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Lumbar Mu$cle Fatigue and
Chronic Lower Back Pain

SERGE H. ROY, MS, CARLO J. DE LUCA, PhD, and DAVID A. CASAVANT, MS

There currently is a clinical need for an objective tech-
nique to assess muscle dysfunction assoclated with
chronic lower back paln. A Back Analysis System for
objectively measuring local fatigue in the back extensor
muscles Is presented. The rellabliity and validity of this
technique was evaluated by testing chronlic low-back
pain patienis and control subjects without back pain.
Concurrent surface electromyograms (EMG) were de-
tected from muitiple back muscles during sustained Iso-
metric contractions at different force levels of trunk
extension. Median frequency parameters of.the EMG
power density spectrum were monttored to quantity lo-
callzed muscle fatigue. Results Indicated: 1) high rellablil-
Ry estimates for repeated trials; 2) significant differences
(P <'0.05) in median frequency parameters between
lower back pain patients and control subjects for spe-
cific combinations of contractlie forcg level and muscle
site tested; 3) Medlan Frequency parameters correctly
dudﬂodlow«baekpalnmdeontrolwblecuudnga
two-group discriminant analysis procedure, The applica-
blllty of this technique as a treatment outcome measure
and diagnostic screening method for lower back pain pa-
tients ls discussed. [Key words: EMG, medlan frequency,
fumbar muaoulature. muscle fatigue, low-back pain]

has been found that individuals with eadurable back mus-
cles and general physical fitness have fewer incidences of back
problems than deconditioned cohorts 82244 Complementary stud-
ies have documented compromised muscle function in paticats
with LBP2ADIIASALS6A2 Although the mechanism associating
muscle insufficieacy to LBP is not clearly understood, it is com-
mwm&epdwmofmcmmhaeaﬂndy
stressed with increasing functional muscle insufficicacy 3292354
The high incideace of back injury among wockers exposed to fa-
tiguing manusl tasks and whole body vibration lead support to
this concept.’® To further understand the relationship of muscle

fenction to LBP, more effective assessment procedures need to be

developed and tested for clinical use. Techniques presently avail-
sble to assess muscle deficiencies are cither nonobjective or they

Recent findings suggest that objective evaluation of back muscle
fatigue by surface electromyography (BEMG) may be of practical
importince for the asscssment and treatment of muscle deficits
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associated with LBP.3%51 These preliminary investigations docu-
meated the feasibility of applying quantitative spectral techniques
to EMG data collected from multiple surface electrodes on the
Tower back, It was demonstrated that the dynamic functioning of
concurready active back muscles during sustained contractions can
be represcated by “fatigue patterns™ created by the spectral EMG
shift occurring in the differeat back muscles. Differences in these
patterns may be the result of functional disturbances in back ex-
teasor muscles associated with LBP.

"The study preseated here is a coatinuation of these preliminary
results, It describes the reliability of the assessment procedure and
the clinical validation of the technique for discriminating muscle
function in chronic LBP piticats and normal coatrol subjects.

Backgmund

The eadiest studies of back muscle fangue investigated the re-
lation between the EMG signals of the lumbar musculature of the -
back during static contractions. Morioks*® observed a decrease in
the EMG signal amplitude and an increase in low frequency po-
teatials while subjects performed static lifting. In a similar study,
Chapman and Troup!® observed a decrease in the total electrical
-activity during the onset of fatigue symptoms. They attributed this

= decrease to a transfer of activity to other muscles in the trunk; how-
UMBAR MUSCLE FUNCTION is coasidered to be an important

componeat of chronic lower back pain (LBP).I333644 J¢ °

ever, in a subsequeat study,S! they found that the integrated EMG
signal increased with fatigue, Okada, Kogi, and Ishii*é studied back
muscle eadurance for a series of incremented loads sustained un-
til the onset of muscular pain. The EMG signal initially increased
with fatigue and then, during the contraction’s lster stages, it de-
creased; suggesting that subjects may have altered their posture to
alleviste muscular pain, They also observéd that the low frequency
componeats of the EMG power spectrum increased consistently
throughout the contraction. Andersson et aP® recorded from many
more clectrode sites and repeated tests for different trunk pos-
tures. Their results showed increases in BMG signal amplitudes at

- all detection sites of the back whea the angle of forward flexion

was increased. They observed significant EMG spectral changes
in those test positions that also produced high EMG signal am-
plitudes. Furthermore, they found that an increased level of EMG
wﬁvixymdmy:aceompanledbyminausednteofdunge
of the EMG power spectrum.

A few quantitative studics of back muscle fatigue have included
LBP patients. DeVries!? compared chronic low-back pain. pa-
who developed pain during the experiment showed increased back
EMG activity, whereas those who experienced no pain had de-
creased EMG activity. Similar results were reported by Jayasinghe
et 8126 Recently, Jorgensea and Nicolaisen?$ reported that gub- .
Jects with prior serious attacks of LBP had less endurance capacity,
butdmﬂarsuength.inthemkextenmwbeneompnedwhh

pain-free control subjects. Endurance was determined by monitor-

- ing the time to exhaustion during the performance oftustuned. -

isometric back cxtcnsxom



Although these studies have made some contributions to our
understanding of back muscle function, they sharc two major flaws.
First, previously reported work on back muscle fatiguc has relied

ou analysis of EMG sigoals detected from only one or two muscle -

sitcs. The back extecnsor muscles, as described by physiologic
and kinesiologic reports, cannot be accuratcly assessed as one
continuous muscle mass. Rather, they arc better described as a
mosaic of distinct functional units corresponding to the differeat
back muscle groups! Thus, the meager data from oaly one or
two mascle sites can oaly provide & reduced and oversimplified
view of the muscular performance and would preclude meaningful
quantification of muscle imbalances or deficits that may oocur
with LBP. Secondly, the mejority of previous studics have relied
on the amplitude of the EMG signal as an indicator of muscle
fatigue, despite the fact that it is scasitive to many factors other
than muscle activity.!14¥ Furthermore, EMG amplitude meaurcs
arc subject to random variations among separate tests even whea
all experimeantal conditions arc maintsined constant.58

A preferred method, which has gained wider acceptance dur-
ing receat years, is to monitor the modifications ¢o the frequeacy
domain propertics of the EMG signal that arc associated with fa-
tigue. This technique monitors the compression of the power dean-

sity spectrum toward lower frequeacies as a sustained isometric

contraction progresses.34ALASSTS? This well-documeated pheaom-
enon has been theoretically and empirically corrclated with
biochemical and physiologic processes associated with muscle
fatigue.!4 Analysis of this time-dependent modification to the EMG

. signal has Jed to the characterization of muscle fatigue as a con-

Ginuobs process rather than a single-point event related to failure
of foroe production. From a practical perspective, EMG spectral
measurcments are more independent of subject motivation and re-
quire lcss demanding contractions, since the subject is not required
toMnlconmcuonunﬁlheannolongermﬂnmnaurgded
force level

PR PSR, RO P I R

Despi(c_n renewed interest in EMG spectral measuremeats
and receat” technical advagces 'in quantifying spoctral fatigue
pmmeta:,"-“ surprisingly little atteation has been focused on
delnonmtmg the tpphcnbihty of power spectral measurement
techniques to specific muscle disordecs. In response to this need, we
developed & Back Analysis System (BAS) to implemeant this tech-
nique for evaluating lymbar muscle function in individuals with
LBP4952

SYSTEM DESCRIPTION

Figure 1 is 2 schematic of the oomputcr-udod BAS system used
in this study. Its individual oomponeau arc described below in
more. detail.

Postural Restralnt/Force Acquisition Device

The experimeants repocted in this paper used the restraint device
preseated in Figure 2. The restraint device stabilizes the pelvis and
fower limbs during standing and was designed to ensure that the
sustained, isometric muscle activity observed was actually associ-
sted with the flexion torque being monitored. The design of the
restraint device is crucial It should isolate the force coatribution
of the back muscles during exteasion. Fallure t0 do 80 csa com-

. promise the validity of the tests. The device was coastructed from

commercially available hexagonal tubing aod couplings that al-
fow the apparatus to be tailored to & large variety of subjects and
body positions. Specially contoured, adjustable front and rear re-
straining pads hold the subject securely in & postedior pelvic tilt,
The torque generated during an isometric contraction is measured
with a nylon barness positioned across the shoulder region of the
back and attached to two Joad cells having a compliance of 2.7
um/kg. Differcaces in the force computed from the two trans-
ducers can provide & measure of the degroe to which & “pull” is
symmetric or includcs a torsional component. A maximal volun-
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Fig 2. The postural restraint device and force acquisiion system
used in this study.

tary contraction (MVC) acquisition system also was incorporated
in the device via a circuit that calculates the MVC by averaging

foroe valucs over an adjustable window. The MVC force value is
" stored and can be used to set a visnal display to the desired per-
ceatage of the MVC. The feedback display is necessary to help
the subject maintain & constant level of contractile force. -

fibers. Blectrodes have 2 gain of 10 and a —3 dB bandwidth of 20
t0 550 Hz, with a rolloff of 12 dB/octave. The six channels of EMG
signals were further amplified to achieve an output amplitude of 1
to 2 V pesk-to-peak. This data was recorded on 1/2-inch magnetic
tape (Honeywell 5600B FM tape recorder, Honcywell, Deaver,
CO) at & tapo speed of 1.5 inches/sec to provide a bandwidth of
1.25 kHz. The force transducer outputs were also recorded on FM
tape. : ' —-
Muscle Fatigue Monttor

This device calculates the median frequency (MF) and the
- root-mean-square (RMS) of the EMG signal in real-time us-
ing analog circuitry similar to that described in a previous
publication.2! Medisan frequency is defined as the frequency that
separates the power density spectrum into halves.of equal power.

This parameter bas beca shown by Stulen a0d De Luca? (o pro-
vide a reliable, consistent, and unbissed measure of the frequency
shifc of the EMG signal associated with muscle fatigue during sus-
tained, constant-force contractions. The clectronic circuitry used
to measure muscle fatigue was designed to be integrated with an
on-board pocket computer (Sharp PC 1500/CE150; Sharp Elec-
tronics, Paramus, NJ) for device control and hard-copy of both
graphs and texts. A more recent version of this device has been in-
tegrated with an [BM-PC compatible computer, thereby offering
greater performance capability. 22 The bandwidth of the input stage
is 20 t0 550 Hz at a —3 dB with a filter slope of —12 dB/octave.
To further ensure error-free EMG detection, & component of the

circuit continuously monitors the signal output from the électrodes.

Signal levels above and below a preset amplitude range (220 4V
to 14 mV), or signals containing power line-induced interference,
trigger an audible alarm to inform the operator of an error coadi-
tioa. .

Data Analysls )

Following cach experimeat, the EMG sigoals were individually
processed by anslog circuitry using the muscle fatigue monitor
(MFM) to compute the MF value of the signal. This parameter and
the force data were further amplified and simuitancousty digitized
st 100 Hz using & PDP-11/23 microcompater. A sampling rate
of 100 Hz was aclected to satisfy the Nyquist criterioq, since the
fluctuations of the MF and force were below 40 Hz due to the
characteristics of the MFM.

The digitized MF records for each of the six ciectrode locations
were simultancously plotted as s function of time (Figure 3). The
software algorithm used & moving average filter with & 2-second
window (200 samples) to reduce high-froquency fluctuations ia the
data. These high-frequency fluctuations are due to the stochastic

nature of the EMG signal and arc not of fnterest whea observing

the time-depeadent changes of the MF associated with fatigue.
The plot Is divided into two sections, correspoading to the left and
right sides of the back. The vertical axis represeats the MF and
the horizoatal axis represents time. Quantitative measurements of
the time rate of change of the MF of the individual curves is also
provided. Lincar regression using the method of least squares was
used to compute the rate of decrease of the MF. A lincar fit to the
unfilterod data was chosea sinco it most consistendy represented
the time-dependeat change of the MF as monitored from the back
exteagor muscles. The following parameters were investigated: 1)
The initial median froquency (IMF) of the curve. This valuc was

METHODS =~ = . T

A series of preliminary messurements and
lowed befoce the reliability studies and back pain studies described
below. To determine the electrode placement, the locstions of the
motor points were first ideatifiod using low-level pulsed eloctrical
.stimulation, Six active surface -clectrodes were -positioned bi-
.laterally on the longissimus thoracis muscle at the L1 spinal level,
on the liocostalis lumborum muscle at the L2 spinal level, and on-
the multifidis muscle at the LS spinal level (Figure 4). Care was
taken not to place the electrodes on the identificd motor points to
avoid unwanted signal effects related to the innérvation zone of
the muscle.3! Subjects then were positioned in the back testing ap-

paratus and, following several practice trials, & maximal volustary ’
'oonmaionwnsdcwrmined. : ) - : S
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Reliability Assessment. Four tubjecu participated in the exper-
iment to determine the repeatability of the back assessmeat pro-
codure. All were male subjects with no reported previous bistory
of back pain. The subjects’ ages ranged from 20 to 38 years (24.1
4 5.3). The experimental protocol consisted of two repeated 80%
MVC contractions sustained for 30 seconds, with a 15-minute rest
period between contractions. The subject was aot removed from
the apparatus between trials and the clectrodes were kept in the
same location for cach trial. .

A single-factor analysis of variance (ANOVA) procedure was
used to compute the reliability estimate.! This procedure calculates

Flg4. Atyplealbcaﬂondebzmewthceelewodesmdm
oonespond!ngtomeappm:dmateblaterallocamofbnglssknm
(L1), fiocostalis (L2), and multlﬁdus (L5) muscies.

" investigate the ability of the MF

) Traesaen, - Curves are amanged In groups of
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the ratio ofthc variance of the truc measuremeat divided by the
sum of the variance of the true meagurement and the variance
of the experimeatsl “error™ associsted with each measuremcat.
Thus, for example, a reliability estimate of 0.8 indicates that oo
the average, 20% of the variability in the measurements can be
attributed to experimental error. Dauﬁomulldxdectmdem
were included in the analysis.

* Back Paln Study. Twelve paticats (32.5 £ 13.6 years) with a
history of chronic back pain were cvaluated and compared with
12 heslthy subjects (27.4 + 6.8 years). All participants were male
and right-handed. Grouping was determined by the preseace or
absence of a documeated history of chronic back pain. Chronicity
was defined as persistent or frequeatly recurring pain over a pesiod
of at least 1 year. The average duration of & LBP history was 5.2
years for the patieat group (range, 1.5-13 ycars). Paticets with
acute exacerbation of back pain were excluded. Those
with previous back surgery or radiographic evidence of structural
disorders of the spinc also were excluded.

Ponovlngthcdetummmnofmeubjoa%mc‘nda
S-minute rest, the subject performed throe constant-force coatrac-
tions at 40% MVC, 60% MVC, and 80% MVC for a duration not
to exceed 1 minute. A 15-minute rest period between contractions
allowed for full recovery of the MF parameters™

A three-factor ANOVA was performed (BMDP, 1987: Health
Sciences Computing Faclility, UCLA, California) to investigate

.whether MR parameters differed between LBP and coatrol sub-

Jocts, and to discern the inferactive effects of load and muscle
site on the MF parameters. One grouping factor was used 0 clas-
ﬁfyh&muﬂmﬂaﬂmmm&
the results obtained from the left and right sides of
the back, The trial factors the three contraction lev-
¢ls performed during the experimeats Ge, 40% MVC, 60% MVC,
MSO%MVC).Thkudydsmmpaudf«achoﬁhcm
muscle groups investigated. .
Atwo-gmup.nepwheduaimimm:ndydzweondwedto
_ to discriminate LBP
from control groups.! This anslysis included the IMF aad slope pa-
ramcters from the six eloctrode sites and was performed scparately

for cach of the tliree force contraction levels. All parameters were

first prescreened for mnlﬁeoﬂimﬁtybyeompnungaeomhnon
matrix and eliminating thosc variablcs that were highly correlated

(a correlation cocfficient greater thea 0.80). For more subtle pat--
" terns of correlation, no variable was entered iato the classification

function ualess it could pass a tolerance limit of 0.01.

We also tested the hypothesis that multichannel electrode cou-
figurations are better able to characterize the complex performance
of the back muscles and are better predictors 'of LBP than proce-

—-a
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dures relying on fewer clectrode configurations. This test was im-
plemented by conducting the discriminant analysis separately for
cach of the bilateral recordings at L, L2, and LS. All three con-
“traction force levels were analyzed in this way for a total of aine
"separute classification functions. The percent correct classification
resulting from each of these functions then were compared with
similar calculations that combined data from all six electrode sites.

RESULTS

The reliability estimates‘calculated from the ANOVA analysis
were 0.98 and 0.94 for the IMF and MF slope, respectively. This
indicates that the error associated with the measurement of IMF is
2%, and with the mecasuremeant of MF slope, 6%. The restlts of the
reliability trials are represented in Figures 5 and 6 for estimates of
IMF snd MF slope, respectively. Each figure preseats & scatter
plot of the data for repeated trials (Trial 1, Trial 2) exccuted
15 minutes apart. The uaity-slope, zero-interoept line represcating
-perfect reliability falls within the 95% coafideace limits of the data.
For the LBP and control subjects, multiplc uapaired Studeat ¢
tests were performed to determine if group differences existed with
. respect to-age, weight, height, or maximum voluntary contraction
fevel The results are summarized in Table 1. Of the aathropomet-
ric group parameters studied, significant group differeaces were
prescat solely with regard to body weight (P 2> 0.05). The LBP
group had s mean body weight that was 13.7 kg (30 pounds)
higher than the control group. No isometric strength differences

-were observed as measured by the MVC values.
The suminary statistics for IMF and MF slope measures from

the LBP study are plotted in Figures 7 and 8, respectively. Each |

figure containg data for the longissimus (L1), iliocostalis (L.2), and
muitifidus (LS) muscle detection sites. In cach plot, the data from
the left and right sides of the back are further subdivided, as are
the force levels of the contraction. This graphical representation
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Fig &. A scatter plot of initial median frequency (IMF) data for
repeated trials (Trial 1, Trial 2) tested 15 minutes apart. Data is
for all six electrode ‘sites in four subjects. A “least-squares” fnear
regression and 95% confidence band are indicated. -
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Flg 6. A scatter piot of median frequency slope data for repeated
trials (Tdal 1, Tdal 2) tested 15 minutes apart. Data s for all six
elactrode sites In four subjects. A “least-squares” inear regression
and 95% confidence band are indicated.

ideatifics a number of unporu.nt xesulu, wlnch are summarized
below:

l)TthdeaeuesformaunnglcvekofeoMefome.
This relationship was present for all muscle groups tested and in
both LBP subjects and control subjects. -

Z)Leﬁ-dghtdiﬁammmhbodanmm
subjects for cach of the parameters studied. ©

S)F«mﬂmwmfawbvd.mcamnﬂm
mdmmmumummmnummu
or L2 detection sites for both LBP sad control subjects. . ..~ -

4) The IMF is significantly lower for LBP subjects compared
with control subjects across all force levels of left and right loagis--
simus, L1 electrode location. .

5) Low-back pain subjects exhibit significantly higher MF slope
vdnahneon&olubjec&dSO%MVCformeumLS
recording sites. - i

mresduof&edindmimntndymthTlﬂﬂ
2 and 3. A maximum of six poncorrelated variables were entered
into these discriminant snalyses. For the data in which afl muscle
sites .were included in the analysis, the best classification rosuits
mmwmmmum‘uvcmmuvc.

TableI. chamcmﬂsﬂcsof&bjmuean\llluu

(Standard Deviation)
T Contro{ sw]octs LBP subjects
Characteristic (n=12) (h=12)
Age (yrs) 213(12) . 24(143)
- Height (cm) 1698 (17.0) - 1779(101)
Weight (kg) 71.1 (59) - 84B(143)
MVC level (kg) 1058 (249) 1121 (345)

- LBP = fow-back pain; MVC = maximal voluntary contraction..
*P <005, by Student unpaired twofalted ttest, ... -~ .~ : |



INITIAL MEDIAN FREQUENCY (Hz)

— @ A0
O—O CONTROLS

sssassd

7
i

s28a82d

Fa— - $ & " & P
— — — —" —

(o)

MAXIMAL VOLUNTARY CONTRACTION (%) -

Fg 7. Measn inltial median frequency (IMF) for left and right muscle
groups for three %MVC forces tested In patients (@) and control
(O)mmm“pteserﬂedmme(a)ma.ﬂ.(b)
noomaz). and (c) muitifidus (LS) muscles. *P
significance of difference between means. ]

The snalysis correctly predicted 92% of the LBP group and 82%
«uwqummmcmmmmw
ono falsé positive and two false negative identifications. Similarly,
for the 80% MVC trials, the analysis correctly ideatified 84% of
the LBP group and 91% of the contrdl group. This corresponds
t0 two false positive and one false ncgative classifications. The
percent correct classification by the discriminant analysis there-
fore was acarly the same for identifying LBP subjects as it was for
ideatifying control subjects. Pecformaace suffered somewhat for
the 60% MVC trials, pasticularly when identifying coatrol sub-
jocts. The variables entered into the discriminant function were

primarily the IMF at L1 and the MF slope measurements at L2

and/oc LS. The results show a highier perceatage of correct cladsi-
fication for analysis in which all electrode sites arc included in the
discriminant anslyzsis (Table 2) than for the analysis in which mus-
cle groups were treated separately (Table 3). The data analyzed
for separate muscle groups demonstrated oaly one combination of
lombar level and contractile level (LS 2t 80% MVC) in which LBP
and coatrol groups were ideatified correctly for at least 75% of the
cases. (R)Slope and (L)IMF, in that order, mduduaumm::g
variables for this two-group analysis.
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significance of difference between means.
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Tabioz. Results from Discriminant Analyses—

© All Lumbar Levels
Percont comect
tiassification
- NLBP * Lep Varlables used
Contractiie level (n=12) (h=12) In classification
{percent MVC) (%) (%) (noder) -
40 g2 - 82 (RIMEL1
(R)SLOPEL2
(LSLOPEL2
(USLOPELT
(LMFL2
(LIMFLY
60 67 75 (RIMFLL ;
80 84 81 ~ (LWMFLL
) (R)SLOPELS
(LSLOPELS
(LSLOPEL2
m@=mmhﬂddqw9=mmmmmgp= .
without low-back palr; .IMF = inltial median frequency; SLOPE =
median uency stope.
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’ Tab!e 3. Results from Discriminant Analyses—
{ndividual Lumbar Levels

Percent comrect

Contraclile classification
level -_—
Lumbar  (Percent NLBP LBP Variables used

fevel MVC) n=12) (n=12) in classification
& 80 70 73 (LIMF

60 70 75 (R)IMF, (LYSLOPE

40 70 75 (R)IMF, (L)SLOPE
L2 80 83 70 (LJSLOPE, (RYSLOPE

40 75 70 (RISLOPE, (L)SLOPE
Ls 80 75 75  (R)SLOPE, (L)MF
o 60 - 75 50 (R)SLOPE
(R).(L)=dohtsnde.leﬂsde LBP = with low-back pain, NLBP =

without low-back pain; IMF = initial median frequency, SLOPE =
median frequency slope.

DISCUSSION

Any scw technique that is introduced as & means of evaluation
must have itz relisbility demonstrated.- This is particularly true for
surface EMG techniques because there'is 2 need to overcome the
bias that has evolved from 2 history of unfulfilled expectations.
‘Two issucs that effect reliability must be addressed: the specificity
ofthcnudegenenmgdwdeteetedagulmdtheloauonof
the surface eloctrode on the muscle.

mmanmwﬁaqmmmmcm
is relevant 1o this and other studics that attempt to extrapolate re-

sults to characterize specific muscle groups. The question oftea -

ruised is whether the detected EMG signal includes myoclectric

activity from neighboriag, or even distant muscles. Such a signal, -
which msy be erroncously interpreted as geacrated by fibers near -

the electrode, is usually referred to as “cross-talk”. We minimized
cross-talk by carefully selecting the most superficial back extensor
muscles with relstively large muscle cross sections. A number of
dissocted callavers were studied to help select electrode locations
where the major erector spinae muscle groups were not overlapped
by meighboring muscles. The sclective use of electrical stimulation
and palpation in subjects prior to electrode placement helped to
fsolate these muscle groups. In addition, the eloctrode’s bipolar de-
sign, small (L0 cm) inteceloctrode separation, and incocporation of
paralle] detoction bars oricated perpendicular to the muscle fibers
all favoced high muscle selectivity.? - Despite these precautions, it
still can be argued that some cross-talk may stll bave been peeseat.

Roceat studies conducted in our laboratory and elscwhere!t9 have

. stied some fight oa this issue. These reports bave concluded that
wp to 16.6% of a signal (peak-to-peak amplitude) detected shove
a neighboring muscle may be duc to cross-talk rather than 0 ac-
tivation of the muscle below the detecting electrode. These studies
were conducted on leg muscles only; however, similar.javestiga-
tions are sow being conducted on Jower back muscles.
of the electrode on the muscle. This is generally mot & problem
whea the amplitude of the EMG signal is used a5 & measure of
muscle activity. It does become important when EMG frequency
parameters are used. Our past workS! has shown that the spectram
of the EMG signal is scasitive to the placemeat of the electrode
in the vicinity -of the motoc point. Qur empirical findings are

coasistent with the predictions of theocctical considerations. Thus, -

we chose to place the detection eloctrode away from the motor

point and highly recommecud this proocdure for all surface EMG
detection.

The alternative -to our method of electrode plaocmcn( is to
locate the electrodes at fixed distances from vertcbral or other
bony landmarks. We did not sclect this methodology, nor do we
advise it, since this procedurce offers little possibility of a functional

" interpretation of the EMG and will in all likelihood contribute

greater variability to the data. When fixed bony landmarks are
used, the individual differcaces in body size and anatomy will
determine which muscle groups are near the detection electrodes
as well as the position of the electrode relative to the motor point.
Few published EMG ‘studies of back function have examined
the reproducibility of the measurements39 In this study, estimates
of measurement crror for IMF and MF slope were 2% and 6%,
respectively; well within the limits of acceptability for clinical
applications. In this experiment, the electrodes were not physically
removed between trisls, hence the measuremeat ermors could be
caused mainly by two factors: a slight movement of the electrode
on the skin surface and a variation in the force output of the back
muscles in the two contractions. Previous studics have provided
a theoretical basist?3 for, and an empirical vecification’! of, the
seasitivity of EMG signal parameters to minor displacements of
the electrode. This concern is particularly relevant whea spoctral
parameters of the EMG signal are calculated because, although the
average amplitude of the EMG signal may remain insignificandy
affected, the frequeacy spectrum can be altered due to variations
in the spatial filtering properties of the tissuc between the active
fibers and the detection electrode. The second possible cause of
the error, the variation of force output, will effect the MF valoes
by altering the contribution of motor units to the EMG signal and
thus modifying the frequency spectrum of the EMG signal,
The precautions takea in locating the clectrode on the muscle,
especially distancing the electrode from the motor points, ren-
ders the IMF in this instance primarily related to the average

. cross-sectional area of the muscle fibers being detected.$ This rel- -

atively stable determinant of IMF can be contrasted with the more
unpredictable processes of metabolite production, re-utilization
and vascular flow, which are the primary determinants of the MF
slope.34 These different physiologic correlates may explain the dif-
ferences In reliability between IMF and ME slope parameters. Fur-
ther studics are planzed t0 measure the reliability of this tochnique
wuhmthclBPpopuh.non.

Normal Baek Musele Performance

One consistent finding observed in this study was the docreasing
trend in IMF with increasing force level of the contraction. This
finding is not scea in limb muscles, where the opposite behavioc has
been universally reported.1453 The decreasing tread {n IMF with
increasing force lovel seca in Figures TA to C suggests that smaller
sized muscle fibers are recruited at high contraction force levels.
This obscrvation is consisteat with receat reports from autopsy and
biopsy studies that the later recruited, Type I muscle fibers have
smaller mean dizmeters than Type I fibers in human trunk extensoc
muscles $3560 This is an obvious, and rather profound, departure
from the norm for almost all other human skeletal muscles24

A tread toward increasing fatigue rates with increasing force
of contraction slso was characteristic of the lower back muscles
tested. This observation also is commonly found in imb muscle

studies, 1153 and is most likely due to the increased rats of metabo- -

lite accumulation sssociated with an increasing contractile force
Ievel. This can occur whicn a predominance of Type I motor units
are active and the pressure .within the muscle reduces the blood
flow to the musclc.!4




- Median frequeacy parameters displayed inconsisteat keft-to-
right differences that did not appear to be related to the prescace or
absence of LBP. It is catirely reasonable to expect that feft-to-right
differcaces may be more representative of paticats who have 2 uni-
fatecal mechanical deficit, 27 but nonc of our paticats suffered from
skeletal deficits in the back. Furthermore, we did not overtly
coatrol the amount of truak rotation that may have beea introduced
iato the trunk exteasion task. Inconmsistent trunk rotation could
result ia an assymmetrical “pull” that would produce incoansisteat
coatralateral results. Our findings are in sgroement with those
obtained by Jayasinghe et al and Collins et 21,1226 who observed
inconsistent lefi-to-right differences in both paticats and healthy
individuals, especially during exertive tasks. In contrast, Hoyt et
al®5 obscrved larger absolute left-to-right differences in- activity
levels in back paticnts as compared with control .subjects. Cram
and Steger!? observed left-right imbalances in patients, but they
did not test healthy subjects.

The differences in the MF parameters for the three lumbar lev-
¢els sclected may be directly related to differences in mechani-
cal advantage and other biomechanical factors that determine the
amount of force & muscle needs to generate. Previous biomechani-
cal modeling studies of the lumbar musculature during standing or
slight forward flexion have predicted greater forces for the lower
lumbar musculature than the upper lumbar musculature$® This
difference in force distribution may explain the higher MF slopes
observed at LS than at either L1 or L2 electrode sites. Similady, the
higher mean IMF values at LS compared with upper lumbar mus-
cles may result from larger muscle fiber cross-sectional areas often
associated with increased force-geaerating capacity. Repocted dif-
ferences in muscle fuaction for the fliocostalis, longissimus, and
maultifidus muscles®s may also accouat for the differences we ob-
scrved in the MF data as a function of muscle site.

Muscle Performance Assoclated with LBP -

The results of the two-group discriminant analysis provided, to~
our knowledge, the first examples in which the clinical validation

of spectral estimates of muscle fatigue has been quaatified. The
MF parameters correctly separated the LBP population from the
coatrol popalation with only one or two false ideatifications. These
findings imply that LBP subjects and individuals without back pain

can be classified correctly on the basis of an objective measure of -

muscle fuaction that does not directly involve the psychological
aspocts of performance. Furthermore, in comparing the differences
in perceat classification between Tables 2 and 3, it is apparent
that the array of electrodes sampling multiple sites provided more
sccurate results than any individual bilateral site. There is no
definitive explanation for the poor categorization by the 60% MVC
data. Perhiaps the muscle deficits are more apparent at the extremes
'oftheconmetilefomennge.whe:etnoﬂhemudeﬁbmm
active,
Ofthetwommtcgonudmbjmthaewmmt
false positive. Follow-up interviews and reexamination of subject

records revealed that in the year following these experiments, this

subject developed & nonspecific LBP disorder that has eontinued
for several months.‘lheoneoonsutenthlsenegmvease
ﬁedbyd:eunlymwunoollegeum:wimm«wbohdone
of the highest MVC values (176.5 kg) of all of the LBP subjects
tested. It-is possible that he may have been misclassified because
of his athletic background, which may have resulted in highly ea-
durant back muscles despite & chronic LBP history. This possibility
reinforces our belicf that scparate data bases are.needed for dif-
fereat subcategories of LBP- pauenu aad diffcrent levels of condi-
tioning.

In comparing the IMF values obtaincd- from patients zad con-
trols, significaat group differences were observed solely for data
obtained from the loagissimus muscle ‘site at spinal level LI (Fig-
ure TA). At this level, the menn IMF values were found to be 10 to
15% higher for controls than for paticats, and this difference was
coasisteat 2t all three TMVC levels. Considering the significance
of the IMF discussed previously, this observed difference may be
due to the possibility that 1) the longissimus muscic at level L1 has
s greater proportion of smaller diameter, Type II fibers in paticats
than in controls, and/or 2) LBP patients have decreased muscle
fiber sizes, possibly resulting from geacralized muscle atrophy as-
sociated with disuse. i .

Significant differences for MF slope measures were repocted
between the LBP and control groups for specific electrode sites
and force contraction levels. The data from the multifidas (LS),
and iliocostalis (L2) muscle sites demonstrated coansisteatly higher

. fatigue rates at the 80% MVC level for LBP subjects compared

with control subjects. Significant group differcaces of MF slope
were not present at the 40% or 60% MVC levels. No sigaificant
group differences were discerned at either of the three coatraction

" fevels for the longissimus (L1) muscle. These findings support our

peeviously stated concern that the back exteasor muscles cannot
be asscssed properly by relying on only oae or two sites for EMG
sigaal detection. It appears that the behavior of the MF is muscle-
specific as well as load-dependeat. These factors may explain
the poor reliability and conflicting data that have characterized
previous attempts at studying back muscle fatigue by surface
EMG. The higher ratc of fatigue observed in the LBP group
as compared with the control group in our study It consistent
with previous obscrvations made by others. 1726283144 Aggin, this
observation may be attributed to & greater proportion of Type
Il muscle fibers in LBP paticats than control subjocts. Others
have theorized that excessive back muscle fatigue is associated
with high precoatraction metabolite levels resulting from persisteat
muscle spasm and prolonged muscle teasion A further possibility
that-is particularly relevant 1o our study is that some back muscles
may coatribute & proportionately greater component of force than
other back muscles when s chronic LBP condition is present.
This fikelihood precludes ideatifying whether the fatigue-related
difference observed between LBP and control subjects is duc to a
physiologic change in the muscle Ge, & differeat metabolic profile)
or whether the muscles are coordinated differeatly so that the
actual muscle forces that comprise the net extensor momeat of the
trunk are distributed uncquafly. We are developing & mathematical
modelS24248 tg estimate the individual force contributions of trunk
muscles and thereby gain a clearer understanding of the relation
between muscle force distribution and muscle fatigue, -

From the characteristics of the two groups selected, it appears
that these groups were closcly matched except for body weight.
The higher weight of the LBP subjocts may reflect the lower Jovel
of physical activity that is commoaly associated with cironic LBP.
Isometric back muscle strength was not affected, since back pa-
ticats were able to generate MVC force levels similar to that of
control subjects. This result s consistent with the observation of
others2857 who also found mo strength deficits associated with
LBP. There sre, however, conflicting reports from a aumber of
other studies that identify back exteasor weakness associated with
LBP,I8 This discrepency may be attributable to the differcat dy--
umometmusedmdwhaherpuninhibltedthempomatdne
time of testing.

We deliberately selected pauenu in remission to increase the
possibility that differences ‘in muscular performance; if present,
were the result of physiologic. factors rather than psychogesic fac-
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tors. We therefore would expect that an individual with scute LBP

at the time of testing would have very different MF parameters
than the LBP subjects tested in this study. Similacy, athletes or
individuals who have exercised regulady despite having a LBP
disorder also should be categorized separately. One possible alter-
native to requiring scparate subcategories of LBP paticats is to look
toward morc cffective ways of normalizing the EMG tests rather
thaa relying only on the subject’s MVC value. The MVC value may
change considerably as a result of pain or lack of motivation and
may not always be a true represcatation of .the force-generating
capacity of an individual's muscle. One possibility is to express
the MVC as a percentage of body weight. 3 This would normalize
mauscle performance with respect to an anthropometric measure
that is assumed to be related to muscle streagth. In this instance,
1 normative datz base of MF parameters plotted as a function
of the contraction force Ievel (expressed as a perceatage of body
weight) would need to be determined. Unfortunately, body weight
has been shown €0 be a poor predictor of muscle streagth 44 Other
anthropometric, or even biomechanical, dats may provide a better
approximation of the force-geacrating capacity of the muscle. Fu-
ture work is nceded to investigate these possibilities for improving
wormalization procedures for clinical applications o & variety of

- CONCLUSION

A new back assessment procedure is preseated that uses an
array of surface-detected EMG signals to objectively characterize
the muscle fatigue insufficiencies associated with nonstructursl,
chrogic LBP., The technique was shown to be highly relisble by
repeated trials conducted on & group of healthy subjects (n =
4). Tests favolving chronic LBP (n = 12) and heslthy control
subjects (n = 12) demonstrated that specific median frequency
parametecs of the EMG correctly classified individuals iato the

LBP and coatrol categories by a discriminant analysis procedure,
The initial value of the median frequency and the slope of the .

median frequeacy were siguificaatly differeat between LBP and
control subjects (P < 0.05) for specific target force contraction
levels and muscie groups tested.
Mmulnvdm&emofmﬁeeﬂu(imdpmm
etazuuobjeedvemeumofbackmusdefuneuonhchmnic

LBP patients.
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