13.0 % of patients (Table 3). The patients with
unsatisfactory subjective clinical outcome despite satisfac-
tory objective clinical outcome revealed the highest FCI
(median FCI = 5) of all subgroups and the difference in FCI
between this subgroup and the whole of the remaining
sample was statistically significant (p = 0.041).

Comparison of objective clinical outcomes after 7-
and 12-year follow-ups

A comparison of outcomes for 46 patients appears in
Fig. 2.

Satisfactory objective clinical outcome was disclosed in
27 patients (58.7 %) after 7-year follow-up and in 25
(54.3 %) patients after 12-year follow-up. Thirty-eight
patients (82.6 %) exhibited the same trend of development
(satisfactory or unsatisfactory) after 7 and 12 years, but five
patients with satisfactory outcome after 7 years showed
unsatisfactory outcome after 12 years and the opposite
trend was found in three patients with unsatisfactory out-
come who showed satisfactory outcome after 12 years.

Unsatisfactory objective clinical outcome is defined by
the four parameters mentioned above; changes in these
factors between 7- and 12-year follow-up appear in Fig. 2.
The majority of patients (71.7 %) exhibited no change in
these factors so their clinical course was considered stable
between the seventh and twelfth year of the follow-up.

Radiological and electrophysiological findings
during follow-up

The number of stenotic levels was assessed at entry and
after 12 years. The median was two stenotic levels at initial
and final examination; no statistically significant change
was shown for conservatively treated patients (Table 4).
The comparison of electrophysiological findings in un-
operated patients after 12 years established no statistically
significant changes with reference to the presence of
radiculopathy, monoradicular involvement, pluriradicular
involvement or the number of affected roots (Table 4).

Predictors of clinical objective outcome

Demographical and clinical predictors

Differences in initial demographical and clinical parame-
ters between the two subgroups (with satisfactory and
unsatisfactory objective clinical outcome) were evaluated
and no statistically significant difference in any of the
potential clinical predictors emerged (Table 1).

Radiological predictors

The initial radiological parameters were evaluated in the
two subgroups. Patients with unsatisfactory objective

Table 2 Objective and subjective clinical outcome after 12-year follow-up (only patients without surgery during follow-up: N = 46)

Subjective outcome Total
Satisfactory Unsatisfactory
Objective outcome Satisfactory 17 (37.0 %) 12 (26.1 %) 29 (63.0 %)
Unsatisfactory 6 (13.0 %) 11 (23.9 %) 17 (37.0 %)
Total 23 (50.0 %) 23 (50.0 %) 46 (100.0 %)

Spearman correlation coefficient between objective and subjective outcome is 0.225 (p = 0.132)
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Table 3 Relationship between number of comorbidities and sub-
jective or objective perception of clinical outcome after 12-year fol-
low-up (only patients without surgery during follow-up: N = 46)

Table 4 Comparison of radiological and electrophysiological
parameters after 12-year follow-up (only patients without surgery)

2

Parameters' At entry After 12-year p
N (%) FCI' P’ follow-up
Objective and subjective satisfactory 17 (37.0) 4 (2;6) 0.660 Radiology
outcome Number of stenotic 2(1;3) 2 (05 3) 0.459
Only subjective unsatisfactory outcome 12 (26.1) 5 (2;9) 0.041 levels®
Only objective unsatisfactory outcome 6 (13.0) 3 (1; 6) 0.561
. 4
Objective and subjective unsatisfactory 11 (23.9) 3 (1; 6) 0.254 Electrophysiology
outcome Radiculopathy 27 (69.2 %) 31 (79.5 %) 0.289
! Functional Comorbidity Index—number of comorbid illnesses Monorladiculatr 13333 %) 10 (25.6 %) 0.508
involvemen
2 Statistical significance of difference in FCI between given subgroup L
and the whole remaining sample is tested by Mann—Whitney U test. Pl}lrlrzildlcular 14 (359 %) 20 (51.3 %) 0.109
Results significant at oo = 0.05 level appear in bold mvolvement
Number of affected 1(0; 6) 2(0;4) 0.399
roots
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Fig. 2 Comparison of objective clinical outcome after 7-year follow-
up and 12-year follow up with respect to number/change of fulfilled
criteria for unsatisfactory outcome (analysis included only patients
who underwent both 7 and 12-year examinations: N = 46)

clinical outcome showed a significantly lower median
value of the lowest transverse diameter (12.2 vs. 14.6 mm,
p = 0.02), while any differences in the lowest AP param-
eter, number of stenotic levels, the presence of spondyl-
arthrosis and degenerative spondylolisthesis were not
significant.

ROC analysis of potential predictors of unsatisfactory
objective clinical outcome in patients with LSS disclosed
the lowest transverse diameter as the only effective dis-
criminating factor between the two subgroups of patients,
at a sensitivity of 75.0 % and specificity of 65.5 %
(p = 0.02) when using an optimal cut-off point of 13.6 mm
(Table 5; Fig. 3). Normal value for transverse diameter is
at least 16 mm (based on our own normal data). We also
calculated the odds ratio (OR) of this potential predictor for
unsatisfactory objective clinical outcome in LSS patients.
Univariate analysis led to statistically significant OR (crude

! Categorical data are described by absolute number and percentage
of patients in given category; continuous variables are described by
median and 5th-95th percentile

% Statistical significance of difference between entry examination and
control examination is tested by McNemar test for categorical data
and by Wilcoxon signed-rank test for continuous parameters

3 Only patients without surgery during follow-up and with known
information of number of stenotic level at both examinations
(N = 43)

4 Only patients without surgery undergoing EMG at both examina-
tions (N = 39)

OR) for unsatisfactory outcome at the lowest transverse
diameter 13.6 mm or less (OR = 4.91), and multivariate
logistic regression proposed this parameter as an indepen-
dent predictor of unsatisfactory objective clinical outcome
(OR = 5.51) (Table 6).

Electrophysiological predictors

The presence of radicular involvement found by EMG was
established in 71.7 % of patients (69 % with satisfactory
outcome and 75 % with unsatisfactory outcome) at entry
examination. Pluriradicular involvement was more fre-
quent than monoradicular lesion in patients with unsatis-
factory objective clinical outcome (50.0 vs. 25.0 %)
compared to the subgroup with satisfactory outcome (37.9
vs. 31.0 %) but this was not statistically significant. We
found no statistically significant difference in the soleus
H-reflex parameters (amplitude, latency) between the two
subgroups, but bilaterally abnormal soleus H-reflex was
more frequent in patients with unsatisfactory outcome
(29.2 vs. 6.9 %). The calculation of OR for unsatisfactory
outcome revealed a significant figure (OR = 6.3) for
bilaterally abnormal soleus H- reflex in univariate analysis,
but the multivariate logistic regression did not confirm this
parameter as an independent predictor of unsatisfactory
objective clinical outcome (OR = 5.13, p = 0.087).
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Table 5 ROC analysis of
potential predictors for
unsatisfactory objective clinical
outcome of LSS

! Area under the ROC curve
with corresponding 95 %
confidence interval and
statistical significance. Results
significant at o = 0.05 level

appear in bold

% Optimal cut-off points for
binary coding of parameters

3 Sensitivity and specificity for
given cut-off point

Variable AUC (95 % CI)!  p! Optimal ~ Sensitivity>  Specificity”
cut-off> (%) (%)

Age at entry 0.56 (0.40; 0.71) 0.486 <47 29.2 86.2
BMI 0.55 (0.38; 0.71) 0.574 <294 70.8 51.7
Clinical characteristics

NIS-LSS 0.54 (0.38; 0.69) 0.662 <26.8 45.8 65.5

ODI at entry 0.53 (0.37; 0.69) 0.721 <41 66.7 51.7

Pain at entry (NRS) 0.57 (0.41; 0.72) 0.401 >4 66.7 48.3

Walking test(s) 0.65 (0.48; 0.82) 0.093 >7.8 85.0 435

Running test(s) 0.59 (0.38; 0.79) 0.405 >4.7 64.3 52.9
Radiology

Lowest AP diameter 0.57 (0.42; 0.73) 0.362 <113 75.0 48.3

Lowest transverse diameter 0.69 (0.54; 0.83) 0.020 <13.6 75.0 65.5
Electrophysiology

H-reflex amplitude—mean 0.59 (0.41; 0.76) 0.334 <0.7 36.8 92.3

H-reflex latency—mean 0.54 (0.36; 0.73) 0.621 >33.9 36.8 92.3
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Fig. 3 The lowest transverse diameter as a predictor for unsatisfactory objective clinical outcome after 12-year follow-up

Discussion

This prospective study describes long-term outcomes (12-
year follow-up) for patients with mild-to-moderate LSS,
primarily treated conservatively, and assesses a wide range
of potential predictors of clinical outcomes in these
patients. To the best of our knowledge, this is the first study
that evaluates LSS patients so comprehensively and over
such a long period.

Unsatisfactory clinical outcome (worse status) based on
objective criteria was found in 45.3 % of patients, and
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unsatisfactory outcome based on subjective patient evalu-
ation was established in 56.6 % of patients, a slightly
higher proportion compared to the 11-33 % reported in
other studies [3, 4, 8, 9]. Satisfaction with the course of
disease and treatment is naturally very difficult to evaluate
and compare. The results are dependent on several different
factors, among them the definitions of end-points, satis-
factory or unsatisfactory outcomes, duration of follow-up,
severity of LSS and type of treatment. The assessment of
objective clinical outcome for this study is based on a
combination of four strictly defined criteria, selected to
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Table 6 Potential predictors for unsatisfactory objective clinical outcome after 12-year follow-up of LSS in logistic regression models

%l

Crude OR?

2

Multivariate-adjusted OR>

3

Parameters (categories) p P
Total 45.3
Patient characteristics
Sex, men 43.5 1.14 (0.38; 3.39) 0.817
Age at entry (years) - 0.98 (0.93; 1.04) 0.545
Age >55 42.3 0.79 (0.27; 2.34) 0.670
BMI - 1.01 (0.92; 1.11) 0.804
Obesity (BMI >30) 333 2.12 (0.65; 6.91) 0.214
Clinical characteristics
Neurogenic claudication at entry 42.9 0.81 (0.27; 2.40) 0.707
Resting low back pain at entry 42.1 0.64 (0.19; 2.12) 0.461
Lower limb paresis at entry 44.4 0.95 (0.30; 2.98) 0.930
Positive Lasegue’s sign 41.2 0.78 (0.24; 2.51) 0.680
Abnormal tactile sensation in LL 44.4 0.93 (0.32; 2.75) 0.901
NIS-LSS - 0.99 (0.90; 1.11) 0.929
ODI at entry - 0.99 (0.96; 1.03) 0.753
Pain at entry (NRS) - 1.15 (0.87; 1.52) 0.343
Ability to perform walking test 46.5 1.30 (0.32; 5.29) 0.710
Walking test(s) - 1.15 (0.96; 1.38) 0.129
Ability to perform running test 45.2 1.10 (0.31; 3.92) 0.886
Running test(s) - 1.21 (0.75; 1.95) 0.440
Lumbar spine surgery before entry 57.1 1.73 (0.35; 8.64) 0.502
Radiology
Lowest AP diameter - 0.87 (0.61; 1.23) 0.427
Lowest transverse diameter - 0.83 (0.71; 0.98) 0.026
Lowest transverse diameter <13.6 62.1 491 (1.49; 16.14) 0.009 5.51 (1.47; 20.61) 0.011
Number of stenotic levels
1 41.7 Basal category -
2 36.0 0.79 (0.19; 3.22) 0.740
3 62.5 2.33 (0.51; 10.78) 0.278
Spondylarthrosis 45.7 1.12 (0.22; 5.58) 0.890
Degenerative spondylolisthesis 53.3 1.57 (0.47; 5.23) 0.461
Electrophysiology
H-reflex—normal 35.7 Basal category -
H-reflex—unilateral abnormality 46.7 1.58 (0.44; 5.64) 0.485
H-reflex—bilateral abnormality 77.8 6.30 (1.09; 36.30) 0.039 5.13 (0.79; 33.50) 0.087
H-reflex—occurrence 42.2 0.44 (0.09; 2.06) 0.297
H-reflex amplitude—mean - 0.92 (0.63; 1.33) 0.651
H-reflex latency—mean - 1.09 (0.87; 1.36) 0.461
Radiculopathy 474 1.35 (0.40; 4.54) 0.628
Monoradicular involvement 40.0 0.74 (0.22; 2.49) 0.628
Pluriradicular involvement 52.2 1.64 (0.55; 4.90) 0.379

! Percentage of worsened patients within category given by the predictor (only for categorised predictors)

2 0dds ratio with 95 % confidence interval (in parentheses); statistical significance based on Wald’s test

3 Only statistically significant multivariate-adjusted ORs are displayed (variables selected by stepwise selection). Results significant at & = 0.05

level appear in bold
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minimise the influence of current treatment and age of
patient. In other studies, the most frequently referenced
end-points are intensity of pain, the ODI, physical function
scores, patient’s global assessment, patient’s self-reported
improvement, walking ability and neurological deficit [4—
7, 10-13].

Surprisingly, we found no significant correlation
between subjective and objective clinical assessment of
outcome. One of the reasons for this might be the low
reliability of patient’s subjective assessment arising out of
the long period between the time points compared (patients
probably unable to recall clearly how they felt at the time
of the initial visit). Comorbidities might also influence
subjective assessment of current status. We found that
patients with isolated subjective unsatisfactory clinical
outcome had the highest FCI. This finding is in agreement
with other studies that have demonstrated the unfavourable
effects on surgical and nonoperative outcomes of an
increasing comorbidity burden, including depression and
other psychiatric disorders [24-27].

In this study, in the course of a 12-year follow-up seven
patients (13.2 %) required surgery due to failure of con-
servative treatment, fewer compared to previous studies, in
which 36-39 % of medically treated patients underwent an
operation during a 10-year period [4, 7]. The lower number
of conservative treatment failures in our study in compar-
ison with studies with mild-to-moderate LSS may be
explained by higher patient motivation towards conserva-
tive treatment because the examining physician was a
neurologist rather than a surgeon. Comparison of objective
clinical outcomes after 7- and 12-year follow-ups implies
stability of clinical course, which agrees with previous
study results showing no clinically significant deterioration
of symptoms during long-term follow-up of nonsurgically
treated patients [4, 6].

The search for outcome predictors is very useful to the
indication of the probable course of LSS and to help find the
optimal therapy. A number of studies have dealt with pre-
dictors for postoperative clinical outcome [25-29], but pre-
dictors for nonsurgical outcome or natural course have been
explored in only a few. In this study, radiological severity of
LSS (expressed as the lowest transverse diameter of the
spinal canal) was found to be the only independent predictor
of deterioration in clinical status in mild-to-moderate LSS
treated conservatively. The radiological severity of LSS was
established as an independent predictor of unsatisfactory
clinical outcome only for 12-year follow-up, not for the
7-year follow up [21]. The lowest transverse diameter of
spinal canal reflects the severity of the acquired (secondary)
stenosis. Some studies confirm the predictive value of
severity of LSS [8], but some do not [4, 20]. There was no
statistically significant association of number of levels and
outcome, which is in agreement with other studies [8, 9].

@ Springer

In our previous study, multivariate logistic regression
proposed two electrophysiological variables as mutually
independent predictors of unsatisfactory outcome: EMG
signs of pluriradicular involvement and averaged soleus
H-reflex amplitude <2.8 mV; bilaterally abnormal soleus
H-reflex was confirmed as a predictor of unsatisfactory
outcome in univariate analysis only, as in the present study
[21]. Our two studies have demonstrated that certain
electrophysiological parameters have some predictive
value, namely abnormalities of the soleus H-reflex and the
presence of pluriradicular involvement, and we recommend
use of needle EMG and conduction studies as standard
examination in patients with LSS. The only available study
that deals with electrophysiological predictors in LSS
patients found no correlation between severity of EMG
findings and future pain or disability [20]. The Haig study
and the present study, however, differ in many ways,
especially in follow-up period (1.5 years vs. 7 and
12 years) and in definition of outcomes.

Like Amundsen et al., [4] our study found no clinical
predictors of unsatisfactory outcome, while the Maine
Lumbar Spine Study showed that several clinical variables
are predictors of clinical outcome for both surgically and
nonsurgically treated patients [6].

The discrepancy in predictors between different studies
may be attributed to many factors. The studies differ in the
severity of stenosis, the type of conservative treatment,
duration of follow-up, parameters evaluated and especially
in definition of outcomes. Furthermore, the predictive
value may be outcome-specific and objective outcome
measures (such as neurological/clinical examination,
treadmill test) are used quite rarely in published studies.
Thus, there is the possibility that a depressed patient enjoys
the same “objective” benefit of treatment but nonetheless
reports a worse outcome because of depression [25]. This
discrepancy between objective and subjective outcomes
was also evident in our study, and so the evaluation of both
subjective and objective outcomes appears helpful.

The present study has some limitations. The number of
patients recruited is relatively low, a total of 151 patients
with clinically symptomatic LSS. The strict inclusion cri-
teria necessary to eliminate factors that might influence
outcome (e.g. serious comorbidity, diabetes mellitus, high
age) were fulfilled by only 71 patients and only 53 patients
completed the follow-up. The drop-out (18 patients) is
appropriate to the duration of follow-up. Mode of radio-
logical examination also proved limiting. We used CT
scans at three levels at the initial visit, as CT was the
standard evaluation for LSS at that time, but MRI of the
lumbar spine was used for the check-up radiological
examination after 12 years in most of our LSS patients.
MRI is recommended today; it is more accurate and carries
no radiation load. We decided to compare only the number
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of stenotic levels established by CT and MRI without
comparison of spinal canal diameters. Still, there exists a
risk of missing stenosis at higher levels of the lumbar spine
when CT is used. A further possible source of inaccuracy in
radiological data in this study is the morphological evalu-
ation of MRI scans (and partially CT scans), which remains
somewhat subjective. The effectiveness of CT and espe-
cially MRI could be improved by using the cross-sectional
area of the dural sac. The evaluation of predictors also has
its limitations, particularly the choice of criteria for
objective clinical outcome. The ODI as a quantitative
measure of disability is based on the subjective judgement
of patients, but this score was used as one of criteria for
objective clinical outcome in this study. Some potential
predictors, such as duration of symptoms, walking ability
(measured on a treadmill), smoking, income, education,
marital status and depression at entry, were not analysed.
This study, evaluating outcome predictors in LSS, con-
centrates only upon outcomes of conservative treatment. It
is useful to counsel patients about their likely conservative
outcomes, but these factors cannot provide an answer to the
question of what kind of therapy is better for patients. The
natural history of LSS will probably be close to the results
of our study with conservative treatment, but it should be
taken into consideration that any treatment may affect this
natural history.

However, the advantage of this study is a prospective,
long-term, comprehensive (clinical, radiological, electro-
physiological) follow-up.

Conclusions

e For patients with mild-to-moderate LSS, a satisfactory
objective clinical outcome (unchanged or better clinical
status) was disclosed in about 55 % and satisfactory
subjective clinical outcome in 43 % in a 12-year fol-
low-up.

e The number of comorbid diseases, including psychiat-
ric disorders, had an unfavourable effect on the
subjective evaluation of clinical outcome.

e Electrophysiological and radiological findings did not
demonstrate significant changes after 12-year follow-
up. The objective clinical course was largely stable
between the seventh and twelfth year of follow-up.
These findings support an assumption that LSS is a
slowly progressive chronic disorder.

e Radiological severity of LSS (lowest transverse diam-
eter of spinal canal) was predictive of deterioration of
clinical status in these patients.
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ORIGINAL ARTICLE

Differential diagnostics in patients
with mild lumbar spinal stenosis:
the contributions and limits of various tests

Abstract Lumbar spinal stenosis
(LSS) and diabetic polyneuropathy
are common ailments of older age.
Many people suffer from both at the
same time. In such patients it may
sometimes be difficult to separate
signs and symptoms that could be at-
tributed to either disease. This study
evaluates the contributions and limits
of various tests, especially the exer-
cise treadmill test (ETT) and electro-
physiological examination, in the di-
agnostics of patients with mild LSS.
Twenty-nine patients with mild LSS
documented by computed tomogra-
phy (CT) participated in this study.
Sixteen of the patients had neuro-
genic claudication (LSS NC+), and
13 patients did not (LSS NC-). Pa-
tients with LSS were compared with
a group of 24 patients with diabetic
polyneuropathy and 25 healthy vol-
unteers. The distance covered, the
time spent walking and the reasons
for preliminary termination of the
ETT were evaluated in all groups.
Initial electrophysiological examina-
tion included electromyography
(EMG) from the upper and lower ex-
tremities and motor evoked poten-
tials (MEPs) to the lower extremi-
ties. LSS NC+ patients covered a
significantly shorter distance and the
time spent walking was significantly
shorter than in LSS NC- patients and
in the two control groups. The main
reason for preliminary termination of
the ETT was the development of NC

in 67% of the LSS NC+ patients. In
contrast, no LSS NC- patient and
none from the control groups re-
vealed NC, but 31% of LSS NC-
patients were not able to finish the
ETT for other reasons (e.g. dyspnoea).
Electrophysiological parameters
evaluated from the upper extremities
distinguished diabetic patients from
LSS patients. The latencies of the
tibial F-wave, soleus H-reflex and
spinal MEP response reliably distin-
guished healthy volunteers from dia-
betic patients and LSS patients, and
particularly LSS patients from dia-
betic patients. The chronodispersion
of the tibial F-wave distinguished
LSS NC+ patients from the other
groups. The results of the study
show that electrophysiological exam-
ination contributes to the differential
diagnostics between mild lumbar
spinal stenosis and diabetic polyneu-
ropathy. The contribution of electro-
physiological methods in verification
of NC in LSS patients is limited
(chronodispersion of the tibial
F-wave only). The ETT is useful in
confirmation of NC and walking ca-
pacity verification, but restriction of
walking capacity should be carefully
analysed.

Keywords Lumbar spinal stenosis -
Neurogenic claudication - Exercise
treadmill test - Diabetic
polyneuropathy -
Electrophysiological examination
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Introduction

Lumbar spinal stenosis (LSS) is defined as any type of
narrowing of the spinal canal, nerve root canal, or inter-
vertebral foramina [3]. In the pathogenesis of LSS, the de-
generative process of the lumbar spine is the main com-
ponent producing the compression of neural tissue in the
spinal and/or nerve root canal [2]. The stenosis is classi-
fied as central or lateral, congenital or acquired; combina-
tions are common.

The typical symptoms of LSS include neurogenic clau-
dication (NC), back and leg pain and mixed symptoms
[8]. NC limits walking in patients with LSS because, after
walking a short distance, patients experience weakness,
tiredness, or heaviness of the legs that gradually increases
and causes them to stop. A suspected pathophysiological
mechanism underlying NC is intermittent hypoxia of the
cauda equina fibres that may lead to ischaemic nerve con-
duction failure and to transient clinical and electrophysio-
logical changes after exercise [10]. The exercise treadmill
test (ETT) is used to verify complaints experienced by pa-
tients while walking.

The diagnosis of LSS is based on the results of clinical
examination and radiological documentation of narrowing
of the lumbar spinal canal [7, 9, 13, 14]. The clinical dif-
ferentiation between lumbosacral polyradicular disease
(typical of LSS) and generalised peripheral neuropathies
of the distal-axonal type (typical of diabetic patients) can
sometimes be difficult. Bilateral, multiple lumbosacral
radiculopathies (cauda equina lesion) are found in approx-
imately half of patients with LSS [15]. Both diseases ap-
pear frequently in older age and may present with numb-
ness and tingling of the feet, and helpful clinical clues
such as back pain, proximal weakness, or radiating pain
into the legs may be absent [4]. In such a situation, elec-
trophysiological examination can be useful.

The purpose of the study was to evaluate the contribu-
tions and the limits of various tests (especially ETT and
electrophysiological examination) in the diagnostics of
patients with mild LSS, with respect to the presence of
NC.

Materials and methods
Patients with LSS

Twenty-nine patients (16 men, 13 women) were recruited consec-
utively from a total of 132 patients with LSS treated and observed
in the Department of Neurology, Faculty Hospital, Brno, between
1998 and 2001.

With respect to the presence or absence of NC in the history,
they were divided into two subgroups — 16 patients with NC, 13
patients without NC.

Inclusion criteria for the selected patients with LSS

The following inclusion criteria were used for patients with LSS:

e Clinically symptomatic LSS (NC and/or low back pain)

e At least one-level central LSS documented by computed tomog-
raphy (CT)

e A mild degree of LSS (no paresis, ability to walk without
crutches, no opiates)

e Absence of hip and/or knee joint arthrosis limiting walking

e Absence of arteriosclerotic peripheral vascular disease of the
lower extremities limiting walking

e Absence of diabetes mellitus

e No serious cardiac disease

Control groups

Two control groups were assessed: one was a group of patients
with diabetic polyneuropathy, the other was a group of healthy
volunteers. A random sample was initially recruited, and individu-
als were then selected from this pool on a “case-control” basis, in
order to match the LSS patients with respect to age and height.

There were 24 patients in the control group with diabetic
polyneuropathy (15 men, 9 women). The criteria for inclusion in
this group were:

Diabetes mellitus type I or 11

Signs of polyneuropathy (numbness and/or tingling of feet)

No low back pain or NC

Normal diameter of the lumbar spinal canal

Absence of arteriosclerotic peripheral vascular disease of the
lower extremities limiting walking

e No serious cardiac disease

The other control group comprised 25 healthy volunteers (8 men,
17 women) without low back pain or NC in their history, and with-
out diabetes mellitus, no complaints, and normal clinical findings
from the lower extremities.

Radiological examination

All patients were examined radiologically according to the follow-
ing protocol:

1. A plain radiograph of the lumbar spine was taken in the LSS
patients, with assessment of the presence of spondylarthrosis,
scoliosis and degenerative or isthmic spondylolisthesis.

2. CT axial scans at three levels (L3-S1) were performed in LSS
patients and in patients with diabetic polyneuropathy. The fol-
lowing standard parameters of the spinal canal were measured:

e The anteroposterior (AP) diameter of the spinal canal at the
level of the middle of the L3, L4, and L5 vertebrae (Fig. 1)

e The transverse interarticular (IA) diameter (between ventral
margins of facet joints) at the level of the upper margins of
the L3/4, L4/5 and L5/S1 disc (Fig.2)

e The lateral recess diameter bilaterally at the same level as the
transverse diameter

CT criteria of spinal stenosis were based on our own normal data [1]:

e Central stenosis: anteroposterior diameter <11.7 mm and/or
transverse diameter <16.0 mm
e Lateral stenosis: lateral recess diameter <5.2 mm

The number of stenotic levels and the smallest anteroposterior and
transverse diameter at L3-S1 levels were evaluated.

Exercise treadmill test

Quantified walking (speed for the first 3 min, 1.6 km/h; next 3 min,
2.4 km/h; following 3 min, 3.2 km/h; and final 3 min, 4.0 km/h) on
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Fig.1 Axial computed tomography (CT) scan of lumbar spine of
a patient with central anteroposterior (AP) stenosis at the level of
the middle of the L4 vertebra (AP diameter = 9.3 mm)
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Fig.2 Axial CT scan of lumbar spine of a patient with central
transverse stenosis at the level of the upper margin of the L4/L5
disc (interarticular diameter = 8.0 mm)

a treadmill was performed in all groups. In the event of patient dis-
comfort during walking (e.g. NC, dyspnoea, etc.), the exercise was
aborted. The distance covered, the time spent walking and reasons
for any premature termination of the test were evaluated in all
groups.

Electrophysiological examination

In all groups the following parameters were examined:

e Soleus H-reflex (determination of latency and amplitude); sub-
maximal stimuli with increasing voltage were delivered to pro-
vide the maximum H-reflex amplitude

e Tibial F-wave (determination of minimal latency, chronodisper-
sion and persistence)

e Motor evoked potentials (MEPs) to abductor hallucis (AH)
muscle (determination of spinal latency, cortical latency, central
motor conduction time, amplitude of cortical response)

In patients with LSS and diabetic patients, electrophysiological ex-
amination was extended by recording motor and sensory conduc-
tion from the lower extremities, sensory action potential of radial
nerve, ulnar F-wave, and needle electromyography from the lower
extremities.

Clinical examination in LSS patients

Patients with LSS also underwent a clinical examination according
to the following protocol:

e Walking test: evaluation of the ability and time needed to cover
a distance of 10 m by walking without help, as quickly as possi-
ble

e Running test: evaluation of the ability and time needed to cover
a distance of 10 m by running without help, as quickly as possible

e Evaluation of the presence of NC in the patient’s history

Statistical methods

All the examined quantitative variables revealed normal, symmet-
ric distribution as demonstrated by the Shapiro-Wilks test. The data
were expressed by standard exploratory techniques and summed
by common robust statistics (median and appropriate quantiles), in
order to display real distribution patterns even within groups lim-
ited by sample size. Comparative analyses were based on non-
parametric techniques, namely the Mann-Whitney U test and, in
the event of more than two variants, the Kruskal-Wallis ANOVA
test [12, 16].

Multiple comparisons of qualitative variables were based on
multiple or two-sample binomial tests. However, the relative fre-
quency profiles of many parameters nearly covered the whole
spectrum of possible values (0—100%) and gave rise to substantial
differences from normal distribution in the resulting binomial P es-
timate. This is why the comparison of the estimates was computed
either by approximation to normal distribution or by F-distribution
according to Brownlee [5] and Zar [16].

Results

All groups are fully comparable with respect to the age
and height, the difference in gender structure has no im-
pact on bias in the differential tests. As expected, patients
with LSS revealed significantly smaller anteroposterior
and transverse diameters of the lumbar spinal canal than
the diabetic patients.

ETT in the diagnostics of patients with mild LSS
with respect to the presence of NC

The LSS patients covered a shorter distance and the time
spent walking was significantly shorter than in both con-
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Table 1 Basic comparison of
groups. Quantitative param-
eters are expressed as median
estimates, with 10%-90%
quantiles in parentheses (AP
anteroposterior, ETT exercise
treadmill test, LSS lumbar
spinal stenosis)

ab Letters indicate statistical
significance within one row:
groups marked with the same
letter are not significantly dif-
ferent (P>0.05; Mann-Whitney
test for quantitative param-
eters, binomial test for relative
frequencies)

Parameter Healthy controls Diabetic patients LSS patients
(n=25) (n=24) (n=29)

Age (years) 50 (30; 65) 49 (24; 67) 54 (42; 72)

Height (cm) 168 (158; 178) 174 (160; 183) 170 (160; 184)

Sex (%M/F) 32.0/68.0a 62.5/37.5b 54.8/45.2b

Radiological parameters
Spinal canal diameter (mm)
Smallest AP diameter
Smallest transverse diameter

Exercise treadmill test
Distance covered (m)
Time spent walking (s)

380 (160; 610)a
540 (300; 720)a

Reason for premature termination of ETT (in %)

No reason
Neurogenic claudication
Other

40.0
0.0a
60.0a

14.5 (13.0; 18.0)a
23.5 (20.0; 27.0)a

370 (1505 570)a
540 (266; 720)a

33.3
0.0a
66.7a

11.0 (6.7; 12.9)b
15.4 (8.6; 17.2)b

236 (105; 530)a
380 (103; 590)b

38.7
41.9b
19.4b

trol groups in the ETT (Table 1). There was no significant
difference in radiological parameters between the two
subgroups of patients with LSS (Table 2). On the other
hand, there was a significant difference in the walking and
running test and in the ETT with respect to the presence of
NC in the history. The time to cover a distance of 10 m by

Table 2 Characteristics of pa-
tients with LSS with regard to
neurogenic claudication. Quan-
titative parameters are ex-
pressed as median estimates,
with 10%—-90% quantiles in
parentheses

aAll patients were able to per-
form the 10-m walking test

walking and running was significantly shorter in LSS
NC- patients.

LSS NC+ patients covered a significantly shorter distance

and the time spent walking was significantly shorter than in
LSS NC- patients. NC was the main reason (67%) for pre-
mature termination of the ETT among LSS NC+ patients. In

Parameter Neurogenic claudication Significance
level
No (n=13) Yes (n=16)
Age (years) 54 (33; 57) 56.5 (45; 75) P=0.105
Height (cm) 172 (160; 184) 170 (163; 180) P=0.952
Sex (%M/F) 38.3/61.7 43.2/56.8 P=0.853
Radiological parameters
Spinal canal diameter (mm)
Smallest AP diameter 10.6 (10.0; 11.2) 10.8 (10.4; 11.2) P=0.542
Smallest transverse diameter 15.1 (13.7; 16.4) 13.8 (13.1; 15.4) P=0.276
No. of stenotic levels =1 30.8 12.5 P=0.192
No. of stenotic levels >1 69.2 87.5
Spondylarthrosis 76.9 94.4 P=0.181
Scoliosis 23.1 27.8 P=0.775
Degenerative spondylolisthesis 154 38.9 P=0.174
10-m walking test?
Time (s) 7.3 (6.6; 9.0) 10.6 (8.8; 12.4) P=0.006
10-m running test
Ability (in % of cases) 100.0 83.3 P=0.130
Time (s) 3.7(3.3;4.2) 5.4 (4.8; 6.0) P<0.001
Exercise treadmill test
Distance covered (m) 434 (342; 539) 202 (110; 294) P<0.001
Time spent walking (s) 492 (403; 554) 308 (217; 399) P=0.011
Reason for premature termination of ETT (in %)
No reason 69.2 16.7 P=0.008
Neurogenic claudication 0.0 66.7 P=0.001
Other 30.8 16.6 P=0.374
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contrast, no LSS NC- patient and none from the control
groups revealed NC, but 31% of LSS NC- patients were not
able to finish ETT for other reasons (e.g. dyspnoea).

The contribution of electrophysiological examination
in the diagnostics of patients with mild LSS with respect
to the presence of NC

Electrophysiological parameters evaluated from the upper
extremities — latency of the ulnar nerve F-wave and am-
plitude of the sensory nerve action potential (SNAP) of

Fig.3A,B Healthy volunteers,
diabetic patients and lumbar
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the radial nerve — distinguished diabetic patients from
LSS patients. The latencies of tibial nerve F-wave, soleus
H-reflex and spinal MEP response reliably distinguished
healthy volunteers from diabetic patients and LSS pa-
tients, and particularly LSS patients from diabetic patients
(the latencies of these parameters increased in LSS pa-
tients and increasing latencies in diabetic patients were
even more evident). The chronodispersion of the tibial
F-wave distinguished LSS NC+ patients from the other
groups (the value of chronodispersion in this subgroup
was the highest).
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The amplitude of the soleus H-reflex, in particular,
separated LSS NC- patients from diabetic patients and
LSS NC+ patients. The amplitude of the cortical MEP re-
sponse, central motor conduction time and persistence of
tibial F-wave had no discriminating effect. The amplitude
of SNAP of the sural nerve significantly contributed to
distinguishing patients with LSS from diabetic patients
(as did the amplitude of radial SNAP), but we cannot con-
firm a contribution of sural/radial amplitude ratio to dif-
ferential diagnostics in this respect (Fig.3).

Discussion

No study on differential diagnostics prospectively com-
paring patients with LSS, diabetic patients and healthy
volunteers has been published to date, to the best of our
knowledge.

It can sometimes be problematic to establish that the
patient’s complaints are caused by LSS. The utility of
ETT in the diagnostics of LSS is described in the litera-
ture [6, 10]. ETT has good test-retest reproducibility and
there is no learning phenomenon associated with the test
procedure [6]. ETT is invaluable for measuring a patient’s
response to treatment. Porter reported that the impression
from a patient’s history could be completely different
from an objective assessment of walking [10]. Our study
confirms the clinical utility of ETT in the diagnostics of
patients with mild LSS and the contribution of ETT to
verifying walking capacity and NC, but any premature
termination should be carefully analysed, avoiding false-
positive results in older patients (dyspnoea, vascular clau-
dication, joint complaints, etc.).

LSS NC+ patients covered a significantly shorter dis-
tance and the time spent walking was significantly shorter
than in LSS NC- patients and also in the two control
groups. The development of NC caused premature termi-
nation of ETT in 66.7% of the LSS NC+ patients, while
no LSS NC- patient and none from the control groups re-
vealed NC. The difference between LSS patients with and
those without NC in the history was also clear in the walk-
ing and running test.

In this study we attempted to find electrophysiological
parameters that can help to determine patients with LSS.
The highest significance was associated with parameters
obtained from the upper extremities, the latencies of tibial
F-wave, soleus H-reflex and spinal response of MEPs to
AH muscle, and amplitude of SNAP of the sural nerve.

Discrimination between diabetic patients and LSS pa-
tients by means of electrophysiological parameters from
the upper extremities (latency of ulnar F-wave and ampli-
tude of SNAP of the radial nerve) may be anticipated be-
cause diabetic polyneuropathy is a diffuse disorder that
also affects the nerves of the upper extremities, while LSS
affects only the nerves of the lower extremities.

Berger et al. [4] reported that tibial F-waves in patients
with axonal polyneuropathy are characterised by prolon-
gation of the minimal latency and have a lower persis-
tence. In contrast, the most frequent F-response abnormal-
ity in radiculopathies was a prolonged chronodispersion
rather than abnormalities of minimal latency or persis-
tence. In our study, the latencies of the tibial F-wave and
also the soleus H-reflex and spinal response of MEP to
AH muscle were only slightly prolonged in LSS patients,
but were considerably prolonged in patients with polyneu-
ropathy. The persistence of the tibial F-wave showed no
statistically significant difference in all the above-defined
groups. In contrast to the paper by Berger and co-workers,
we can confirm abnormal chronodispersion of the tibial
F-wave only in the LSS NC+ patients.

We assume that the differences between the results in
our paper and the results of Berger are based on differ-
ences in the selection process (inclusion criteria) for the
study groups compared.

The amplitude of SNAP of the sural and radial nerves
significantly contributed to distinguishing patients with
LSS from diabetic patients. We tried to use the calculation
by Rutkove and co-workers [11], known as the sural/ra-
dial amplitude ratio. They demonstrated that this ratio is
more sensitive than the sural amplitude (<6.0 V) alone.

Rutkove reported that a sural/radial amplitude ratio of
less than 0.40 is a strong predictor of axonal polyneuropa-
thy, with 90% sensitivity and 90% specificity. In our
study, only 23% of patients with diabetic polyneuropathy
exhibited a sural/radial amplitude ratio of less than 0.4,
while this was also true of 10% of patients with LSS. An
absolute sural amplitude of less than 4.2 LV (an abnormal
value in our EMG lab) was found to be a feature of 47%
of diabetic patients in contrast to 17% of LSS patients.
The absolute value of the sural nerve amplitude seems
therefore to be a better predictor of diabetic polyneuropa-
thy than the sural/radial amplitude ratio in comparisons
with LSS patients.

Conclusions

The following conclusions can be drawn from the results
of our study:

e Electrophysiological examination contributes to the dif-
ferential diagnostics between mild lumbar spinal steno-
sis and diabetic polyneuropathy. The highest signifi-
cance has been associated with the parameters of ulnar
F-wave, tibial F-wave, SNAP of the radial nerve and
sural nerve, soleus H-reflex and MEPs to AH muscle.

e The contribution of electrophysiological methods in veri-
fication of NC in LSS patients is limited (chronodis-
persion of the tibial F-wave only).

e The exercise treadmill test is useful in confirmation of
NC and walking capacity verification, but restriction of
walking capacity should be carefully analysed.
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ORIGINAL ARTICLE

Dynamic electrophysiological examination
in patients with lumbar spinal stenosis:
Is it useful in clinical practice?

Abstract Neurogenic claudication
(NC) is typical of lumbar spinal
stenosis (LSS). One suspected patho-
physiological mechanism underlying
NC is intermittent hypoxia of cauda
equina fibres resulting from venous
pooling, which may lead to isch-
aemic nerve conduction failure and
to transient clinical and electrophysi-
ological changes after exercise. The
aim of this study was to evaluate the
appearance of significant transient
electrophysiological abnormalities
after walking exercise in patients
with LSS and to establish the contri-
bution of dynamic electrophysiologi-
cal examination in the differential di-
agnostics of patients with LSS. The
study participants were 36 consecu-
tive patients with LSS demonstrated
by computed tomography (CT). The
control groups included, respectively,
28 patients with diabetes mellitus
and clinically manifested polyneu-
ropathy, and 32 healthy volunteers.
The LSS patients were divided into
four subgroups based on the clinical
severity of the disease (with respect
to the presence or absence of NC in
the history and pareses on neurologi-
cal examination). Soleus H-reflex,
tibial F-wave and motor evoked po-
tentials (MEPs) to abductor hallucis
muscle were examined in all groups,
before and after quantified walking
on a treadmill. The electrophysiolog-
ical parameters measured after an ex-

ercise treadmill test (ETT) in LSS
patients and in both control groups
were compared with the same pa-
rameters obtained before ETT. The
study shows that the electrophysio-
logical parameters reveal minimal
but statistically significant changes
after walk loading in patients with
LSS (a prolongation of the minimal
latency of the tibial F-wave and of
the latency of the soleus H-reflex).
The changes in these parameters
were demonstrated not only in pa-
tients with NC but also in patients
without NC. More pronounced
changes were found in LSS patients
exhibiting chronic lower extremity
pareses. Conclusions: From among a
large battery of electrophysiological
tests, only the minimal latency of the
tibial F-wave and the latency of the
soleus H-reflex exhibit changes after
walk loading in patients with LSS.
These are minimal but statistically
significant. Dynamic electrophysio-
logical examination can illustrate the
pathophysiology of NC in LSS, but
from a practical point of view its
contribution to the differential diag-
nostics of LSS or diabetic polyneu-
ropathy is limited by an absence of
established cut-off values.

Keywords Lumbar spinal stenosis -
Dynamic electrophysiological
examination - Neurogenic
claudication - Exercise treadmill test
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Introduction

Lumbar spinal stenosis (LSS) is defined as any type of nar-
rowing of the spinal canal, nerve root canals, or interver-
tebral foramina [7]. In the pathogenesis of LSS, the degen-
erative process in the lumbar spine is the main component
producing compression of neural tissue in the spinal and/
or nerve root canal [5]. Such stenosis is classified as cen-
tral or lateral, congenital or acquired; combinations are
common. Central stenosis implies narrowing in the spinal
canal, lateral stenosis in the nerve root canal.

LSS can give rise to several clinical syndromes: neuro-
genic claudication (NC), low back pain and/or radiculopa-
thy, or chronic cauda equina syndrome. Postural depen-
dency is a hallmark of the symptoms of LSS. Spinal exten-
sion narrows the spinal canal and exacerbates symptoms,
whereas spinal flexion increases the dimensions of the
spinal canal and reduces symptoms [16, 19, 20]. NC is typ-
ical of LSS and is characterised by intermittent pain and
paresthesia of the leg(s), most often in a lumbosacral root
distribution, followed by weakness apparent on walking or
standing [10, 12]. Patients usually describe walking down-
hill as worse than walking uphill, and cycling is no prob-
lem. These signs are a useful discriminator between neu-
rogenic and vascular claudication [17]. The incidence of
NC is reported at 11-100% in patients with LSS; a mean
calculated from 32 studies is 62% [22]. Symptoms usually
affect men aged more than 50 years [17]. LSS is currently
the most common diagnosis for individuals over the age
of 65 undergoing spinal surgery [22]. One suspected patho-
physiological mechanism underlying NC is intermittent hy-
poxia of cauda equina fibres resulting from venous pool-
ing, which may lead to ischaemic nerve conduction failure
and to transient clinical and electrophysiological changes
after exercise [8, 15, 17]. The pain is explained by the isch-
aemia-related activation of pain receptors, and weakness
would be caused by a partial conduction block at root level
[14, 15]. At least two levels of cauda equina fibre com-
pression are necessary for the development of NC (at least
one level of central stenosis) [18].

The use of dynamic electrophysiological examination
in patients with LSS and NC to verify transient changes of
electrophysiological parameters after walking or standing
is described in the literature. Few studies have evaluated the
effects of NC on the parameters of the F-waves [12, 13, 15,
21], soleus H-reflex [15], motor evoked potentials (MEPs)
[8] and somatosensory evoked potentials (SEPs) from the
lower extremities [11]. Reversibility of changed electro-
physiological parameters is described over 7-30 minutes
[15, 11]. However, our own experience and our previous
study have demonstrated that the changes in electrophysi-
ological parameters were minimal in patients with mild
LSS after load on a treadmill [3].

Diabetic polyneuropathy and LSS are common ailments
of advancing age. Many people suffer from LSS and dia-
betic polyneuropathy at the same time. Differentiation may

sometimes be difficult in such patients, if the cause of signs
and symptoms described by patients is LSS or polyneu-
ropathy [4]. Both diseases may present with numbness
and tingling of the feet, and helpful clinical clues such as
back pain, proximal weakness, or radiating pain into the
legs may be absent [9]. In such a situation, electrophysio-
logical examination can be useful.

The aim of this study was to evaluate the appearance of
significant transient electrophysiological abnormalities af-
ter walking exercise in patients with LSS and to establish
the contribution of dynamic electrophysiological exami-
nation in the differential diagnostics of patients with LSS.

Materials and methods

Patients with LSS

Thirty-six patients (21 men, 15 women) were recruited consecu-
tively from a total of 132 patients with LSS who had been treated
and observed in the Department of Neurology, University Hospi-
tal, Brno, between 1998 and 2001. They were divided into four
subgroups with respect to (1) the presence or absence of NC in the
history and (2) pareses of the lower limbs on neurological exami-
nation (Table 1, Table 2).

In a previous study we established that the presence of NC and
pareses was the only statistically significant parameter to influence
walking ability in these patients [1]. Walking capacity was evalu-
ated by a walking test (an evaluation of the ability to cover a dis-
tance of 10 m and the time needed to do so, walking without help
as quickly as possible), which is proven to be an acceptable end-
point for risk stratification of LSS patients. It was confirmed that
the risk status of LSS patients increased in the following order:
L,<L,<L;<L,. The risk status of LSS patients expresses the risk of
decreased walking ability (10-m walking test performed in a time
of more than 15 s). The presence of pareses was more of a risk fac-
tor for clinical severity of LSS than was the presence of NC.

Inclusion criteria for the selected patients with LSS

The following inclusion criteria were used:

— Clinically symptomatic LSS (NC and/or low back pain)

— At least one-level central LSS documented by computed tomog-
raphy (CT)

— Age between 25 and 70 years

— Absence of hip- and/or knee-joint arthrosis that would limit walk-
ing

— Absence of arteriosclerotic peripheral vascular disease of the
lower extremity that would limit walking

Table 1 Subgroups of patients with lumbar spinal stenosis (LSS)
by presence or absence of neurogenic claudication (NC) and pare-
ses of the lower extremities

Subgroup Sample NC Pareses of the

of LSS patients  size lower extremities
L, 12 Absent Absent

L, 14 Present Absent

Ls 4 Absent Present

L, 6 Present Present
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Table 2 Basic characteristics of the groups compared. Quantitative parameters are expressed as median estimates with 10%-90% quan-
tiles in parentheses (LSS lumbar spinal stenosis, AP anteroposterior)

Parameter Healthy controls Diabetic patients LSS patients

Subgroup 4, Subgroup 3,4
Sample size 32 28 26 10
Age (years) 48 (33; 60)? 48 (27; 68)? 52 (38; 65)2 56 (40; 67)2
Height (cm) 170 (160; 184)? 175 (163; 183) 168 (159; 182) 176 (163; 184)*
Sex (% M/F) 34.4/65.6* 64.3/35.7° 53.9/46.2% 70.0 /30.0°
Radiological parameters — spinal canal diameter (mm)
Smallest AP diameter 14.5 (13.0; 18.0)* 11.0 (8.1; 12.7)° 10.2 (7.4; 12.8)°
Smallest transverse diameter 23.5 (20.0; 27.0)*  15.20 (7.4; 17.8)® 12.7 (6.5; 18.1)>

&b etters indicate statistical significance within one row: groups marked with the same letter are not significantly different (p>0.05;

Mann—Whitney U-test for quantitative parameters, binomial test for relative frequencies)

Absence of diabetes mellitus

No serious cardiac disease

— Ability to undergo exercise treadmill test (ETT)

— Absence of pacemaker and no epileptic seizures in the history
(capacity to undergo MEPs)

Control groups

Two control groups were assessed. One was a group with diabetic
polyneuropathy; the other was a group of healthy volunteers. The
individuals for control groups were selected for comparability with
the LSS patients with respect to age and height.

There were 28 patients with diabetic polyneuropathy (18 men,
10 women) in the first control group (Table 2). The criteria for in-
clusion in this group were:

— Diabetes mellitus type I or I1

— Signs of polyneuropathy (numbness and/or tingling of feet)

— No low back pain or NC

— Normal diameters of the lumbar spinal canal

— Absence of arteriosclerotic, peripheral vascular disease of the
lower extremity that would limit walking

— No serious cardiac disease

— Ability to undergo exercise treadmill test (ETT)

— Absence of pacemaker and no epileptic seizures in the history
(capacity to undergo MEPs)

The second control group comprised 32 healthy volunteers (11 men,
21 women) without low back pain or NC in their history, without
diabetes mellitus, with no complaints and normal clinical findings
from the lower extremities (Table 2).

Radiological examination

The patients were examined radiologically according to the fol-
lowing protocol: (1) A plain radiograph of the lumbar spine was
taken in the LSS patients, with assessment of the presence of
spondylarthrosis, scoliosis and degenerative or isthmic spondylolis-
thesis; (2) CT axial scans at three levels (L3-S1) were performed
in LSS patients and in patients with diabetic polyneuropathy. The
following standard parameters of the spinal canal were measured:

— The anteroposterior (AP) diameter of the spinal canal at the
level of the middle of the L3, L4, and L5 vertebrae

— The transverse interarticular (IA) diameter (between ventral
margins of facet joints) at the level of the upper margins of the
L3/4, 1.4/5 and L5/S1 discs

— The lateral recess diameter, bilaterally, at the same level as the
transverse diameter

CT criteria for spinal stenosis were based on our own normal data
[2]:

— Central stenosis: anteroposterior diameter <11.7 mm and/or trans-
verse diameter <16.0 mm
— Lateral stenosis: lateral recess diameter <5.2 mm

The lowest anteroposterior and transverse diameters at L3-S1 levels
were evaluated.

Exercise treadmill test

Quantified walking (speed for the first 3 min, 1.6 km/h; next 3 min,
2.4 km/h; following 3 min, 3.2 km/h; and final 3 min, 4.0 km/h) on
a treadmill was performed in all groups. In the event of patient dis-
comfort during walking (e.g., NC, dyspnea, etc.), the exercise was
aborted.

Electrophysiological examination

In all groups the following parameters were examined before and
after ETT:

— Soleus H-reflex (determination of latency and amplitude); sub-
maximal stimuli with increasing voltage were delivered to pro-
vide maximum H-reflex amplitude

— Tibial F-wave (determination of minimal latency, chronodisper-
sion)

— Motor evoked potentials (MEPs) to abductor hallucis (AH) mus-
cle (determination of spinal latency, cortical latency, central mo-
tor conduction time, amplitude of cortical response)

In patients with LSS and diabetic patients, electrophysiological ex-
amination was extended by motor and sensory conduction studies
from the lower extremities and needle EMG from L4-S1 myotomes.

To ensure that the placement of electrodes before ETT was
identical to the placement of electrodes after ETT, the positions of
recording and stimulating electrodes during electrophysiological
examination before ETT were drawn on the skin of the individuals
examined.

Clinical examination in LSS patients

Patients with LSS also underwent a clinical examination according
to the following protocol:

— Walking test: evaluation of the ability to cover a distance of 10 m,
and the time needed to do so, walking without help as quickly as
possible
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Table 3 Identification of two subgroups of patients with lumbar spinal stenosis (LSS) with respect to the presence of pareses (NC neuro-
genic claudication, P pareses, L;,, LSS patients without pareses, L;,, LSS patients with pareses)

Subgroup Sample NC/P (%)! 10-m 10-m running test? More than The smallest diameter
of LSS patients size walking test? 1 central of spinal canal (mm)?

(time in s) ability  time in 3 stenotic level?

(%) (% of cases) Transverse Antero-posterior

Lo 26 53.8/0 9.22 88.5 442 76.9 14.5% 10.6?

(7.8; 10.6) (3.9; 4.9) (13.0; 16.0) 9.9; 11.2)
Liy 10 60.0/100 10.12 80.0 5.12 80.0 11.2° 10.52

(7.7, 12.4) (4.1;5.9) (8.2;12.7) (9.3; 11.6)
Al LSS patients 36 55.6/27.8 9.7 86.1 4.7 77.8 13.1 10.5

(8.3;11.2) (4.0; 5.4) (11.2; 14.2) (9.6; 11.5)

IThe presence (in %) of pareses and neurogenic claudication
2Quantitative parameters are expressed as geometrical mean estimates
supplied with appropriate 95% confidence limits (in parentheses)
30nly patients able to perform 10-m running test

— Running test: evaluation of the ability to cover a distance of 10 m,
and the time needed to do so, running without help as quickly as
possible

— Evaluation of the presence of NC in the patient’s history

— Evaluation of the presence of pareses of the lower extremities

Statistical methods

A value p<0.05 was taken as a universal indicative limit for statis-
tical significance in all univariate analyses.

Initial quantitative diagnostic data were descriptively summarised
using common robust statistics (i.e., median estimate with 10% and
90% quantiles) and then compared among groups on the basis of the
Mann—Whitney U-test. Standard descriptive statistics were used to
express the mean differences among subgroups of cases (arithmeti-
cal mean for electrophysiological parameters; geometrical mean for
study endpoints —i.e., time for 10-m walking test and running test).
Differences in the values of electrophysiological parameters before
and after ETT were expressed as the arithmetical mean supplied
with 95% confidence limits and tested for statistical significance
using the pairwise #-test [6, 23].

Results

Patients with LSS were divided into four subgroups with
respect to the presence or absence of NC in the history and
weakness (pareses) of the lower limbs on physical exami-
nation (Table 1). Evaluation of electrophysiological param-
eters before and after ETT were performed from two points
of view: (1) the population of LSS patients was analysed
with respect to the presence of weakness of the lower ex-
tremities. We fused subgroups L; and L, (subgroups with-
out pareses) and subgroups L; and L, (patients with chronic
weakness) (Table 3); (2) patients with LSS were analysed
with respect to the presence of NC. We fused subgroups
L, and L; (patients without NC) and subgroups L, and L,
(with NO).

ab[_etters indicating statistically significant differences between com-
pared subgroups: subgroups marked with the same letter are not sig-
nificantly different (p>0.05; Mann—Whitney U-test for quantitative
parameters, binomial test for relative frequencies)

1. Dynamic electrophysiological examination
with respect to the presence of pareses
in patients with LSS

We compared the changes in selected electrophysiological
parameters after ETT in healthy volunteers, patients with
diabetic polyneuropathy and two subgroups of LSS pa-
tients (L,,, and Ls,,) (Fig.1). Significant changes were
found only in the minimal latency of the tibial F-wave (in
both subgroups of LSS patients) and in the latency of the
soleus H-reflex (only in subgroup Ls,,). We also dis-
criminated on the basis of the frequency distribution of
changes in the minimal latency of the tibial F-wave and
the latency of the soleus H-reflex (Fig.2). The frequency
histograms show that it is not possible to establish cut-off
values for electrophysiological parameters of LSS pa-
tients and control groups. Therefore, dynamic examina-
tions are limited from the practical electrophysiological
point of view.

2. Dynamic electrophysiological examination
with respect to the presence of NC
in patients with LSS

We established a group of 16 patients without NC (sub-
groups L;+L;) and a group of 20 patients with NC (sub-
groups L,+L,). The changes in selected electrophysiolog-
ical parameters after ETT in healthy volunteers, patients
with diabetic polyneuropathy and two subgroups of LSS
patients (L,,3 and L,,,) were compared (Fig. 3). Minimal
changes after ETT were found only in the minimal latency
of the tibial F-wave in LSS patients. Changes in the latency
of the soleus H-reflex in LSS patients with NC were not
statistically significant in comparison with the two control
groups and the subgroup of LSS patients without NC.
These results document that changes in electrophysio-
logical parameters (a prolongation of the minimal latency
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Fig.1 Pairwise comparison of changes in electrophysiological pa-
rameters influenced by exercise treadmill test in healthy volunteers,
patients with diabetic polyneuropathy and two subgroups of lumbar
spinal stenosis (LSS) patients. (HV healthy volunteers, DM patients
with diabetic polyneuropathy, LS7-2 LSS patients without pareses,
LS3—4 LSS patients with pareses). Data are expressed as arithmetical
mean supplied with 95% confidence limit. P-level: significance level
of pairwise r-test. A: differences are not statistically significant. B: dif-
ferences are statistically significant in specified parameter (p<0.05)

of the tibial F-wave and of the latency of the soleus
H-reflex) were found in patients with LSS after ETT. The
changes were, however, minimal and were more influenced
by the presence of lower extremity weakness than by the
presence of NC.

Discussion

Changes in various electrophysiological parameters after
walk loading or standing in patients with LSS and NC are
described in the literature. Authors have reported changes
in the F-wave parameters (non-elicitability, increase in min-
imal latency or chronodispersion) [12, 13, 15, 21], soleus
H-reflex (changes in the recruitment curve of the soleus
H-reflex) [15], motor evoked potentials (prolongation of

B. Soleus H - reflex

Latency (ms) Amplitude (mV)
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2.0 2.0
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A A A A A A
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3.0 P 3.07 p=0.492
20{ p=0453 2.0
A
1.0 A A A A 101 A A A
oof ¥ T X I 0.0 I I I I
-1.0 -1.0
2.0 2.0
3.0 3.0
HV DM LS1-2 LS3-4 HV DM LS1-2 LS34

the motor evoked potential latency time (cortical latency)
and/or the peripheral motor conduction time) [8] and so-
matosensory evoked potentials from the lower extremities
[11]. Pastor noted change in the recruitment curve of the
soleus H-reflex after walking in LSS patients with NC.
The H-reflex showed a transient increase in its threshold
intensity with respect to that of the M wave in seven pa-
tients (70%) [15].

Baramki et al. demonstrated that clinical examination
was positive in about 30% of patients with LSS, while
MEPs were prolonged in 66% of patients before exercise,
increasing to 76% following exercise. They concluded that
exercise increases the sensitivity of MEPs in the detection
of roots under functional compression in LSS [8]. Kondo
et al. studied the effect of NC on nerve conduction along
the sensory pathway. They evaluated 37 patients with ac-
quired LSS and described the abnormality of stress-SEPs
after walking (decrease of amplitude and prolongation of
latency) in 31 patients. In seven of nine patients operated
on, SEPs after walking remained unchanged postopera-
tively [11]. It is assumed that the presence of these tran-
sient changes in electrophysiological parameters can ex-
plain the aetiology of neurogenic claudication.

In our study, significant changes after walk loading (af-
ter ETT) were demonstrated in the minimal latency of the
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Fig.2 Frequency histogram of differences between post- and pre-
exercise values of latency of the tibial F-wave and latency of the
soleus H-reflex. (LSS patients: patients with lumbar spinal steno-
sis, L3, 4 patients with lumbar spinal stenosis with pareses)

tibial F-wave and the latency of the soleus H-reflex. Both
parameters exhibited a mild prolongation of latencies af-
ter ETT. Changes in these parameters were recorded not
only in patients with NC but also in patients without NC.
One possible explanation is that the walking also evokes
an asymptomatic ischaemic conduction block of cauda
equina fibres, with subsequent influence on the electro-
physiological parameters; however, patients did not expe-
rience claudication. This hypothesis cannot be supported
by the literature, since subclinical changes of electrophys-
iological parameters in patients with LSS without NC still
remain to be evaluated. In our study, more pronounced
changes were found in LSS patients with permanent weak-
ness. This finding is in accordance with the results of an-
other study in which significant differences between the
values of electrophysiological parameters, measured be-

fore and after exercise, occurred in patients with signs of
neurological deficit (motor and/or sensitive deficit) [8].
This difference was not found to be significant in patients
without neurological deficits. The changes in MEP laten-
cies described by Baramki were relatively small. The most
frequent change in the MEP-latency time was found to be
between 5% and 8% of the baseline value in patients with
neurological deficit, while it was 5% or less in the patients
without neurological deficit.

In our study we found no significant difference between
pre- and post-exercise values of chronodispersion of the
tibial F-wave and MEP parameters in LSS patients.

Manganotti el al. reported that chronodispersion of
F-waves showed a significant decrease for both the pe-
roneal and tibial nerve after walking in healthy subjects.
They assume that F-wave changes observed in dynamic
conditions probably reflect a synchronisation of motor-
neuron firing requiring a certain amount of descending fa-
cilitation [13].

We are not able to confirm this finding. No significant
changes in the electrophysiological parameters evaluated
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Fig.3 Pairwise comparison of changes in electrophysiological pa-
rameters influenced by exercise treadmill test in healthy volunteers,
patients with diabetic polyneuropathy and two subgroups of lumbar
spinal stenosis (LSS) patients. (HV healthy volunteers, DM patients
with diabetic polyneuropathy, LS/—3 LSS patients without NC,
LS2—4 LSS patients with NC). Data are expressed as arithmetical
mean supplied with 95% confidence limit. P-level: significance level
of pairwise 7-test. A: differences are not statistically significant. B: dif-
ferences are statistically significant in specified parameter (p<0.05)

were found in patients with diabetic polyneuropathy and
healthy volunteers after ETT.

Conclusions

From among an extensive battery of electrophysiological
tests, only the minimal latency of the tibial F-wave and

F-wave: chronodispersion (ms)
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the latency of the soleus H-reflex reveal changes after walk
loading in patients with LSS. These are minimal but sta-
tistically significant. No significant changes in electrophys-
iological examination after walk loading were found among
healthy volunteers and patients with diabetic neuropathy.
Dynamic electrophysiological examination can illustrate
the pathophysiology of NC in LSS, but from a practical
point of view its contribution to the differential diagnos-
tics of LSS or diabetic polyneuropathy is limited by an ab-
sence of established cut-off values.
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THE RESULTS AND CONTRIBUTION OF ELECTROPHYSIOLOGICAL
EXAMINATION IN PATIENTS WITH LUMBAR SPINAL STENOSIS

Mic¢ankova Adamova B., Voharka S.

Department of Neurology, Faculty of Medicine, Masaryk University, and Faculty Hospital Brno

ABSTRACT
el gl evliom ey 2000 Monoradicular or polyradicular lumbosacral involvement is
typical of lumbar spinal stenosis. Needle electrode examina-
tion is considered the most useful procedure for the evalua-
tion of patients with suspected radiculopathy. The clinical
KEY WORDS relevance of motor and somatosensory evoked potentials is,
however, uncertain.

The aim of this study was to evaluate the results of electro-
physiological tests in patients with lumbar spinal stenosis
and to assess the contribution of electrophysiological tests
made to diagnosis.

The study group consisted of 102 patients (44 males, 58 fe-
males, aged 62 +/- 13 years) with clinically symptomatic lum-
bar spinal stenosis documented by computed tomography
scan, all of whom volunteered to participate in the study.
All patients underwent electrophysiological examination,
which included needle electromyography and nerve conduc-
tion studies of the lower extremities, somatosensory evoked
potentials of tibial, sural and superficial sensory peroneal
nerves, and motor evoked potentials to the abductor hallucis
muscle and the tibialis anterior muscle.

On the basis of nerve conduction studies and needle electro-
myography, the presence of radiculopathy was established in
70.6 % of patients with lumbar spinal stenosis; polyradicular
= involvement (46.1 % of the patients) was more common than
CORRESPONDING AUTHOR monoradicular involvement (24.5 % of the patients). Involve-
ment of the L4 root was established in 37.2 % of the patients,
L5 root in 51.9%, and S1 root in 50.9% of the patients. Ab-
normal motor evoked potentials were found in 30.7 % of the
patients and abnormal somatosensory evoked potentials in
58.8% of the patients with lumbar spinal stenosis. Normal
needle electromyography and nerve conduction studies
were recorded in 18.6 % of the patients. When abnormalities
of any evoked potentials were considered, the number of pa-
tients with normal electrophysiological findings was reduced
t0 12.7 %.

Nerve conduction studies and needle electromyography are
the most useful electrophysiological examinations for the
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evaluation of suspected radiculopathies in patients with lum-
bar spinal stenosis. Involvement of L5 and S1 roots is the most
common. The diagnostic contribution of evoked potentials is
of limited value in patients with lumbar spinal stenosis.

ABBREVIATIONS USED

LSS - lumbar spinal stenosis

NC - neurogenic claudication

MEP — motor evoked potential

SEP - somatosensory evoked potential
CT - computed tomography

SD - standard deviation

CMAP - compound muscle action potential
CMCT - central motor conduction time
MUAP — motor unit action potential
SNAP - sensory nerve action potential
EMG - electromyography

NCS - nerve conduction study

AH muscle - abductor hallucis muscle
TA muscle - tibialis anterior muscle

INTRODUCTION

Lumbar spinal stenosis is defined as any type of narrowing of
the spinal canal, nerve root canals, or intervertebral foramina
[1]. In the pathogenesis of LSS, the degenerative process in
the lumbar spine is the main component producing compres-
sion of neural tissue in the spinal and/or nerve root canal [2].
LSS can give rise to several clinical syndromes: neurogenic
claudication, low back pain and/or radiculopathy, and chronic
cauda equina syndrome. Postural dependency is a hallmark of
the symptoms of LSS. Spinal extension narrows the spinal canal
and exacerbates symptoms, whereas spinal flexion increases
the dimensions of the spinal canal and reduces symptoms [3, 4,
5].NCis typical of LSS and is characterised by intermittent pain
and paresthesia of the leg(s), most often in a lumbosacral root
distribution, followed by weakness apparent on walking or
standing [6, 7]. The incidence of NC is reported at 11 %-100%
in patients with LSS; the mean calculated from 32 studies is
62%. LSS is currently the most common diagnosis for individu-
als over the age of 65 undergoing spinal surgery [8].

The diagnosis of LSS is based on the results of clinical exami-
nation and radiological documentation of narrowing of the
lumbar spinal canal [9, 10]. Whereas clinical examination,
even in severe LSS, has shown no specific sensory-motor
deficit, electrophysiological recordings have indicated a neu-
rogenic disorder within the lumbar spine of a majority of the
patients. Electrophysiological recordings thus supplement
neurological examination when the clinical relevance of a ra-
diologically suspected LSS needs to be confirmed [11].

http://www.med.muni.cz/biomedjournal/

Electrophysiological examination in LSS is intended to detect
lumbosacral root involvement (radiculopathy). EMG, espe-
cially needle electrode examination, is considered the most
useful procedure in the detection of radiculopathy. Nerve
conduction studies may yield abnormal results only rarely in
radiculopathies, but are essential to the elimination of other
conditions that may produce similar symptoms and signs
[12]. Further, examination of SEPs and MEPs is used in dif-
ferent degree, but consensus on the contribution of evoked
potentials in the diagnostics of LSS has not been established
and the clinical relevance of MEPs and SEPs is uncertain [13].
Initially, the contribution of evoked potentials to the diag-
nostics of radiculopathy was overestimated. Electrophysi-
ological examination in LSS patients is also used to exclude
other peripheral neurogenic lesions (for example diabetic
polyneuropathy). The clinical differentiation between lum-
bosacral polyradicular disease (typical of LSS) and general-
ised peripheral neuropathies of the distal-axonal type (typical
of diabetic patients) can sometimes be difficult [14]. Electro-
diagnostic testing is quite specific and reasonably sensitive in
diagnosing spinal stenosis in comparison with low back pain
or asymptomatic persons, and can detect neuromuscular dis-
eases mimicking stenosis [15].

EMG findings may vary in patients with LSS. The most frequent
finding (approximately 50% of the patients) is bilateral mul-
tiple lumbosacral radiculopathy (cauda equina lesion). Polyr-
adicular lumbosacral lesions are often asymmetrical, and usu-
ally involve the lower lumbosacral roots, especially S1. Chronic
neurogenic MUAP changes tend to be prominent in needle
EMG, whereas fibrillation potentials are often restricted to
the more distal muscles of the myotomes. In some, two dis-
tinct lumbosacral radiculopathies occur either symmetrically
or asymmetrically. In others, an isolated radiculopathy, almost
always either an L5 or an S1 lesion, is found. Non-diagnostic
abnormalities are encountered in some patients. Bilaterally ab-
sent H waves associated with normal sural SNAPs and a normal
needle EMG of the lower extremities are common. Fibrillation
potentials in a single limb muscle, most often one innervated
by the S1 root, are sometimes encountered. In the remaining
patients, extensive EMG examination is normal [16].

Magnetic transcranial and spinal stimulation of the motor
pathway is a painless and safe neurophysiological technique
for the examination of the central and proximal peripheral
motor pathways [17]. Transcranial brain stimulation and
paravertebral magnetic root stimulation are reliable diag-
nostic methods for the investigation of patients with radicu-
lopathies. Their advantage is that disturbances of the motor
functions in the nerve roots can be detected and, because
of the different MEP patterns, localisation of the compres-
sion can often be established [18]. The clinical relevance of
this examination is uncertain. False negative findings in MEP
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examination in patients with LSS may be as high as 75% [19,
20]. One source of such errors may be the fact that it is dif-
ficult to stimulate the nerve roots supramaximally.

No electrophysiological examination has attracted as much
attention, or for that matter evoked so much controversy, as
SEPs in radiculopathy. The theoretical advantage is that SEPs
evaluate a sensitive part of the nerve root, including the pre-
ganglionic part of the sensitive pathway; abnormality is im-
mediately present at the start of radiculopathy and images are
provided of both axonal and demyelinating involvement. The
normative data of latencies and amplitudes are heterogene-
ous. False-negative findings in SEP examination in patients
with LSS may be as high as 65% [19, 20]. In contrast, altered
tibial SEPs were observed in 61.5% of patients with LSS in
another study [21].

The aim of the study was to evaluate the results of electro-
physiological tests in patients with LSS and to assess the con-
tribution of electrophysiological tests made to diagnosis.

MATERIALS AND METHODS

Patients with LSS

One hundred and two patients (44 males, 58 females, aged 62

+/- 13 years) were recruited consecutively from a total of 132

patients with LSS treated and observed in the Department of

Neurology, Faculty Hospital, Brno, between 1998 and 2001.

Inclusion criteria for patients with LSS:

- clinically symptomatic LSS (NC and/or low back pain)

- atleast one level LSS documented by CT scans

- absence of hip and/or knee joint degenerative arthritis
limiting walking

- absence of diabetes mellitus or other disease causing
polyneuropathy

- no serious cardiac disease

Electrophysiological examination

All patients underwent electrophysiological examination,

which included:

e Needle electromyography and nerve conduction studies
of the lower extremities (Table 1). Needle EMG centred on
the muscles of L4, L5, ST myotomes bilaterally, with evalu-
ation of abnormal spontaneous activity and analysis of ac-
tion potentials of motor units. A conventional EMG device
was used to perform the nerve conduction studies from
temperature-checked skin. Motor conduction studies of
the peroneal nerve (muscle responses recorded via sur-
face electrodes placed over the extensor digitorum brevis
muscle) and the tibial nerve (muscle responses recorded
via surface electrodes placed over the abductor hallucis
muscle) were performed bilaterally. Sensory conduction
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studies of the sural and superficial peroneal nerves were
carried out employing an antidromic surface technique.
The F-wave responses of the tibial and peroneal nerves
and the H-reflex of the soleus muscle were recorded bilat-
erally. Submaximal stimuli with increasing voltage were
delivered and facilitation was used to provide the maxi-
mum H-reflex amplitude.

e Somatosensory evoked potentials of tibial, sural, and su-
perficial sensory peroneal nerves. Electrical stimulation of
the tibial nerve was applied posterior to the medial an-
kle, the sural nerve was stimulated posterior to the lateral
ankle, and the superficial peroneal nerve was stimulated
in the join of both ankles at a distance of one third from
the lateral ankle. Scalp registration was used in all exami-
ned nerves, while registration over the spinosus process
of vertebra L1 was used for the tibial nerve. The latency
of potentials P40 and N45 and the amplitude of P40/N45
were evaluated in all examined nerves, while the latency
of potential N22 was evaluated in the tibial nerve. Our
electrophysiological laboratory has generated our own
reference values for all the parameters, and latencies
are correlated to body height. Prolongation of latencies
of more than 3 SD above average, unelicited responses,
side-to-side differences in latencies N22 or P40 of more
than 3 SD above average, and reduction of amplitude P
40/N45 of more than 3 SD below average (after logarith-
mic transformation) were considered abnormal.

e Motor evoked potentials to the abductor hallucis muscle
and tibialis anterior muscle. A Magstim 200 was used for
transcranial and spinal stimulation. In the course of spinal
stimulation, the coil was located one centimetre to one
side of the centre of the low lumbar spine; for transcranial
stimulation, the coil was located above the motor cortex
and facilitation was used. Supramaximal stimulation was
applied. Spinal latency, cortical latency, CMCT, and am-
plitude of cortical response were determined. Unelicited
responses upon transcranial and spinal stimulation, pro-
longation of latencies of more than 3 SD above average,
and an amplitude of cortical response of less than six per
cent of the amplitude of CMAP (our own reference val-
ues) were considered abnormal.

Radiological examination

The patients were radiologically examined according to the

following protocol:

1 A plain radiograph of the lumbar spine was taken, with
assessment for the presence of spondylarthrosis, scolio-
sis, and degenerative or isthmic spondylolisthesis.

2. CT axial scans at three levels (L3-51) were performed. The
following standard parameters of the spinal canal were
measured:
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Table 1
Nerve conduction studies (NCS) of the lower extremities

Nerve conduction studies Nerve
. . eroneal nerve
Motor conduction studies p -
tibial nerve
. . superficial peroneal nerve
Sensory conduction studies P P
sural nerve

Late responses

F-wave of tibial nerve

F-wave of peroneal nerve

soleus H-reflex

Table 2

Evaluation of the nerve conduction studies and needle EMG

Normal Radiculopathy
. . - : Polyneuropathy
Type of involvement finding monoradiculopathy polyradiculopathy | together
Number of patients 19.0 25.0 47.0 72.0 12.0
In % of cases 18.6 24.5 46.1 70.6 11.7

e Anteroposterior diameter of the spinal canal at the level
of the middle of the L3, L4, and L5 vertebrae.

e Transverse interarticular diameter (between ventral mar-
gins of facet joints) at the level of the upper margins of
the L3/4, L4/5, and L5/51 discs.

e Lateral recess diameter bilaterally at the same levels as
the transverse diameter.

CT criteria of spinal stenosis were based on our own normal

data [22]:

e C(Central stenosis: anteroposterior diameter <11.7mm
and/or transverse diameter <16.0mm

e Lateral stenosis: lateral recess diameter <5.2mm

RESULTS

Nerve conduction studies and needle EMG

The presence of radiculopathy and/or polyneuropathy in pa-
tients with LSS was established on the basis of NCS and nee-
dle EMG. The criteria for radiculopathy included the presence
of abnormal spontaneous activity or chronic neurogenic
MUAP changes in two or more muscles that receive innerva-
tion from the same root, preferably via different peripheral
nerves. Abnormal values for the soleus H-reflex amplitude
were also used to assess S1 radiculopathy. If clinical suspi-
cion of radiculopathy existed and needle EMG of the muscles
of this myotome was normal but the H-reflex of the soleus
muscle was abnormal, it was considered sufficient to confirm
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radiculopathy S1. If the H-reflex proved impossible to elicit, or
a side-to-side difference in the amplitude of more than 50%
in comparison with the healthy side emerged, the findings
were considered abnormal. The criteria for polyneuropathy
were non-elicitability or reduced amplitude in the sensory
neurogram of the lower extremities, bilaterally abnormal val-
ues of the soleus H-reflex, and abnormal EMG needle findings
in only the distal muscles of the lower extremities.

The presence of radiculopathy was established in 70.6 % of
the patients with LSS; polyradicular involvement (46.1% of
the patients) was more common than monoradicular involve-
ment (24.5% of the patients). Normal needle EMG and NCS
were recorded in 18.6 % of the LSS patients and polyneuropa-
thy was established in 11.7 % of the patients (Table 2).

The involvement of the particular roots was also established
in patients with LSS (number of patients with radiculopathy
in at least one lower extremity). Involvement of the L4 root
emerged in 37.2% of the patients, L5 root in 51.9%, and S1
root in 50.9% (Table 3).

Evoked potentials (MEPs, SEPs)

Motor evoked potentials were evaluated in 101 patients with
LSS (one patient was exempted from this examination be-
cause he had a pacemaker). Abnormal MEPs to the abduc-
tor hallucis muscle and/or to the tibialis anterior muscle were
found in 31 patients (30.7%) (Table 4). On detailed analysis
of MEPs it was found that prolongation of spinal latency or
non-elicitability of spinal response to AH muscle and/or TA
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Table 3

The presence of involvement of lumbosacral roots based on nerve conduction studies and needle EMG

Distribution of radiculopathy L

other

Number of patients with radiculopathy in

. 38.0
at least one lower extremity

53.0 52.0 0.0

In % of cases 37.2

519 50.9 0.0

Table 4
Results of motor evoked potential examination

Type of MEP examination

MEP to AH muscle

MEP to TA muscle

Number of patients with abnormal

. . 18.0
MEP in at least one lower extremity

21.0

In % of cases 17.8

20.8

Table 5
Results of somatosensory evoked potential examination

SEP of SEP of ficial
Type of SEP examination . © of superticia’ sensory SEP of sural nerve
tibial nerve peroneal nerve
Number of patients with abnormal
SEP in at least one lower extremity 48.0 36.0 40.0
In % of cases 47.1 35.3 39.2

muscle had occurred in 27 patients. Three patients exhibited
abnormal spinal response and an abnormal value of CMCT
contemporaneously. One patient exhibited a low amplitude
of cortical response in comparison with the CMAP amplitude.
No isolated abnormality of CMCT to AH and/or TA muscle ap-
peared. Contemporaneous abnormality of MEP to TA muscle
and to AH muscle was found in 8 patients, only to TA muscle
in 13 patients, and only to AH muscle in 10 patients.
Abnormal SEPs were found in 60 patients with LSS (58.8 %)
(abnormality of SEPs in at least one of the three nerves evalu-
ated) (Table 5). Unambiguous damage to the peripheral part
of the somatosensory pathway predominated.

Abnormal SEPs of the tibial nerve in at least one lower ex-
tremity were found in 47.1 % of the patients, abnormal SEPs
of the superficial sensory peroneal nerve in 35.3%, and SEPs
of the sural nerve in 39.2%. Contemporaneous abnormality
of all three types of SEP was found in 26 patients (25.5 %).

Of 19 patients with normal EMG, one patient showed abnor-
mal MEPs, 4 patients abnormal SEPs, and one patient abnor-
mal SEPs as well as MEPs. When abnormalities of any evoked
potential (MEP, SEP) were considered, the number of patients
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with normal electrophysiological findings was reduced from
18.6% to 12.7% (Figure 1).

DISCUSSION

It is believed that the presence of radicular or (possibly)
polyradicular involvement is a typical electrophysiological
finding in patients with LSS. In this study, the presence of
radiculopathy was established in 70.6 % of the patients with
LSS, with polyradicular involvement predominating (46.1 %
of the patients). These results do not disagree with the lit-
erature. In a prior study, needle EMG and nerve conduction
studies revealed pathology in 75 % of patients with LSS [23].
The most frequent findings in LSS patients are considered bi-
lateral, multiple lumbosacral radiculopathies (in about 50 %
of the patients), and in approximately 20% of the patients
the presence of monoradiculopathy is determined. Lower
lumbosacral roots, especially L5 and S1, are afflicted most
often in patients with LSS [16]. In a study involving 200 pa-
tients with lumbosacral radiculopathy, L5 radiculopathy was
recorded in 47.6 % of the patients, S1 radiculopathy in 30 %,
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Diagnostic contribution of electrophysiological tests in patients with LSS

and L4 radiculopathy in 17.2% [24]. This study found L5 ra-
diculopathy in 51.9% of the patients and S1 radiculopathy in
50.9% of them; L4 root lesion was less common, in 37.2% of
the patients. The higher percentage of the incidence of L4,
L5 and S1 radiculopathy in this paper may be due to the se-
lected patients with LSS, in whom the presence of multiple
radiculopathy is supposed.

One patient was unsuitable for MEP examination because of
a pacemaker. Abnormal MEPs to the AH muscle and/or to the
TA muscle were found in 31 patients (30.7 %). A study evaluat-
ing MEPs to the TA muscle in patients with LSS demonstrated
abnormal findings in 42.3% of its subjects [21]. In our study,
abnormal MEPs to the TA muscle (separately or in combina-
tion with abnormal MEPs to the AH muscle) were found in
20.8 % of the patients. In another study, 65 % of the patients
(of 43 patients with LSS) exhibited abnormal MEPs (prolonga-
tion of central motor conduction time — CMCT") [25]. The inci-
dence of abnormal MEPs in our study was substantially lower.
The difference in the results may be partially explained by the
fact that the latter study evaluated MEPs in three muscles in
the lower extremity (quadriceps femoris muscle, TA muscle,
and extensor digitorum brevis muscle) rather than our two,
and that a “"normal range” of latencies was defined as mean
+ 2 SD (in our study mean + 3 SD), thus increasing the prob-
ability of abnormal findings. Furthermore, the difference with
the results of the study that demonstrated abnormal MEPs in
52.6% of the patients with acute radiculopathy is probably
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generated by different criteria for the definition of abnormal
MEP findings (results that exceeded the mean + 2 SD values
were considered pathological and right/left difference ampli-
tudes of more than 50 % were also considered abnormal) [26].
When the MEP results in our study were analysed in detail, it
was established that prolongation of spinal latency or non-
elicitability of responses on spinal stimulation to AH muscle
and/or to TA muscle (altogether 27 patients, i.e. 87 % of ab-
normal MEPs) predominated among the abnormal findings,
which is thought of as an indicator of lateral compression
of the nerve root. This finding is possibly to be expected in
patients with LSS because of the frequent presence of lateral
stenosis. Three patients exhibited abnormal spinal responses
and contemporaneous abnormal CMCT, which may possibly
be interpreted as a combination of medial and lateral com-
pression of the nerve root. No isolated abnormality of CMCT
to the AH muscle and/or to the TA muscle (implying medial
compression of the root) appeared. The results of the current
study did not confirm those of Bischoff et al., which appeared
to demonstrate that there are no major differences between
MEPs and EMG in terms of their sensitivity in detecting nerve
root compression [18]. In the current study, the sensitivity of
EMG exceeded that of MEPs. The different results of our study
and that of Bischoff et al. can be elucidated by the different
inclusion criteria. Bischoff investigated patients with clinically
symptomatic radiculopathy with frequent occurrence of mus-
cle weakness and the correlation between muscle weakness
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and pathological MEP latency was demonstrated (that’s why
the sensitivity of MEPs was high). On the contrary, in the study
of Bischoff only the presence of spontaneous EMG activity in
muscles was regarded as a pathological finding but in our
study the change of parameters of MUAPs was also regarded
as a pathological finding (that’s why the sensitivity of needle
EMG was high in our study).

Abnormal SEPs were found in 60 patients with LSS (58.8 %)
in our study (implying abnormality of SEPs in at least one of
three nerves evaluated). In the literature, the positive SEP fig-
ures range from 20% to 84 % in patients with radiculopathy
[27, 28]. The results are substantially influenced by the type
of stimulation and definitions of abnormal values. The litera-
ture indicates that SEPs make a major contribution in patients
with LSS in comparison with the contribution made by SEPs
in isolated radiculopathy, possibly because LSS is associated
with multiple radiculopathy and a concomitant higher prob-
ability of abnormal SEPs [29, 30]. The results in the current
study are similar to those of Leinonen, where altered tibial
SEPs were observed in 16 of 26 patients with LSS evaluated
(in our study, abnormal tibial SEPs were found in 47.1% of
the patients) [21].

Of 19 patients with normal EMG, abnormal MEPs appeared in
one, abnormal SEPs in 4 patients, and abnormalities of both
SEPs and MEPs appeared in one patient. When abnormalities
of any evoked potentials (MEPs, SEPs) were considered, the
number of patients with normal electrophysiological find-
ings was reduced from 18.6% to 12.7%. We may conclude
that a diagnostic contribution of evoked potentials was doc-
umented in LSS patients with normal needle EMG and con-
duction studies of the lower extremities.

CONCLUSIONS

Nerve conduction studies and needle EMG are the most use-
ful electrophysiological examinations for the evaluation of
suspected radiculopathies in patients with LSS. The involve-
ment of L5 and S1 roots is the most common. The diagnostic
contribution of evoked potentials (SEPs, MEPs) has limited
value in patients with LSS.
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