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There cUrrenUY Is a clinical need for an objective tech
nique to ·assess muscle dysfunction assoclated'WIth 
chtonlc lower back pain. A Back Analysis System for 
objectively ineuurlng local faUgue In the back extensor 
mUlCles .. presented. The reliability and validity of this 
technique ... evaluated by teatlng chronic Iow-back 
pain patients -.1d control subfecls without back pain. 
Concurrent IUt'face etectromyograms (EMG) were de
tected from multiple back muscles during sustained lso
metric contractions at different force levels of trunk 
exteniIon. Median frequency parameters of. the EMG 
power density 8fMdnIm were monItoNd to quantify 10
caIIzed muecIefatigue. Results Indicated:1) high reliabil
Ity estimate. lor repeated trIaIsi 2) IIgnlflcant differences 
(P <.~.G5) In median frequency parameters between 
lower back pain paUen" and control subjects for ape
cIfIc combinations of contractile fOt'f::J level and muscle"Ie tested; 3) Median Frequency parameters -=orreeUy 
daaIfIed lower back pain and control subjects UIIng a 
two-group dltcdmlnantanal~~u...The appUca
bUItyof this technlq-. • a treatment outcome measure 
and cIIagnoItIcecreenlng method forlower back pain pa
tients" dIIcUaecL [Key words: EMG, medlan freqllell9. 
lumbar mUsculature; muscle fatigue. 1ow-backpain] 

UMB.U MUSCLB FUNC110N is coasidercd to be an important 

L compoocat of c:broaic Iowa' back pain (LBP).1,33,36,44 It . 
bas beea foaacl that iDdividualswida ca4urabl~ back mas

del aad paCraI physical fitaca ba~ fewa' iDcicIcIlccs of back 
probIcms tbaa dccoacIitiOllCd cohortLl,2I,44 Complemcatal)' 1tDcl
lea Iaa~ 4ocamcatod c:ompcomilccl mascle faac:doa fa paticats 
Iridl LBP.z.a.a,11~ A1tboagh the lI'ClCb'nlsm aaoc:iUiag 
..ascIo IaIafIicicacJ to LBP is DOtc:lcady uadcntoocl, It is com
IIlOII1J IIeI4that the paaivc daaca of the IpiDe ale iacrcuia&ly 
~ wid. iacIeasin& f1IIlCtioaaI masclo iasufficiCac:y.t.1OAS4 
TIle1dP ~ of bide iDJUJ among WOIbn ClqIOICCl to fa
dpina -.au! tub aad whole body ~ lead aapport to 
CbII c:oacept.lI To furtbcc ucIerstaad the rdatioasbip of musclc 
fac:tioa to LBP. more C«0CIiYe uscamcat procedures Docct to be 
de¥elopecl aadteItod for cliIIical asc. ToduIiqaca pcaeady aftil
ableto .... mascIo deficieacieI ale eidacr IlOIlObjcctive or tbcy 
lack riaoroas diaical ftIidatioa aad 1diabiIity.30,$4 

lleceatfiadiDp nggClt that objecti~ cvalaationof bact musclc 
fadpc by 1aIfIce·electromyography (HMG) may be of pnctical 
import&acc for the UICISDlCIlt aad ~t of muscle deficits 
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usoci&ted with LBP.SG.51 These preliminary invcsrlgations .doCu
mcated the feasibility of applying quantitative spectral teChniques 
to ENG data collected from multiple surface eleCtrodes on chc 
Iowa' back. It wU delllODlU'atod that the dynamic: fua<:cioaiag of 
collCUl'ROdy actiVe back muscles doriag sustained coatrldioDl can 
be IepRICIltCd by "'fatigac paU.cms- created by Chc spcc:cnl EN9 
shift oc:currin& ill the 4iffcrcat b.,ck muscles. Diff~ fa these 
patterns may be the Rluit of functional disturbaaces ia back ex
teaIOC' maaclcs usociatod with LBP. 

.The ltDclypcaeatod here is a coatiauation of Ihcsc prdimiIwy 
rcnIts. It cIeIcribcI the reliability of the uscamcat proccclarc aad 
the c:tinlC:at validation of chc teebaique for discrimiaatiai mascle 
faac:doa fa cbronic LBP patieatl aad normal coatrolsubjcets. 

Background 

The cadi.CIt adies of back mUscle fatigue iavestigated the re
latioG bc:t-ftea the ENG sigoaIs of the lumbar musculatureof the 
back durln& ItIdc coatraetioas. Morio~ obscrvecla cIecIeuc fa 
the ENG IIpaI amplitude aacl aD lac:rcuc ia low frequeocJ po- . 
tcatials wbDc subjects pcrformcclaatic Iiftiilg.Ia alimDar staely, 
Chapmaa aacl TIoupIO obsem:d a dec:R&IC fa the total clectdca1 
-activityduriDgthe 0IlSCt of fatiguesymptoms. They auribatccl chis 
~ to a traalfer ofactivity to other mascles ia the cnmk;how
ever. ill a subtcqacat study,61 they fouad that the fatcgratod EMG 
sigaaI iacI'cuccI with fatigue. Okada, Kogi, aad IdJii46It11diccl b&ck 
.-ascIc ca4uraacc for a ICrics of facrcmcateclloldasustalaccl a
til chc 0IIIet of muscaW paiD.The ENG sigaallaitially lacrcuccl 
wida fatigue aacl tbcn, darlag chc contn.etioa'ilater ItqeI. It do
ercued; sugCItiag that sabjectl may ha~ alterecl theirpoicme to . 
aI1cYiato mucalfr paiD. They also obIeM4 that the low freqaeacj 
colllpOllCDtl of the HMG power IpCCCrUIIllaclatc4 COIIIltteatly 
CIIrOaPoat the ClOIltndioIi.. ADdcnIoa ct aP ftlCOl'CIo4 from ...,. 
more cIecCrode lites aad ftlPCAtod tcICI for 4iffcrcat Inmt pol

tureL 1'beIr rcaaltllhowecl ~ ia ENG lIpaIamplitaclel at 
.	 an dctecdoaIitcI of the bact ~ the angle of fonoarcl fItdoa 
wu lacrcuccl. They obIervccl slgalficant ENG spcc:cnl cbaa&cs 
fa tboIo teit podtioaI that also prodac:ccl IIlgh HMG IIpa1 am
pIitadeL Fartbermore. they fouad that aa lacreuccl1cwi of ENG 
actMty wasalways accompaalccl by aa lacreuccl rate of c:IwI&e 
of the HMG powerapectnun. . 

A few quaatitaChe It1IdiCI of bact mascle fatigue Iaa~ Waded 
LBP .,.-tI. DeVriesl ' comparcel cbronic Iow-back pala. pI.

dcDtIwith Dorma1 coa.tro1I~ pioIoqecl ataAce. TboIe IUbjecCI 
whocIcvelopccl pala dariq the cxpcrimcat sho'ftCllacreuocl bact 
ENG' activity, whaeu those who cxperieaccclao pala bad do
c:rcuccl HMG activity. SimiIi.r n:sul.tI werereportc4 by JaJUla8bc 
ct aLu R.cceu.dy, Jcqcasca aad NicoWseaU &qJOl'tCd that sub
jects With prior seriousauacb of LBP had lea eaclurailce capacity, 
but IimDar ICmIgtb. in chc trIulk eXleasors wbca colllp&Rd with 
pain-freecoatrolnbjectl. &durance wu clctermiacCl by moaitor

. iitg the time to exhaustion doriag the performaacc of -sustaiaccl, , 
isometric back. extension. 



Although these studies have made some contributions to our Despite. a renewed interest in EMG spec:tral meuuremcQts 
undemanding of back muscle function, they share two IDAjor aaws. and eeeeet ' lCCbnical advanCes· in quantifying spcc::ttal fatigue 
First, previously reported wod on back muscle fatigue has relied parameters,2U1 surprisingly little attention has been focused on 
on analysis of EMG signals detected from only oncor two mascle . demoastrating'tbe· applicabilitY of ,owec spcc:ttal IDCUlIRment 
sites. The back extensor muscles,' u described by physiologic tcc:bniq1lCl to spcc:ific mascle disorders. In response to this need, we 
and kinesiologic reports, cannot be accurately assessecl u one developed a Back Analysis System (BAS) to implement this tecb
continuous muscle mass. Rathe.:. they are better described u a nique for evaluating l"mbar muscle function in indiVidnals with 
mosaic of distinct functional units corresponding to the different LBP.<C9,52 . 

back muscle groups.' Thus, the meager data from only one or 
two muscle sites <:aD only provide a reduccc1 and oversimplified SYSTEM DESCRIP1'ON 

view of the muscular performance and would preclude meaniDgful FIgUI'C 1 is • scbematic of the computer-aided BASsystem used 
quntifieation of muscle imbalanceS or deficits chat may occur in this study. Its ·individual components are described belo,,! in 
with LBP. Secondly, the majority of previous studies have relied more cletaiL 
011 the amplitude of the EMG Iipal u an indic:atoc of mascle 

Postural RestralntIForce AcqulsWon DevIcefatigue, cIeIpite tbe fact that it is ICIIsitive to many factqa odacr 
than masde activity....,. FurthermOR. HMO am.pIitade meaarec The experimeatI repoctccl in this paper ased tberestraint dcYicie 
ate Abjce:t to rudom nriatiOlll UlOIIIIepIIUC tats evCa wbcIi (X'CSCIIte41o Facare2. The I'CItraintclmcc 1tabiU_ tbepchis &ad 
an apcrimeatIl ~ ate m.;ntaiaccl coaltlllt 51 lowec limbl cIariq ltaIldia&.aDd was desipcd 10 eaaare that dae 

A preferrccl method. wbic:h bas pined wider ac:ccptanee dar 11IItainccS, Isollletric made acdvity observed was actuallyusod
tag ftlCCDt yeus. is to IDOIIitor tbe modificacionalO tbe froq1lCllCY &ted with tbe flcDoa torque bein& IIlOIIitOrccL TbccIesip of dae 
domaiD propec1ies of tbe BldG Iipal that ate aaoci.te4 with fa ratraiat ~ is craciaL It sboal4 1soIaIe tbe force CClIlCrihadoa 
Iipe. '11dI tecbaique moaitocltbe compreaioA of tbe~_ of tbe',bact mucles 4adq ~OIL pan. 10 do 10 CIIl com
sky IpOCCnIm towarcl lowec froqueac:ies u a iGstaiDcd IsoIDCCriC . ' promisetbe wJidity of tbe tats. The cIcvicC was COIIItnIc:te4 110m 
coatradioa. JIIOIfCSSCI.J4,4lAS7.s TbiI wcIl-4oc:ulllClltecl pbcaom collllllerdal1y available heugoDal blbtag u4 coapIinp that al
eaon bas. beea theoretically and empirically corrdatccl with low tbe appanms. to be tailore4 to a Iarze varietyof Abjccts and 
biocbemical aDd physiologic pt'OCCSSC$ associated ·with mucle bo4y positioas. Spec:ially COIItoured, adjustable &oat u4 Jell' re
fatiguc.1<C Aaalysis of this time-depeo.deat modifi<:atiOll toChc BldG Itr&inlDg pads hold the subjcc:t accardy in a poItCrioc peine tilt, 
sipal bas Iccl to tbe cbarae:terizaCioD of muscle fadpe u a COII aDdaAQatabIc bee pads providepatd1ar~ sarfIccL 
6aaoa procell ftdI« than aliqJc-poiat C'YCIIt rclatccl to ~1IIe Tbe torqao ~ dadDc aalacJlIldric coatracdoa.is meuaIed 
of fOl'OO pro4acdoL From a pnctical penpcc:cne. HMG IpOCCItI with a ~ lwDcII.podtioGccl &Cl'OIItbe IhoaIdctregIoa of dae 
mCuarcIDeacs aremoreIadepeIldeat of IlIbjee:t mocmdoD aDdee back aadattachecf to two load ccIII 11&" a compliuce of 2.7 
qaR lea clellWlCliilg COIItrac:tioas, since tbeIGbject is not reqaiRd ,,~ DiffeRllCCS in tbe force computed from ChC two trau
to sastaiIl a COII~OIl until he canDOloagcrmaintain a taqeted 4acen c:aa pnwicIca IIlCUlIIe of tbe 4esi'ce 10 wIakh a -par is 
fon::e level. I)'IIlIDdric or indu4es a torsioaalcolDpOllCllt. A maximal vola
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fig 1. A ~ of th8 Back AnalysisSystem (BAS) for evaluating fa~llted information from lumbar muscles usingspectJ;al EMG 
analysis. .. 



This parameter bas been shown by Stulen and De Luca~ to pro
vide a reliable. consistent, alld unbiased measure of the fr;equency 
shift 0'( the EMG signal associated with muscle fatigue during sus
tained, constaDt-force contractioos. The electroele c:ircuitry.used 
to measure Dluscle fatigue was designed to be integrated with an 
on-board pocket compulCl' (Sharp PC ISOO/CEISO; SharpEloc
tronics, ParaDlIll, NJ) for device control and hard-eopy of both 
graphs and textl. A more I'CCeIlt veni.on of this device basbeee in. 
tegra.ted with an iBM-PC compau~1e computer, thereby 'offering 
greater performance capability.111be bandwidth of theinputltage 
is 20 to SSO Hz at a -3 dB with a filtCl' dope of -12 dBJoc:tIve. 
To further eIlSurc error-free HMG detection, a compouent of the 
circuit continuously monitors the sigDaI output from theeleCtrodeS. 0" 

Signallevds abene &Ild below a pact amplitude ruge (±20 "V 
to ±4 m\'). or IipaJs COIltaiDiDg powcrli.De-indaced interfcreace. 
trigger an aadt1Jle alum to Worm the opCl'&tor of .:n error COIldi
UOIL 

Data Analysts 

FoIIowiogeach cxperimeat. die HMG IipaIs were iAdividully 
proceaecl by aaa10I circafti1 asiD& the made faciaac IIlOGkor 
(MFM) to colllplfC die MF Y&lae oldie Iipal. 1'bIsparameter aad 
the forcedata werefartbet ampUfiocl u4 limialtueoualy cIi&idzccl 
at 100 Hz uiog • PDP-1I113 mic:aocompac.er. A IIJIlpIiq rate 
of 100 Hz was 8Cloc:tcd to I&dsfy the Nyqailt criterion, IiII<:C the 
flue:taatioaa of the MF &Ild force were below 40 Hz due to the 
c:harae:teristics of the MFM. 

Tbe di&ftiz4ld MF RCOC'dI foe: each of.dIe ax dectro4c Iocatioas 
~ lialaltuocMaly pIoUccl u '. faac:tioa of time(P"1pe 3). The 
software a1goritbm IIIed • IIioYiq 'verace filter with • 2..ec:oed 
wiDdow (200 a.mpleI) to ftldoce1aigb-bqacacy ft.ad:lI'tioIII illdie 
data. TbeIc bigb-freqaeaey flaetaatioaa are dac to the ttodwtic 
aatlR of die BIoIO aIpal ucl are DOt of.iat«clt 1dIeaobtcniDg . 
the ~ c:baqca of dIe·MF aaodatcd ~ fadpc. 

- Theplot Isdivide41ato two IOCtioat. COI'I'eIpOUdiq to theleft ucl 
ript tldct of die NA:k. TIle ~ uia ft(lRlICI1fI the MIl ucl 

tuy contraetioa (MVC) acquisition system also was in<:oqJoratcd the 1aodzoaIal uia nplaea&I time. Qaaadtathe ~ of 
ia die doYice .. a cin:ait chat Cllcallta the MVC by a~ theCime rate of"of tile NFolClIo IadivicIaaI QnlCIIs.
force Y&I.- cnu aa ad,jastable wiDcIow. The MVC forenllac Is pmidclL LIaear rCpeaIaa ...... ClIo acebod of&eatIq1IIRI WII 
It.OIe4 u4 CIa be IIIed to let a Waal displayto die desiredper used to compaIO ClIo rate elcIecftue Ofdie MF.A Iiaea' fit to the 
COIltqe ·of die NYC; Tbe feeclback &play Is acceaaiJ to help 8IlfiIt=c1 data WII cboIea Ilaco It mOlt 0ClIIdsteadJ repracatecl
die aabject mlhdala a coutaat Iewl of COIlU'actile force. theCime-cIcp__" oldie MF u ~ &om the baek 

ateaICX' DUIICIeL Tbo foIIowIac paramekla ..-c IIlYcIti&ttcll: ;1)Slgnel DeIecIIonand Recording 
The IaIdal...hpeDcJ (lUll) of ClIo cam. 1IdI wille WII 

Six ac:dvc. bipolarArfICo clec:crocIcI.liIIIiIar to ~ dcIc:ribecI by .obcalM4" Clb'1CIac CIIoT.......ot.1IlnIPt liDo ~
 
DC Laca et 11." ... IIIed for IipaI 4etecCioa. 'I'beIc eIcctrocIes fit ., • "'Ieut~ ..-.&l.o ClIo MP cIata. 2) Tbe tIopc of 
... alipecl oa die alllCle 10 dlat die paraIk1li1ver ban that the.1CpCIIloa IIao f« ~ NF--dme faactioa. cablatoel over the 
mate ., die cIetectioa nrface &R perpendicaIu to the mascle daratioa of the COIdrIdioo.. 
6berL Blec;trodcI ba~. pia of 10 ucla -3 dB baadwiddl of 20 
to 550 liz, witb, IOIIoffof12dBloccage. Theax dwuteIsofHMO 

METHODSIipaJa... farther amplified tb acblfte an oatp1lt amplitHe of I 
to 2 V peak-to-peak.Tbiadata was RCCIC'decl oa II2-iadl mapedc A ICdcI ot~~u4 procedara were fAIl- .
 
cape (HoaejwoIJ. 5600B PM tape nx:ocdcr. HOllC)'WCII. Denver. lowed Woce CIIonliabllilJ.....ucl bact palIlltIIdieI dcIcdbc4
 
CO) at • tape IpCled of 7.5 iadlelltoe to providea bu4width of below. To ClIo eIedIodo ClIo Iocatiou of the
 

mot« palaU fiat IcIeadfiocI low-Ie¥d paII04 e&octdcaI1.25 kIh. Tbe fCIICC trauelucer CMltpIlCl were also rccorcIecl 011. PM 
.ldma1atloL Six acehe nrface .c&ectmcIcI ..-c .pocIdoIaecl '1

tape. •laterally oa the loqiaimathonda aacle at die LI tpbII1lc9cl. I
011theI1iocoIta1iIIUlbcnal aascle at die U IpiaaIIc9cl. u4 OIl"Muscle Faugue Monitor 
themaldfidil auclo at tho L5 spIaal1e¥cl (F"1gUR4>. Care WII 

nil device calculates 4he mediaD. frequency (MF) &Ild the t&kCo IlOt to place ~ e1ecClodeI oa die Ideatific4 mOe« pobdsto I 
..root-mC&ll-sqaarc (RMS) of the BMO IiguI in real-time as .void aawutecl iIpaJ. df~ Idatecl to die ~ ZOlIC of 

iog analog cUcuitly similar to .that ~Dcd in a previous the masclc.51Subjects thea. were posltioaeclin theback teIdiIg ap

publicanoIL1l Mediu freq1lellC)' is defined as the frequency that paratus &ad. fol1owillg severaJ·practiQCClia1s. alDUimal voIWlt11y
 

sep....tes the poWCl' density spectrum into halyes.ofequal power. contraction was dctermio.ed. .
 



IlIQ LEFT RIGHT -- Ll170 
L2160. 

1~0H '.' ..........-., 
L~
 

1.c0. ,:J: ....... 
130. ....., r:-\., 

> 120 ,.-" 
,--.

'.-.-.".'.o 110. "'./.~ Fig 3. Median frequencypiotS as....-.
•
c

",-"\ a function of contraction dUrationl.~~ ....•..•..••••..•.•••• ..:~.•~\,._., 
" 

.. 
:II are depicted fOf the six lumbar".. . _, . 
•
CT eo. / ,1', . : :~\. 

back muscles tested 8180% MVC................
70. . ../ . ' r-.-- ....".. ,. " Curves are arranged In groups ofIi. 60. .. _ \,.,.- ...._ three, Oon"esponOlOg to Ieft- and 
so. right-sided muscles.c

• .co. 
'0

• 30. 
:::l: 20. 

10. 

o 50 0Time (s) 

IleIIabDltJ Assessment. Fouuubjcc:ts participated in the expcr
lmccat to detenaille the repeatability o( Ibe back usessmeat pro
cocS-ire. AD weR male nbjocu with DO reported pRYioas hiItory 
ofbact paiD. 1benbjcctl' qcs nJIIed froID 20 to 38 JCUI(2.4.1 
:I: 5.3).Theexperimea.tal protocol COIlIistcc1 o( two repeated8M1 
MVCCOIltradiOlll sustained for 30 seconds,with a IS-minuterat 
period betwcea contraetiollS. The subject was DOt removed from 
the apparatus between trials and the electrodes were kept in the 
aIDe locaCion for each trial 

A Iiaglo-factor analysis o( nriance (ANOVA) proccdcue was 
aecl to compute Ibe reliability estimate.I This pnlCCClcue calculates 

.. :
 

fig" Atyp1caIlocation of six EMG $UffaCe electrodes lie shown
 
. corresponding to the ~e blaterallocations of lorigI$slmus
 
(L1), lliooos1afis (1..2), end multifidus (l5) muscles. .
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che ratio o( the variance o( the true measurcmeot divided by the 
IWD of the variao<:e of the true measurement aDd the vuiancc 
of Ibe experiaaental·-error" aaoci&tcd with e&da ~ 
Thus. for c.u.mplc. a reliability estimate of 0.8 iil4icatcc chat011 

Ibe average, 2K of the variability in the IIle&SUl'CIIleG cu be 
attributed to expcrimeatal emx. Data from aD six eleetrode lites 
were included in the analysis. 

. Back Pain Study. Twdve patients (32.5 :I: 13.6 JCUI) with a 
histAxy o( cbroai.c back pain were evaluated aDdcom.parccl with 
12 bea1thy lUbjecu(27.4 :I: 6.1 yean). AD puticipIIIta w= IIlI1c 
aDdriPt-ba0de4.·Groapia£ was cleCcnaiDoct IJ)' cbe prcICDCCor 
absence ofa 40camcntcel biatocy ofduoalc bact pIlL Oroak:ity 
was clefinccl u ~t or freqaeady rccarriIIgpaiD OWl' a period 
o( at least I year. The.average duratioR of a LBP bistoIy was U 
,ears for Ibe patient group (ruge. l.S-13 JCIII). Palieldl ..rda 
aeate eu.cerbation of back pain were exdaded. Thole abjects 
with prcvioaI ba~ aurgay or radiographic evideace 0( ItnIctlIral 
disocdenc( the spine also were Cltdadccl. 

PoIIowiq the cIcta1DinadoG of the subject's NYC _ a 
5-m1Aate rat. Ihe Abject performed cine coastut-fORlC C08CrIC
doaa at 40* MVC. ~ NYc. aad 8K NYC for a dandoG IlOt 
to C&CCed 1 mIIlate. A lS-mIIlate lest pedocl betweeaCOIltnedoas 
aIlowecl for faDrecowq of Ihe NF puameten.SS 

A Chrco-factor ANOVA was performed (BMDP, 1917: Beakh 
Scicacea Compating Facility, UCLA. c.Dfonll) fO IInacipte 
.~ ldP parametcn cIiffered betweea LBP ucl COIdIol aab-.. 
Jocu. aad to dWcena Cbe-Id£encche clfecu of ... ucl aacIe 
lite OG the MF ~ ODepoapiq &dor was aocl fO·c:Ia
Ilfy bact pacicaca aad coatrola ad aaodac:r Ift"IPIac fIdor &
tiapJsbocl the reaulta obta1Decl &om. Ihe left ucl rJabllWea of 
cbe bIct. n.eerial facton repreaeaklCllbe three CClIdI'aCdoG 1cY
ell pedormecI clurlq the aperimeatI (Ie..~ NYc, '"'NYc, 
ucl IK NYC). T1dt ua1yIia wasrepeatecI for each of Ibe dIree 
maac:le Jl'OGPI iD~ . 

A two-group. ItepwUe cIiIcrimhwlt analysis was COIlClactIOd to 
. .~ Ibe ability of the MF paramcten to cIiIc:riaIiute LBP 
~COIlCrOl groapi,l Tbb ua1yIia iDcluclocl theIMP uclllopo pa
ramctcn froaaIhe tix elcccrocSo IiteI aad wasperfonaecllepllllCly 
for eachof Ibe threeforce COIltnction IeYe1L AD. puameten w= 
first preacreenecl for multic:ollinearity by coaapatiac a coucIation 
matrix and eliminating those Yariablea 1bat wac IdPlY cocrelatecI 
(a correIatioa coefficientpeat« dwa 0.10). For IIlcire aabdepat-· 
teru of c:orreI.&tion. DO YUiablewaseatereellDto Ibe dwifj.caCiOD 

functi~ wess it could pus a toleranc:elimitof 0.01. 
We also ·tcstcci. the hypothesis 1bat multidlaanel clee:u04e COG

~OIIS arc·bettet" able to cha.rad«izc IbecomplexpCrfcinaanc:e 
of the back muscles and arc bettet" predictors·o( lBP ihaa procc

. I 

! 

http:�..�..����..�


1:f:70 ~U"llC - YVLVU(IL - ~.• ~ 

duces relying on fewer electrode configurations. This test was im
plemented by conducting the discriminant analysis separately for 
each of the bilatecal recordings at Ll, 1.2, and L5. All three con
'traction force levels were analyzed in this way for a total of nine 
.separate classification functions. The per-cent correct classification 
raalting from each of these functions then were compared with 
similar calculations that combined data from all six electrode sites. 

RESULTS 

1bere1iability estimates'calc~tedfrom the ANOVA analysis 
were 0.98 and 0.94 for the IMP and MF slope, respectively. This 
indicates that the error associated with the measurement of IMF is 
2~ and with the measurement of MF slope, 6~. The results of the 
reliability trials are represented in Fagures Sand 6 for estimates of 
IMP aacl MF dope. lapectivcly. Eada figure presents a scauer 
plot of the data for repeated trials (Trial I, Trial 2) "ccuted 
15 _uta apart. The aaity-dopc. zao-intercept tiDe represcacing 

'perfcet'reliability faDswithin the 95~ coafideDce limits of the data. 
For the LBP and control subjects, multiple anpahcd Studea.t t 

cau wereperformccl to 4ctennine ifpoap differences existed with 
ftlIIICCl to· ... weigbt, height. or awdmam ~antary contraction 
Ie¥eI. "ibe readts are salllllWizccl ill Table 1. Of the anduopomet
de pvap paramecen studiccI, slpificant pap differences were 
..- 80IcIy with regard to body weight (P > O.OS). The LBP 
poaplwl a mean body weight that wu 13.7 q (30 poonds) 
.1Iiabcr thaa the coocrol group. No isometric strength differences 
.were obIene!! as meuarcd by the MVC values. 
, TbC salllilwJ stadsUcs for IMP aDd MF slope measures from 
the LBP lt1I4y are ploctecl ill Figura 7 aad·S. respec6YC1y. Each . 
~ coataiJII data for the Ioogissimas (1.1). iliocostalis (1..2).and 
maldficlas (LS) masclcdetection sites. IAeach plot, thedata from 
the Icft ancI dabt IicICI of the bact arc farther subdivided, as are 
the fORle IcftIs of the contraction. This graphical representation 
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fig &. A ecatler plot of initial median frequency (lMF) data foe' 
repeated trials (Trtal 1, Trial 2) tested 15 minutes apart. Data is 
fOf all six electrode 'sites In tour Sllbject$. A -aeast~res· -linear 
regression and 95% confidence band are Ind'lC8ted. 
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fig 6. A scatter plot of median frequency 8Iope data tor Alp88ted 
trials (Trial 1, Trial 2) tested 15 minutes apart. Data is tor 81 • 
electrode shes in four subjects. A "1east-squares- linear regression 
and 95% confidence band are inc:flC8ted• 

identifies a number of important results, which are nmawizecl 
below: 

l) The IMP cIc<:rcascs for inc:reuin& leveIi of contrac:d1c force. 
Tbis relationsbip was pI'CSCGt for all mllldc JRMIPI tested aacl ill 
boch LBP subjectsancI coatlOl subjects. 

2) ~-dpt cfifferCoces are prcICIlt ill bocb LBP aacl ~ 
sabjcetI fOl' each of the parametalltadiccI. 

3) For UJ Jh'en coatnetioa fORle IlMl, the aWft&O IMP aacl 
UP dope are peatcr at cbcLS 4etccCioa Ike dwl at cIdIer'daio U 
or L2 cIctection Iit.cI fOl' baCh UP ancI cOaIrol. saIIJects. , 'f:~~;': ~ 

4) The IMP it lipificUdy lower fOl' LBP sabjcets compa1'Ccl 
with control subjects &ClOSSall fORle 1evd.I of Icft aacl light &oqia
lim... Ll elcctrocIe location. 

5) Low-bldc plio IUbjects ahlblt tipificaady Id&ba' MPIIopc 
wlllCl diu COIlcro1lUbjecta at 8O~ NYC fOl'the Uaacl LS 
RCOrdia& Iit.cI. .. . , 

The readts of the cIiIcdrDiaaat aaat,IcI are prcnldle4ill T.... 
2 ancI S. A muimam of IIx IlOIlCOCI'C1ate wdabIeI.-e eIIfeIe4 
into theIe dkcdmfn·nt aaaI1IeL For cbc...... wIIIcb lila" 
IifAlI ~ 1acla4ccI .. cbc aulyda. dao1»eIt d.afficadoR ...... 
coaapoDcIecl to trilla COIl4a.ctecl at 401" NYC ad IK 1otVc. 

Table 1. Ch8ractertatI<: of Subjects: MeanValues . 
. . (StandanI DevIatIon) 

Contto( subjects LBP suI;rJects 
(n c '2) . (n c , ') 

Age (yra) 27.3 (7.2) . 32A (14.3) 
. ~(cm) 169B(17.o) 171.9(10.1) 
Weight (kg) 71.1 (5.9) . 84B (14.3). 
we IewI(kg) 105B (24.9) ·,112.1 (34.6) 

.:LaP =Iow-back pain: MVC =maxlmaI YOIuntary oontta<:tlon., 
.p < 0.05. ~ Student unpaired two-ta,lIed t test- ", '.' 
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UAXIMAL.. VOLUNTARY CONTRACTION (~-"'. 

FIci 7. Meaninitial medianhquency (1Mf) for leftend dgIi muscle 
QlOUPS for three ~ forces lested In patients (e) end COlWoI 
(0) UJjects. Plots are presented for the (a) Ionglsslmus (l1), (b) 
IIoco8tda (l2), end (e) ndlftdus (l5) muscles. .." ~ O.os for 
IllgnIlicanolt of dlfferenoebetween means. ... . . 

Theua1yIiI c:orrocdy predic:tcd 92ti of dacUPJfCMIP u4 82t; 
of the~poap f~ tbC ~ MVC tdak. 'I'1IJs ClOI1UpOD4a to 
0IlC &JIO.pocIthe ucl two false aeeum ideatificadoaL~. 
for ifao 10,; MVccrla1I, cbc aaal)'IiI conecdy ideadfiecll49& of 
the UP poap u4 91ti of the <lOIdrdl poap,'I1da CCXRI(lOIlds 
CO t1WO faIIO poaldvc ucl' 0IlC t'aIse DCptivc d.aificatlou. The 
paceat eorrcct dusifi~ by cbcdiIcriimawat ~ dIac
fore wu acarI1 the same for Idecacifyiaa LBPabjeetI u It wu for 
Idcatif'1IaI COIItI'Ol sabjeeu. PerfOl1lWlCC Idcred .1IICWIut for 
the 6K MVC crla1I, paitlc:alady whcG idcIatif1iaI.ClCICdiolIab
jcctL The YUiableI eaterecI lIlto cbc discdmIuat faactioa wac 
primuDy the IMP at L1 ucl the MP dope aeaIlIICIDeIlCS at U 
aa4Jor U. Thercnlu show a htper peiceatIge ofCCXI'CCt~. 

ficatioa for UI1yIis lD wblch an electrode Iitea are iac:l", ill the 
cIiscrimiIwlt ualysls (Table 2) thaD. for the aIII1ysIs lD ftlcb DUll

de groups were created separately (TabIe.3). The4ala aulyzcd 
for teparate"masde croups demoastratccl oaly ODe colllbilWioG of 
lumbar Icftl andcoatracdle level (LS at IO~ NYC) ill wtdch UP 
ucl coatrol grOupi-were identified corrcedy for at Icut 75t; ofdie 
easeL (R.)Slope and (L)IMF.lD that onIct. were dlediscrimiJwiDg 
variables for this two-group analysis. " 
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UAXlMAL. VOWNTARY CONTRACTION (~ 

FIG .. Mean slope of median hquency for left end dgIi muscle 
groups for three WAVeforces lested In p8tIenIs (.) end conlrol 
(0) subjects. Plots are presented for the (a) ~ (l1), (b) 
IiooosIaIls (l2), end (e) ndlftdus (l5) muscles. .p < o.os for 
slgnIficance ofdiffereooe ~ means. 

Table 2. Resc.Ifts from Dlacrtmlnant AnafyMs

. AI1lumbar I.eYaIa
 

1 
NLBP ' LBP Vatlllbles used 

(n=: 12) (n-12) nclassbIbJ }
(1lIJ (1lIJ (1/1 0tdetJ 

92 82 (R)IMF,l1 

~ 
(l)SLOPE,l1 
(l)IMF,L2 
(l)IMF,l1 

60 67 75 (R)IMF,l.1 
(l)Sl...OPE.L1 

80 84 91 (l)IMF,l1 
(R)Sl.OPE,l6 
(l)SlOPE,L6 
(l)SLOPEJ..2 . 

(R).(l.) =rlgtttsIde,·left side; laP = with Iow-backpain; NlBP - . 
without low-ba<:k paln;IMF = initial median hquency; SlOPE
mecflan frequency slope. 



Table 3. Results from Discriminant Anatyses point and highly recommend this procedure for aU surface EMG 
Individual Lumbar Levels detection. 

The alternative -to our method of'electrode placement is toPercent COITect 
Contractile locate the dectrodes at fixed distanoes from vertebral or otbecclasslflC8.tion
 

level bony landmarks. We did not select this methodology. nOr do we
 
I...umb8I (Percent NLBP LBP VariableS Used
 advise it, since this procedure offers little possibility of a functional 

level We) (0 = f 2) (0 = f 2) in classifICation - interpretation of the EMG and will in aU Iikdihood contribute 

L1 80 70 73 (l)IMF greater variability to the data. When fixed booy landmarks are 
-60 70 75 (R}lMF. (l)SlOPE used. the individual differeaoes in body size and anatomy "liD 
40 70 75 (RIIMF. (L)SlOPE determine which muscle groups ar'C Dear the detection dec::trodes 

l2 80 63 70 (L)SLOPE, (R)SlOPE as well as the position of the dCdrOde relative to the motor point.
40 75 70 (R)SLOPE. (L)SLOl"E 

Few published EMG-studies of back function have examinedLS 80 75 75 (R)SLOPE. (l)IMF 
60 - 75 50 (R)SLOPE the r'Cproducibility of the lI1CUUr'Cments.30 In this study. estim1tes 

of measuremeat etror for IMP and MF slope wen: 2~ and 6~. 
(R), (L) = right side. left side: LaP = with ~ pain, NLBP 0::: respectively; well within the limits of acceptability for diDicalwIlhout ~ pain; IMF = Initial median frequency; SLOPE 0:::
 

median frequencyslope.  applicatioDL In this experiment, the dec:trodcs wen:DOtphysicaDy 
removed between trials. heace the measaremeGt cmKI coal4 be 
caused maWy by two facton: a sUgbt movement ollbe eIednIcIe 
on the skin surface and a variation in the force output of the back 

- "" ~ -0 muscles- in the two contraeti.ollL Previous ltlIdies ha'¥'C ~ 0 IS~SSI N a theoretical baQs4.1,JoC for, and aD empirical ¥erificadoQSl 0( the 

RelIabIlIty - seosilivity of HMO Iipal parameten to miDor displlCCIDeIltI of 
Aay .ew-teeluUqae that is introduced as.. means of cva1.aatioa the e1cettode. 'Ibis COIlCCnl is partic:alarlyreIevaat wbea spectral 

_at u'¥'Cits ft1iabiIity demonstrated.-'Ibis is particaluly tnIc for parameterI of the EMOsigul arc c:alc:a1ated because.a1tboa&h the 
sarface HMG ttduaiqaes because there'is a Dced to ovc:n:ome the average amplitude of the EMO IiguI may rem.aiD iD-apilbady 
bias that bas evolved from a history ~f nnfulfilled expec:tatioas. affected. the frequency spectrum can be altered due to variations 
TwoiIIaes that cft'ect rdiabDity must be acldressccl: the specificity in the spatial filtering properties of the tissue between.-the ae:tivc 
of Ibc _acIe ~ the cIecected IiguI and the Iocatiou of - fibers and the detectioa electrode..The SCCOIld possiblecaaae of 
lbe Rd'acc_CleC:CrOdC oa the mUlCle. - the erroc. the variation of force output. wiD dfect the MP w1aeI 

no... ol_asc:Ic ~ aaodated with EMG cIetectioa by alteriag the coatn"batioa of mot« aaitl to the ENG IIpalu4 
II reIeftIltto cbkucl 0Cba' ItUdies that actempt to extrapolatere- thus modifying the frequeac:y apcetram of the HMGIipaL 
Alt1 to c:Iwactcdze IpOCific: mascle poapL The qaCstioD often - The precautiOGl taken in loeatiag the e1edroc1e oa lbe mucle. 
niIocI II wbeCbet the cIetectctI HMG IipIl iocIudeI myoclcetric apcciaIly cIistaIK:iD& the e1cc:trode from the IIlOC« poiats, rca· 
adhitJ from aeI&bbodaI. or C'¥'CD distant masc:les. SacIl alipal; ~ den the IMP in this iutaace primarily related to the average 
wbicIa .., be emMlOOGIl1 iDterpret.ctl as ~ by fibeq Deal' .; _ cross-scc:tioul area of the masc:lc fibcn bciagdeteete4.14'I'bisad· . 
lbe eloctrodc. II aaaIIy rcfarctl to u -aoss-taIk-. We miaimiuid ativeIystable dctcnaiAaDt 01 IMP <:all be coatrufecl wIda·the IDOre 

CI'OIHa1t by canfaIIy eeIec:tio& the IIlOIt sapcrficial back atcDIOr aaprcdictable procum of metabolite prodactioa. I'04dIiadOD 
_acIcI wIdl NIathdJ ..... mucle aoalCCtioDs. A Ilamber of and YUCU1u flow. wbichare lbe primary dctcnDiaaaCI of lbe NP 
diaectecI ada'¥'Crl ~~ to bcIp select etecuode Iocadoas 1lopc.141'be1C dift'ercat phyIiotogic correIata ma1apIaIa lbe dif· 
__lbe -.for ccectorIpiaaeIIlIIIde poapI ~ 80t cmdappecl fcrcaces IIIJdiabilitybctweea IMP aDd MP IIope pII'UIICtCQ. P...• 
.,~ .aIdeL The ~ ale of clcctricallCillla1adoa 1berItlldieI are pIaDDed to mCanre lbe reliability oftbk teeIudqae 
u4 ~ In sabject1 prior to dcetroele placementheIpccl to wilhin the LBP population. 
IIoIuotbeeo --=Ie poapL III acIditioa.lbe dcetr:ode',bipolarcIc

Nonnal Back Muicle PerfonnanceIIp.IIIIIIl(LOCID)~~u4lacorpondoaof 

panDel ..........odcated pcqIca4icldar to the macle fibeq OaecOasisteat fiDtIiDI obit;rvetl ill Cbia 1tlIcl1 WU tbo ~ 
.. faWftlClIaiP _acIe 1eIecChitJ.'·Despite Cbese precadoal. It treadill IMP wIda Iac:reuIq force Ie'¥'Cl ollbe COIlIrICCioL Tbia 
ItiIl caa be arpecl that lOmecnlIHaIJc iDa1 atiltuve bcca pcacat. fiDdiq II ~ _ ia 6mb -ac:Iea. where the opposke beItawiochu 
Ieceat DdieI CODdadeid IneMII'laboratory aa4 dscwtaere16,1t ba'¥'C been aM:naIlJ reported.l4.9 The dccreuiDg tread In IMP wIdt 

_Ibed IOIDe fi&bl oa Cbia iaue. TbeIc lqKIItIu'¥'C COIlClac1c4 that iacreasiDg fene IowIIOeG ia P'JIURlI1A to C sagesta that IIIIIIlcc 
'll'to lU*ofalipal (peat-to-peak ulpfttadc) cIctec:ted. abo'¥'C aizc4 macle fibers are recruited at IaiP COIltraCdoIl force IewlIL 
• aef&hboda& macle ma1 be dao 10 CJ'OISota1k ~ .... 10 ac 11IiI obIcrYadoa. is couiatcat-with I'CCeGt repodS from UdAJpIJ aa4 
tifttioD of the mlllClo belowlbe dctcctiDg electro4e. 1'beIC It8diea biopl)' at1IcIieI that Ibc later IeCrUited. Type n macle fibers"ft 
~ COGdaetecl OIl lee muclel ODlTo bcnmw. 1iali1It~. amaIlermeaD cIi.1IldCn dIaD Type I fiben_ ill Iuamut trak--.or 
doDI are !lOW bciag-ClODdaded oa lower back masdeL masdeL""-'0 'I'bis Ii aD obVioaa. u4 ntbcc profoad. deputllie 

no ICCODCIIaac that effcetl reliability pertai1Is to lbe IocatioD from tbo Ilorm for almost all other hlUlWl ablda1 maclcL2A . 
ollbc dcetr:ode OIl the mUlCle. Thiais zenerally 80t a problem A tread towud IacreuiDg fatigue ntCI with bI.c:a'cuiag fococ 
-.bca. the aiDputude of the ENG Iigual Is used as a measure of of contraction also wu dwacteristic: 01 the lower back masc:la 
mucle activity. It cIoeI become important when HMG freqacacy festcd. This obtcrvadoa also is collUllOll1y foaDCllo 8mb macle 
parametcrI arc used. Oar past wortS' has shownthat the apcctrul studies,' ...." and is mostlikelydue to the incrcuecl ratoof metab0
of the ENG aPaI is ICDIiti'¥'C to lbe placement of the electrode lite accumulation_ usociatcd with aD ia<:ri:uiD& COI!crac:cile fn 
ill the viciaityof the motor point. Oar empirica1 fiDcfiqlare leva Tbiacall occur ~ a prcdomiaancc of Type nDlOC« ukI 
consistent with lbe pRldictioaS 01 thcocedcalcocaderacioaa. Thus. . are active and the pressure .within the muscle re4ucca-tbo blood 
we chose to place the detection ~Ioctrode away from the motor flow to the muscle.14 



Median fr«iuency parameters displayed ·inc.onsistent Ieft-to
right differences that did not appear to be related to the presence or 
absence of LBP. It.is entirely reasonable to expect that left-to-right 
differences may be more representative of patientS wh~ have a uai
lateral mechanical deficit,21 but none of our patients suffered from 
Ikeletal deficits in the back. Furthcnnore, we did not overtly 
control the amoUilt of trunk rotation that may have beenintroduced 
into the trunk extension task, Inconsistent trun.k rotation could 
result in an assymmetrical "pull" that would produce: inconsisteo.t 
contralateral results. Our findings are in agn'JCmeot with those 
obtained by Jayasinghe et al and Collins et at.1U6 who observed 
inconsistent left-to-right differences in both patients and healthy 
iodividua.ls, especially during exertive tasb. In contrast, Hoyt.a 
aJ25 obsaved larger absolute left-to-right diffcreaces ill· actiYity 
levels ill back patients IS compared with coottol.subjeeu. Cram 
and Stegerl] observed left-right imbalaoces ill patients, bat they 
did not test he&lthy IlIbjects. 

The diffcrcaccc ill the MF parameccrs for the dItce 11UIlbar lev
els selected may be directly related to diffcreaces in mcc:IwIi
cal advantage and other biomeclwdcal facton that detenaine the 
amoWlt of force a maac:leneeds to generate. PrcYioGs biomcc:lwli~ 

cal mocldiq ltUdies of the lumbar musc:ula.tucc cluriq ItIIlcling or 
lligbt fOl:Wlldflexion have pr-edieted createi' forc:ei for the lower 
lumbar masc:alature than the upper lumbar mUlCUlatare.a This 
diffc:RllQe in force distribution may cxplaiD CIte higher MPdopes 
observed at LS than at either L1 or L2 electrode lites. Similady. the 
bigber mean lMF values at 1.5 compared with upper 11UIlbar mus
des may result from larger maac:le fibel' aoa-Iediooal areasoften 
usocWed with'ia<:rcased forcc-gcoeratiaa capacity.Reported cIU
fereoca ill mude function for the u;e.cwc.1i.. 1oa&issima. and 
multifidua masdecSS may also ae:coant for CIte ctiffereoces we ob
IeI'WlCl in the MPdata IS a function of mude lite. . 

Muscle Performance AssocIated with LOP 

The rcsaIta ofCIte two-poap di.scriminaD.t analysis provicIcd. .0.. 
oar bowledce. the first examples in wbic:b the c:IiDical wJicIatioa . 
of apec:ttaJ esdmatcl of muscle fatigue baa been qllllltifiecl. The 
MP parametel'I conccdy separated the LBP popaIaCioa from the 
coattol popa1.atioIl with omy ODe or two false ideIatificadoa& These 
fiadiD&a ImplythatLBP abjccts &Del iacIiYi4.... wkboat bade pain 
c:aa be da.W comlCtly oa the buia of .. objecche IIIICUtn of 
masc:le fuadion that does not clirccdy inYOlvc the ~ 

upcdI of perfonDlllCC. Furtbermore.la compadq the cWfereaccs 
la pen:eat dlalficatioo &etwcca. Tablea2 &Del.s.'it Is appareat 
tb&t CIte array of e1cc:Croclea Amp1iq maldplo IiteI pnmdecllllOlC 
aee:-ate re.atta cbaa any iDdiWlad biIatcrd Ike. 'I'beR Is DO 

defiaitivc apIaaatioa for the poorcateJOdzatioa bJCIte 60ti MVC 
cIata. Ped&aps the maac:ledeficita are IIlOI'C appueat at the cmemes 

. of Cbe coatraetile force range. where aDof Cbe mude fiben are 
aetl.ve. . 

Of the two milcategorized Abjcc:ta. Ihcro WU ODe coasisteat 
false posltive. Follow-up interYiewl&Del P'M"Ylmlaltioa of nbjoct 
records revcaled that ill CIte year foUowiag Cbesc apcrimeIlts. Cbis" 
nbjoct cIevelopod a IlOIIIpOCific UP cIiIordcr that baa coatiDaecl 
for tevenlmoadls. The ODe coaIisteat false aeptivc cue ideJzti
fied bJ Cbe analysis ... a coDcge wnity swimmer who 1Wf~0De 
of Cbe highest MVC Yllues (1765 kg) of aD.ofCbeLBP nbjccts 
tested. IHs "poutole that he may have been misclusificcl because 
of his athletic baCkgroWlcl. ·which lilly have raal\ecl in highly eo
4UI'11lt back musdes despite a chroaic LBPbistory. TbispoISIoffity 
reinforces oar bc1i.ef that separate data basel are· Deeded for cIU
fcreat subcategories·ofLBP·palieall and diffcreat levels of coocli
lioning. 

[0 comparing the lMF values obtained- from patients and COI\.

trois, significant group differences were observed "solely for data 
obtaioed from the longissimus muscle."site at spinal level t.r (fig
ure 7A). At this level. the mean IMF va.tues were found to be 10 to 
[5% higher for controls th~n for patients, and this difference WIS 

consistent at all three 4I>MVC levels:. Considering the· signific:ance 
of the lMF cliscussed previously. this observed difference: may be 
due to the posst1lilitythat 1) the longissimus muscle at level L1 ~ 
a greater proportion of smaller diameter. Type n fibers ill patieats 
than in controls, &lid/or 2) LBP patients have decreased muscle 
fiber $ites, possibly resulting from generalized muScle atrophyas
sociated with disuse. 

Significant differences for MF slope measures were reported 
between the LBP and control poops for spocific electrode lites 
and force CODtractiOO levels. The data from the multifidus (LS). 
and ilioc:ostalis (1.2) maac:le IitcI demoustratcd co~dybigher 
fatigue ratcl at the 8041> MVC level for UP IlIbjeeu compared 
with coatroIsubjeeu. Sigalf'ieaat group diffeceoces of MP slope 
were DOtpresent at the <40., or 60ti MVC bds. No aipifiCUlt 
group diffcreaces were clisc:emed at either of the threecootrae:tion 
levels for the Ioagissimus (Ll) muscle. These fincli.ap support our 
previoully stated coooeca that the back exteaIOr maadea CUlIlOt 

be assessed properly by rdyiDg on ODly ODe or two ~ for HMO 
Iigoal cletoctiocL It appears that the bebaYior of Cbe MPis mac1e.
specific IS well IS load-clepeoclent. These factors may explain 
the po« reliability aad coDflictiag data that have characterized 
previous attempts at studying back mUlde fatigue by surface 
EMG. The higher rate of fatipe observed in the LBP group 
IS compared with the coatroI poap in our stu4y Is coasisteat 
with previous observatioas made bJodaen.11.16,11,1L,44 ApIa. chis 
obsenation may be attribatecl to a pcater proportioa of TJpe 
n masde fiben in LBP Patieata cbaa ClOIltIOl IUbjecta. Otben 
have theorized that excessive hack muscle fatigae Is usociated 
withhighpecoatracdoa IIlOtabolitoIoftIs rcaaltiq from penistcot 
masde spasm and proloagccl muscle tcasloa.' A fartherpoaibiJi1y 
that·is puticalady rdevut to oar ltlIdy Is that SOIllC bact mac1el 
may cootribate a proportioaatcly groater compoacat of force cbaa 
other hack mac1es when a cbroaic LBP eoacIidoa. Is pRsem. 
Tbis likclihoocl precludes icleatifyiq fteCbet CIte ~ 

cWfercace oh.eevcel betwcca UP &Del coacrollabJoctIls cIae to a 
pb)'liologic c:baagela the .IIlaaclo (io, a clift'aeatmecaboIic profilo) 
or whether Cbe masdel are coorcIiaated diffaeatly so 6at the 
ad11a1mude forces that comprilo the act exteasor IIlOmcat of the 
tnulIt are clistribateclllllOClaaDy. We are cIevclopiq a IIlICbomatical 
modeP2AG to estimate ibe ladiWIad force coacribatiou of traDk 
masdel &Del cheftby pia a dcucr 1IIldcntaacIiqof1bo retadoa 
betwooa maclo force cliItribatioa &Del masdo fadpe. 

From Cbe dw:acteriItica 0( the two JrOUllI selected. it appears 
that Cbesc JI'OUPI WCR doseIy matchocl accpt for bocly wci&ht. 
The bi&her weightof the UP ~ may Ief10ct dIO lower Jo.a 
of physical ac:tiYity that Iscommoaly aaociated withdIroa1c LBP. 
IIomecric bact masdo ICRD&di wasDot affoctecl, Iiacc bact pa
Cieata were able to geaeratc MVC force IoftIs similar to that of 
cootro1ll1bjocta. This'realt Is coaIisteat with CIte obserYatioa of 
othea,2I,Sl who also foaad .0 ItI'eagth cleficita aaoc:iatod with 
LBP. There are. ho'W'CVer. coafIic:tiq IqMXtI from a .umb« of 
otherItaclics that ideotify hack extcasor 'tie&besa"l,tSOdatecl .tth 
LBP.loS This cliScrepency may be attributablo to the differea.t dye. 
DalllOmeccrs uCd and whether paiD iahibitecl Cbe response:at the 
time of testing. 

We ~y selocted .-tieata in ~missioa to iacreue the 
possibility that differences' in muscularperfOl'lDlllCC, if present. 
were themutt·of physiologiefaeton;·rather than psychogenic fae
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