-
Ployristherapy Theory and Praciics (1997) 13, 179-195
© 1997 Psychology Prens

EMG activity in neck and b?ck muscles during
selected static postures in adult males and females

V. Reggie Edgerton, Steven L. Wolf, Daniel J. Levendowski,
Robert I. Jennrich and Roland R. Roy

musculature can be compared.

Surface electromyographic (EMG) amplitudes were gathered from 100 men and
100 women while maintaining the end range of nine motor tasks. Ratios of EMG
amplitudes were used to characterise the activation patterns of 14 muscle groups of
the back and trunk during 10 motor tasks. Procedures to identify electrode
‘placement sites were developed to ensure reliability of all EMG recordings.
Subcutaneous fat was estimated at each muscle site and a correction factor was
used to account for signal attenuation due to the impedance attributable to adipose
tissue thickness. Logarithmic transformations were performed to obtain a Gaussian
distribution of the EMG amplitudes and muscle ratios. The transformed EMG
amplitudes and transformed ratios were highly reliable between sessions across nine
active motor tasks (Pearson’s r and intra-class correlations ranged from 0.74 to
0.96). Significant gender differences were observed in the transformed EMG
amplitudes and ratios of amplitudes in selected muscles and muscle pairs. It appears
that the transformed EMG ratios represent a reliable means of assessing muscle
recruitment patterns in a series of well-defined motor tasks in a large population of
presumably normal adult male and female subjects. The acquisition of this large
database under well-controlled conditions using defined criteria for each motor task
provides a template to which individuals with injurics involving the neck and trunk
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INTRODUCTION

Absolute. differences in EMG amplitudes (Ahern
ct al, 1988; Arena, Sherman, Bruno and Young,
1990; Cohen, Naliboff, Schandler and McArthur,
1986; Collins, Cohen, Haliboff and Schandler,
1982; Kravitz, Moore and Glaros, 1981), or
differences in patterns of EMG activity from
bilateral torso sites (Ahern et al, 1988; Cohen et
al, 1986; Collins et al, 1982), to discriminate
muscle activity between subjects with no back
pain and low back pain (LBP) patients during
standing or sitting generally have been difficult
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to identify consistently. Arena, Sherman, Bruno

and Young (1989), however, reported that during .

standing, five types of LBP groups exhibited
significantly higher paraspinal EMG levels than
normal subjects. Gram and Engstrom {1986) and
Jayasinghe, Harding, Anderson and Sweetman
(1978) also reported significantly higher mean
paraspinal EMG amplitudes for LBP patients
compared with normal subjects during sitting
and standing. One study reported significant lefe—
right differences in paraspinal EMG activity of
LBP patients compared with normal controls
during sitting and standing (Cram: and Steger,
1983), while in another no significant differences
were found during sitting (Hoyt <t al, 1581).

EMG recordings obtained during well-defined
kincmatic activities have been discriminatory in
identifying abnormalities in muscles of the trunk
(Ahern et al, 1986, 1988; Basmajian, 1978;
Collins et al, 1982; Nouwen, Van Akkervecken
and Versloot, 1987; Price, Clare and Ewerhardt,
1948; Sihvonen, Partanen, Hanninen and
Soimakallio, 1991; Wolf and Basmajian, 1978).
These studies in general indicate that unique
and predictable differences in the recruitment of
selected muscles can be detected within and
across subjects when the tests are carefully con-
trolled and when a large number of subjects are
studied (Edgerton, Wolf, Levendowski and Roy,
1996a,b).

Differences in the methods used, such as elec-
trode location (i.e. muscles studied), electrode
spacing, equipment, filtering characteristics and
the kind of motor tasks performed, make it diffi-
cult to compare results across these studies in
attempts to identify abnormalities in EMG as-
sociated with LBP (Dolce and Raczynski, 1985;
Nouwen and Bush, 1984; Wolf, Segal, Wolf and
Nyberg, 1991). In addition, significant subject-
to-subject variation exists in the EMG recordings
because of varying levels of adipose tissue which
can significantly dampen the clectrical signal,
particularly from deep muscles (Ortengren and
Andersson, 1977; Sihvonen, Partanen and
Hanninen, 1988; Sihvonen et al, 1991), because
the adipose tissue acts as a low-pass filter (Bas-
majian and DeLuca, 1985) and affects the EMG
spectral characteristics (DeLuca, 1993) as well as
the EMG amplitude. Inter-subject comparisons

also have limited our understanding of trunk
muscle function, perhaps because of differences
across subjects, muscle morphology and function.
Gender appears:to have been another factor
which has contributed to large inter-subject vari-
ability (Nouwen et al, 1987; Wolf, Basmajian,
Russ and Kutner, 1979). Thus it appears that the
sensitivity of EMG measures to identify unique
EMG characteristics in LBP patients in large
population studies can be improved by con-
trolling several factors that are known to affect
EMG signals {Ahemn ct al, 1988; Arena et al,
1989, 1990, 1991; Cram and Engstrom, 1986).

The purpose of the present study was to deter-
mine the EMG amplitudes and recruitment pat-
terns of control subjects in a large population of
men and women while performing a series of
precisely identified motor tasks. These data from
control subjects can be used as a template to
compare patients with musculoskeletal injuries
involving the neck or trunk musculature {Kibler,
1990; Roy, Baldwin and Edgerton, 1991).

METHODS

Subjects

One hundred females (mean age 2919 years;
range 18-56) and 100 males (mean age 29+ 10
years; range 18-61) were studied. The criteria
used to ensure that these subjects were ‘normal’
were as follows: asymptomatic for back pain, leg
length discrepancies and scoliosis. Furthermore,
these subjects (based on self-report) had never
been treated by a physician for back injury or pain.
No effort was made to provide a clinical clas-
sification to screen subjects that might actually
have clinically definable abnormalities (DeLitto,
1994). Fven though there was no obvious reason
to assume that these subjects were not normal,
subsequent analysis of these data based on clas-
sification rules to establish ‘normal’ recruitment
paiterns indicated that 10% of the males and 9%
of the females exhibited abnormal recruitment
patterns. The frequency of abnormal and sub-
clinical recruitment patterns observed in a sample
of 61 acute back injury paticnts was significantly
greater at 80% (Edgerton et al, 1996a).



A second group of 20 females (mean age 30 16
years; range 20—41) and 20 males (mean age
28 + 6 years; range 19-43) asymptomatic for back
pain and screened as mentioned above were
recruited for a between-session reliability studys"
Two technicians tested each subject once, with
a 14 day inter-tester interval. :

A third group of seven males {age 26 + 7 years;
range 1940} and seven females {age 22 1 3 years;
range 18-25) asymptomatic for back pain and
sereened as mentioned above were recruited for
a study to compare the EMG recording collected

simultancously for narrow and wide bandpass |

settings.

Selection of motor tasks_

The EMG activity of the trunk and neck muscles
was studied while the subject maintained a fixed
position during the execution of nine motor tasks.
For cach motor task, data from four trials in-
terspersed with a 7 sec standing position were
used. For each trial, the subject had 2 sec to
proceed into the static end of range position
(isometric phase} and hold that position for 5 sec
{Fig. 1).

Task | consisted of standing in a relaxed
position, Motor tasks 2 and 3 were asymmetrical
equivalents with one arm raised overhead to 45°,
the opposite lower extremity extended posteriorly
to 35°, with the pelvis maintained in a stable
position while balancing on a narrow base of
support. A shoulder shrug, task 4, clevated and
upwardly rotated the shoulder girdle, a move-
ment which occurs during lifting or manoeuvring
light objects at waist level, such as assembly work.
In task 5, both arms were abducted to 90°. This
motor task tested the subjects’ ability to abduct
the shoulder girdle, stabilise the ercctor spinae
and balance the trunk. Task 6 was forward trunk
flexion to approximately 45° while the head was
maintained in line with the trunk and the lordotic
curvature was minimised by maintaining a flat
back. This motor task tested the holding capacity
of the erector spinae and the trapezius muscles
as would be required to retrieve objects while
working over a table. In task 7, the arms were
flexed to 90° to simulate working with the arms
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MOTOR TASK 1

MOTOR TASK 2

MOTOR TASK 3

MOTOR TASK 5

MOTOR TASK 7

- 9 F
MOTOR TASK 9 MOTOR TASK 10

Fig. 1 Standing at rest and nine motor tasks for
which EMG values were reportad.
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in front of the body while maintaining an erect
posture. In task 8, the subjects were asked to
maintain a symmetrical position while reaching
overhead with both arms. Motor-tasks 9 and 10
consisted of rotating the trunk t the left and
right with the pelvis stabilised and the trunk
extended.

Electrode sites

Fourteen electrode sites that include most of the
major muscle groups which control and stabilise
the cervical, thoracic and lumbar spinc were
selected for study. To ensure electrode placement
reliability, procedures were developed which re-
lied on three landmarks (spinous process of C7,

acromioclavicular joint and iliac crest) and 13 -

anthropometric measurements to define the 14
electrode sites on both sides of the torso. To
improve electrode placement reliability, physical
measurements were taken from radiographic im-
ages of 84 females and 83 males. Regression
equations were derived to predict the distance
from cervical vertebra G5 to the location of the
spinous processes at TS, T10 and L1 based on
gender, height and distance from C7 to the iliac
crest. The mean overall difference between the
predicted and the actual measurement was
0.24 1 0.04 (SEM) inches across all subjects. Ex-
amples of the regression equations for predicting
the distance from C5 to T3 are as follows:

Females:

T5=0.0127(height) + 0.2575(C5 to iliac crest
distance}

Males:

T5=—0.0022(height} + 0.3016(C5 to iliac
crest distance) . :

Correlations between the radiological meas-
urements and the predicted measurements across
sites were highly reliable {r=0.99).

EMG measurements were obtained from
seven bilateral muscle sites of the back (Fig. 2).
The superior upper trapezius/ cervical paraspinal
(1) sites {superior upper trapezius} were placed
2.5cm lateral to the cervical spine at (5 near

the -origin of the superior trapezius, and over
the semispinalis and splenius capitis. The upper
trapezius (2) sites were located half the distance
betweensthe acromioclavicular joint and the lat-
cral: edge-of the sternomastoid muscle at the
coronal plane. The middie trapezins (3) sites were
centred between the spine and the medial edge of
the scapula at T5. The lower trapezius/thoracic
paraspinal (4) sites {lower trapezius) were placed
2.5 cm lateral to the thoracic spine at T10 near
the ‘origit’ of the lower trapezius and over the
spinalis thoracis and longissimus thoracis. The
latissimus dorsi (5) sites were located lateral to L1
but centred vertically below the upper trapezius
location (site 2). The abdominal oblique (6) sites
{obliquc) were placed 2 cm above the iliac crest

.and vertically aligned with the upper trapezius

location (site 2). The lumbar paraspinal (7} sites

Fig. 2 Location of seven bilateral muscle sites {lefl/
right) for elactrode placement: superior upper
trapezius/cervical paraspinal (1/8), upper trapezius {2/
9), middle trapezius {3/10), lower trapezius/thoracic
parasplnal {#/11), latissimus dorsi (5/12), oblique (&/
13} and lumbar paraspinal (7/14}.



were located 2.5 cm lateral to the lumbar spine
at the iliac crest (L4} over the erector spinac.

Skinfold measurements were taken at each
muscle site as deseribed previousty (Edgerton et
al, 1996a) using plastic calipers (Fat-o-meter;
Rockton, IL) to estimate the distribution of sub-
cutaneous fat (mm) between the electrode and
the muscle at each site.

The skin was prepared with rubbing alcohol
and an abrasive cream (Omni Prep, Aurora, CO),
and a single electrode set with two silver/silver-
chloride 1.0cm diameter discs spaced 2.5cm

apart (MulG-Biosensors, El Paso, TX) were

affixed parallel to the direction of the underlying
superficial muscle fibres.

instrumentation used for
normative data

EMG data were collected using 14 channels of
a 16 channel system with 10" £ input impedance:
differential amplifiers and a common ground.
Analog signals were first bandpass-filtered, rec-
tified, smoothed using a RC hardware filter with
a 145 msec time constant and then underwent
A/D conversion. The bandpass filter settings
were 66 and 215 Hz with a 12 dB per octave roll-
off at both the high and low ends. The 66 Hz
sctting may be considered low by some invest-
igators because of signal attenuation, However,
this setting eliminates 50—60 Hz interference and
minimises the effects of EGG artifact (Basmajian
and DeLuca, 1985, p. 51). The 215 Hz setting was
used because the signal-to-noise ratio can be im-
proved while eliminating less than 2% of the power
spectrum (Solomonow et al, 1990). These band-
pass settings were chosen to maximise the signal-
to-noise ratio because any low-frequency inter-
ference would tend to corrupt the electromyo-
graphicsignal under our measurement conditions.
Subsequent ratiometric analysis of the EMG data
indicated that highly reliable information capable
of discriminating back injury patents from con-
trols can be collected using these bandpass settings
(Edgerton et al, 1996a}. An audio signal was used
to prompt patient response. A visual display of the
EMG signal was used for monitoring the general
characteristic of the EMG signal.
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Instrumentation used for bandpass
study

EMG data were collected using 7 channels of a
16 channel system with 10'* Q input impedance
differential amplifiers, a common ground, fibre
optics isolation, a common mode rejection ratio
of 130 dB at the electrode site and $0.1 pV zero
input noise level (Flexcomp™, Thought Tech-
nology Ltd, Montreal, Ganada). Analog signals
were sampled at 1984 samples per second, undex-
went 13 bit A/D conversion, and optically trans-
mitted to a digital signal processing board. The
EMG data were then bandpass-filtered at two
different settings. The wide bandpass spe-
cification was 20-500 Hz with 36 dB per octave
roll-off with a 60 Hz notch filter, The narrow
bandpass was 66-215 Hz with 12 dB per octave
roll-off. The digital signals were then rectified,
smoothed with a RO filter with a 145 msec time
constant, and decimated to 15.5 data points per
second.

ECG artifact was readily apparent in the wide
bandpass tracing when amplitudes were below
10 pV. To eliminate this potential bias between
the two bandpass settings, algorithms were de-
rived empirically to recognise the beginning and
end of each ECG spike. The data points that
corresponded to each heart beat were removed
from all seven channels for both the narrow and
wide bandpass settings.

Data reduction and statistical
analysis

EMG amplitudes for each of four 5 sec ‘static
end of range position’ periods were averaged for
each muscle and for each motor task. To account
for signal attenuation resulting from adipose ts-
sue across muscle sites and subjects, procedures
were used to derive a correction factor to nor-
malise the EMG data. In the development of the
adipose tissue correction factor, certain as-
sumptions were made: (1) the rate of attenuation
of the EMG signal is a constant and only depends
on the adipose tissue thickness; and (2) the source
of variability during any particular motor task is
a function of the muscle’s morphology, tension
and gender. Thus an estimate of the commeon
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slope (B) would represent the attenuation rate of
the EMG signal and the y-intercept {&}) would
represent the EMG signal in the absence of
adipose tissue {Hemingway, Bidermann and
Inglis, 1995). An analysis of covariance (AN-
COVA) was used to estimate these parameters
and then fitted to the EMG recordings of the
200 subjects for the 14 muscles during the 10
motor tasks which accounted for variability in the
EMG signal due to muscle morphology, muscle
tension and gender. The correction factor derived
from the ANCOVA model was estimated by:

log(EMG) =
lenuscle, motor cask, gender — P X skinfold + ¢

where a base 10 logarithmic transformation was
performed on the averaged EMG values,
Olrcte, motor msk, gender 18 the y-intercept of the re-
gression line for each muscle, motor task, gender
combination, § is the common slope for each
muscle, motor task, gender regression line, skin-
fold is the adipose tissue thickness measurement
at the muscle site (mm), and ¢ is the residual
error resulting from the fit of the regression line
to the data.

The increase in mean transformed EMG am-
plitudes attributed to the correction factor for
adipose attenuation was determined for each
bilateral muscle group across the 10 motor tasks.
Muscle ratios were computed by taking the base
10 logarithm of the adipose corrected EMG for
Muscle, ;; divided by Muscle, ,, (i.e. [Log (EMG
Muscle,/EMG Muscle,)]. Of the 182 muscle
ratios per motor task {14x13 muscle com-
binations), a half were reciprocals (i.e. [Muscle,/
Muscleg} =[1/(Muscle,/Muscle,)]) and could be
eliminated because they contained no unigue
information. Means and standard deviations of
cach of the remaining 91 transformed ratios were
computed for the men and for the women.

Coefficients for skewness and kurtosis were
computed for each of the 910 transformed ratios
(91 ratios X 10 motor tasks). Standardised co-
efficients of a magnitude greater than 2.0 were
used to identify muscle ratios that did not
conform to a Gaussian distribution (Snedecor
and Cochran, 1967). Variables with significant
skewness and kurtosis were transformed (e.g. base

10 log functicn) to attain a Gaussian distribution
to accurately represent variability of the data (i.c.
standard deviation or standard crror) about the
mean {(Moore, 1995). A repeated measures ana-
lysis of variance was performed using the log,,
EMG transformed values to determine overall
significant gender differences. Further analysis of
individual gender differences using the trans-
formed EMG amplitudes and ratios of specific
muscle groups-used the two-tailed #test for in-
dependent groups. The alpha level for statistical
significance was set at 0.05. In those instances
where multiple #test comparisons were made,
the Bonferroni adjustment of the alpha level was
used.

In certain analyses, such as the analysis of the
narrow and wide bandpass settings, in which
there was no clear distinction between the in-
dependent and dependent variables, the Pearson
product-moment correlation coefficient (r) and
intra-class correlation {IC) cocflicient were com-
puted (Zar, 1984), EMG signals were collected
from both narrow and wide bandpass settings
from the left latissimus dorsi muscle during the
execution of two motor tasks: arm abduction to
907, which requires low EMG activity, and trunk
rotation to the left, which requires higher levels
of EMG.

Mean transformed EMG amplitudes for the
narrow and wide bandpass settings, the total
sample root mean squared (RMS) differences
between individuals, and percent differences be-
tween bandpass settings (i.e. RMS differences
divided by the pooled mean transformed EMG
amplitudes for both bandpass settings) were com-
puted for each muscle group and motor task
combination,

The Pearson product—-moment correlation co-
efficient was also used to evaluate the linear
relationship of the between-session pairs of trans-
formed EMG amplitudes and ratios ar well as
the inira-class correlation coefficient. This analytical
strategy was applied within and across all motor
tasks.

The intra-class and Pearson’s correlation co-
efficients were also computed between the narrow
and wide bandpass mean transformed ratios
across the seven muscle groups and 10 motor
tasks. Before computing ratios between the 210



muscle pairs between the seven muscle groups
for 10 motor tasks, EMG activity below 2.5 uV
was truncated to 2.5 pV for both bandpass set-

tings to remove variability attributed to measure-;

ment error at low amplitudes.

RESULTS

Correction for signal attenuation
attributed to adipose tissue

The adipose correction factor (B) was 0.0123
with a cocfficient of determination (®% of 0.75
for the ANCOVA model. This correction factor
was then applied to the EMG measurcments

from all muscle sites.:The mean uncrcasr. in

transformed EMG amplitudes across’ ‘beven bi-
lateral muscle groups and 10 motor :tasks at-
tributed to the correction factor was 12% {Table
1). The upper trapezius had the lowest mean

caliper measurements (5.9 mm), greatest mean

transformed EMG amplitudes (log=1.40 pV)
and smallest percentage attributed to the cor-
rection factor {5.0%). The oblique had the great-
est rmean caliper measurements (19.2 rm), lowest
log transformed EMG amplitudes (log =0.95 pV)
and greatest percentage attributed to the cor-
rection factor (25.3%).

Logarithmic transformation

Of the 910 ratios {91 unique ratios x 10 motor
tasks), 507 were positively skewed {mean 2.55,

Table 1
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5D 1.59, range 0.41 to 13.24) and 804 of the
same 910 ratios were predominantly leptokurtic
(mean 12.64, SD 19.30, range —0.24 to 180.22).
The skew occurred primarily in motor tasks when
minimal EMG actvity was recorded. After log-
arithmic transformation, none of the muscle ra-
tios were significantly skewed (mean 0.03, SD
0.3]1, range —0.93 to 1.89) and only 17 had
kurtosis greater than 2.00 {(mean 0.17, SD (.84,
range — (.88 to 10.83).

‘Transformed EMG data

The means and standard deviations for all
muscles for the 10 miotor tasks are presented for
-males and females in Figs 3 and 4 respectively.
Several general observations are apparent from
Figs 3 and 4. The activity of all muscles is
relatively low during standing. There are clear
differences among muscles in each of the nine
movements; for example, the relative differences
among muscles are unique for each of the nine
movements. These differences reflect symmetry
of the motor tasks as would be expected. Although
there are gender differences, the general amp-
litude profile of the EMG signals is strikingly
similar in fernales and males (Figs 3 and 4).

The mean transformed EMG values were very
consistent between homologous muscle sites and
confirm theoretical kinesiological assumptions
pertaining to muscle recruitment. For example,
during the end range of a shoulder shrug (Figs 3
and 4, motor task 4} and arm abduction to 90°

Skinfold measurements, transformed EMG amplitudes with corvection for adipose tissus, transformed EMG
and percent attributed to adipose correction across 10 motor tasks for 100 males and 100 females

Log EMG .Percent

Caliper Adipose attributed attributed

measures corrected to adipose to adipose
Muscle group (ram} log EMG {pV) cotraction {(uv) correction
Superior upper trapezius 72125 1.0940.33 0.08+0.03 83
Upper trapezius 59424 1.4040.81 0.07+0.03 5.0
Middle trapezius 10.5+3.7 1.32+0.42 0.13+0.05 9.8
Lowaer trapezius 10.814.0 1.27 +0.44 0.13+0.05 10.2
Latissimus dorsi 11.815.8 0.96 +-0.41 0.151£0.07 15.6
Oblique 19.245.7 0.95+0.28 0.24-+0.07 25.3
Lumbar paraspinal 10.7 +4.8 1.11+0.47 0.13+0.06 1.7

Values are moans + SO
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Logged Mean EMG - Males

. Muscle Numbess
1 - Muscles Loy Right
Sup. upper wap/Cetvical PS 1 8
0.5 Upper Trapezius 2 9
: Middle trapezins 3 10
HMR RO RS MY Latisaimus dorsi g g
1. Standing at rest Lumbar paraspinal 7 14

2. Right arm overhead/ 3. Left arm averhead/
right leg back 4. Shoulder Shrug

. leit leg back

Logged pV

onx
7. Arm flexion to %°

ba o A
5, Arm Abduction to 900

'3 [ ] L]
LaRa b A bl - 3 Ke L o nﬂnvmwhnas=ﬁg= NGRS o T

8. Arms overhead %, Trunk rotalion - left 10. Trunk rolation - right

Fig. 3 Mean and standard deviations of the log,, of the EMG amplitudes of 14 muscles (see Fig. 2) during 10
motor tasks {see Fig. 1) as described in the Methods section. Significant gender differences are noted
{*males>females; **males<famaies). Deta derived from 100 malg subjects. Supser=superior, trap=trapezius,
PS=paraspinal. {For referance, 2=log,, of 100 pV.)
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Logged Mean EMG - Females

1 Muscle Nurabors
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ﬁﬂnvmwhua==gg= il byl Db Al Lt oo ok | lalabah dul Sl - St fuch S
8. Arms overhead 9. Trunk rotation - left 10. Trunk rolation - right

Fig. 4 Mean and standard deviations of the log,, of the EMG amplitudes of 14 muscles (see Fig. 2) during 10
motor tasks {see Fig. 1} as described in the Mathods section. Data derived from 100 female subjects. Super=
superior, trap=trapezius, PS=paraspinal. {For reference, 2 =log,, of 100 pV.}
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(Figs 3 and 4, motor task 5), the EMG activity
confirmed the theoretical assumption that the
upper trapezius stabilised the shoulder girdle
by elevating and upwardly rotating the scapula.
Additional stabilisation was provided by the
middle trapezius via abduction and, to 2 lesser
extent, by the superior upper trapezius and lower
trapezius muscles via upward rotation. The an-
ticipated relative inactivity of the lower back
muscles was reflected in the low mean trans-
formed EMG activity. During arm flexion to 90°
(Figs 3 and 4, motor task 7}, it was anticipated
that the lower trunk would need to maintain an
erect posture to offiet the weight of the arms
forward. The relatively high mean transformed
EMG amplitude from the lumbar paraspinal
muscles confirm this recruitment pattern.

Differences between narrow and
wide bandpass settings

The Pearson’s correlation coefficient between
transformed EMG amplitudes for both the nar-
row and wide bandpass settings for the latissimus
dorsi of 14 subjects during trunk rotation to the
left and arm abduction to 90° were 0.98 and
0.89 respectively (Fig. 5A and B). The intra-class
correlations were less for trunk rotation (ICG=
0.82) and substantially reduced during arm ab-
duction to 90° {({C=0.12). The relationship be-
tween the narrow and wide bandpass-
transformed EMG amplitudes appears to be more
predictable in motor tasks requiring relatively
high EMG activities (Fig. 5A). When examining
the relationship between narrow and wide band-
pass settings and the average transformed EMG
amplitudes across the seven muscle groups and
10 motor tasks, the Pearson’s correlation was
0.98, with an intra-class correlation of 0.89. The
wide bandpass EMG amplitudes were con-
sistently greater than the narrow bandpass EMG
amplitudes {Fig. 5A, B and C), with the largest
differences occurring at the low amplitudes.
The differences in transformed EMG am-
plitudes between the narrow and wide bandpass
settings were less than 18% above log 1 pV, 24%
at log 0.75 pV, 37% at log 0.50 pV and 78% at
log 0.25 pV (Fig. 5D). These EMG amplitudes

correspond to approximately 10, 6, 3 and 2 puVv,
respectively.

The impact of narrow and wide bandpass
settings seems to be much less apparent or min-
imal when examining the ratios of transformed
EMG amplitudes. The EMG ratios presented in
Fig. 5E produced a Pearson’s correlation co-
efficient of 0.95, with an intra-class correlation
of 0.93. The correlations among EMG ratios for
narrow and wide bandpass scttings during trunk
rotation to the left (elevated EMG acuvity) for
the 14 subjects ranged from 0.99 to 0.97. The
range of intra-class correlations for trunk rotation
to the left was 0.95-0.98. The range of Pearson
correlations for arm abduction to 90° (low EMG
activity) was (.85~0.98, and the range for intra-
class correlations was 0.59-0.90. These data dem-
onstrate that the differences in EMG amplitudes
observed between the narrow and wide bandpass
settings have minimal effects on the log,, trans-
formed ratios of EMG amplitudes.

Gender differences

The repeated measures analysis of variance
showed significant gender differences. Two-tailed
-tests identified significant gender differences in
58 of the 140 log, transformed EMG values
and in 251 of the 910 transformed ratios. For
example, Fig. 3 shows that the mean transformed
EMG values for the lumbar paraspinal muscles
were consistently greater in males than females.
However, the average transformed EMG values
for the latissimus dorsi were consistently greater
in fernales than males. When examining the rank
order of muscle recruitment for each of the motor
tasks, the order of transformed EMG amplitudes
was virtually identical. This result indicates that
males and females recruit their back muscles
similarly during the execution of the motor tasks.

Between-session reliability

The Pearson’s correlation coefficients (1), as well
as the intra-class correlation coeflicients (IC), for
the between-session data {Table 2) indicate that
the transformed EMG amplitudes and trans-
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Fig. 5 Comparison of transformed EMG amplitudes betwseen narrow and wide bandpass settings for
latissimus dorsi during (A) trunk rotation to the left with greater expected EMG activity and (B) arm
abduction to 90° with lowar expacted EMG activity. (C) Correlation between mean transformed EMG
amplitudes for seven muscle groups across 10 motor tasks {r=0.98, IC=0.89). (D} Relationship between
transformed EMG amplitude for the narrow bandpass and the percentage differance between the narrow and
wide bandpass settings (best-fit aquation: percent difference = —0.021 4+ 0.195/transformed EMG ;0w baripass! -
{E} Correlation between the mean transformed ratios for narrow and wide bandpass settings {r=095, IC=
0.93).
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Tabls 2

Betwesn-session corrslations for transformed® EMG amplitudes snd transformed ratios of EMG amplitudes
for 14 muacle groups during each of 10 motor tasks for 20 malas and 20 females

Transformad EMG

Transformed ratios

Malas Females Males Famales
Motor tasks I ICs r Ic r IC r e
1. Standing 0.63 0.61 0.61 0.59 0.66 0.65 0.60 0.60
2. R arm overhead/L lag back 094 0093 0580 090 084 093 092 091
3. L arm overhead/R lag back 084 053 088 0.88 084 094 0.80 0.89
4. Shoulder shrug 094 094 093 0.93 092 0.92 084 093
5. Arm shduction to 90° 096 095 095 0,94 055 095 084 094
6. Trunk flexion to 45° 092 090 088 086 090 0.89 0.88 0.87
T. Arm flexion to 90° 094 094 0.94 0.93 094 0594 0.94 0.93
8, Arms overhead 092 092 096 096 090 0.80 094 094
9. Trunk rotation, left 0.80 0.79 0.83 0.82 0.83 0.82 0.83 .81
10. Trunk rotation, right 0.83 0.80 075 074 086 085 0.81 0.79
Qverall average 0.88 .87 0.86 . 0.86 088 0.B8 0.87 0.86

Log,, trangformation; *Pearson product-momant correlation coefficient; Gntra-class correlation coefficient. R, right; L, left.

formed ratios for each motor task were highly
reliable, with the overall average correlations {r
and IC) across all motor tasks ranging f{rom
0.86-0.88 for both males and females. The most
reliable transformed EMG amplitudes and trans-
formed ratios were obtained during arm ab-
duction to 90° and arm flexion to 90° (r and IC
correlations ranged from 0.93 to 0.96) and the
least reliable results were obtained while standing
at rest (r and IC correlations ranged from 0,59
to 0.66).

EMG amplitudes vs ratios

An example of the ratios among selected muscles,
including the left superior upper trapezius, upper
trapezius, middle trapezius and lower trapezius
muscles, during forward arm flexion to 90°
(motor task 7) and arms overhead {motor task 8)
are presented in Figs 6 and 7, respectively.
During arm flexion to 90° (motor task 7), the
mean transformed upper trapezius EMG ampli-
tude was significantly greater for males than for
females, but no gender differences were observed
in the superior upper trapezius/cervical para-
spinal, middle trapezius and lower trapezius/
thoracic paraspinal muscles (Fig. 3, motor task
7). The mean transformed ratios between the
upper trapezius and all of its synergists exhibited

significant gender differences (Fig. 6A), while
the recruitment of the superior upper trapezius
muscle relative to the middle and lower trapezius
muscles was similar (Fig. 6B).

With arms overhead (motor task 8), the mean
transformed EMG amplitudes from the upper
trapezius, middle trapezius and lower trapezius
muscles were significantly greater for males than
for females, but no gender differences were ob-
served in the superior upper trapezius muscle
{Fig. 3, motor task 8). The mean transformed
ratios of the upper trapezius and superior upper
trapezius muscles were significantly different for
males and females, but no gender differences
were noted between the upper trapezius or
superior upper trapezius muscle and the middle
trapezius and lower trapezius muscles. The gen-
der differences in the mean transformed am-
plitudes of the middle trapezius and lower
trapezius muscles were not observed in the mean
transformed ratios (Fig. 7A and B).

DISCUSSION

Since muscle recruitment patterns have been
found to be highly variable during dynamic ac-
tivity (Ahern et al, 1988; Nouwen et al, 1987;
Wolf and Basmajian, 1978), we assessed static
responses at the end range of well-defined motor
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Fig. 6 Selacted log ratios of EMG amplitudes from
100 femala and 100 male subjects with arms flexed
to 90° (motor task 7). (A} Mean and standard
deviation of left upper trapezius with supericr upper
trapazius (S.U. Trap), middle trapezius {M. Trap) and
lower trapezius {L. Trap). (B} Mean and standard
deviation of left superior upper trapezius with upper
trapezius, middle trapazius and lower trapezius.
*Significant gender differences.

tasks in the present study, That EMG recordings
were made from muscles with a constant length
and shape (i.e. same joint position for a given
motor task} probably improved reliability and
stability of recruitment and recording condition
during the performance of each motor task. In
addition, by repeating each motor task four times,
the potential variability for a given motor task,
muscle and subject was reduced cven more.
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Fig. 7 Selected log ratios of EMG amplitudes from
100 female and 100 male subjects with arms raised
overhead (motor task 8). (A} Mean and standard
deviation of left upper trapezius with superior upper
trapezius {S.1). Trap), middle trapezius (M. Trap) and
lowar trapezius {L. Trap}. (B} Mean and standard
deviation of left superior upper trapezius with upper
trapazius, middle trapezius and lower trapezius.
*Significant gender differences.

Maintaining the static end ranges of the motor
tasks used in the present study requires a modest
cffort. This presumably makes these tests more
practical and reliable than recordings derived
from maximum voluntary contractions. For ex-
ample, the influence of motivation will be less of
a factor when the subject is not required to exert
maximum effort. The tests used in this study only
require the subject to offset the forces of gravity.
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These tasks also minimise the possibility of ex-
acerbating muscle injury.

The mean transformed EMG amplitudes pre-
sented in Figs 3 and 4 were corrected for signal
attenuation attributed to adipose tissue, since
this procedure has heen suggested to reduce
between-subject variability for EMG amplitudes
(Hemingway et al, 1995). The correction resulted
in a mean increase in transformed EMG amp-
litudes across seven bilateral muscle sites and 10
motor tasks of 12%, ranging from 5% for the
upper trapezius to 25% for the obliques.

The between-session transformed EMG am-
plitudes and ratios were highly reliable across
the nine active motor tasks (r and IC correlations
ranged from 0.74 to 0.96; Table 2). However,
the transformed EMG amplitudes and ratios were
substantially less reliable during standing (r and
IC correlations ranged from 0.59 to 0.66; Table
2) when low EMG activities were recorded (see
Figs 3 and 4).

Similar conclusions were arrived at for datasets
which had been processed using a wide bandpass
setting or a narrow bandpass setting. The latter
was used to remove the low-level ECG signal
which could otherwise contribute to inaccuracies
in the measurement of very low-level EMG ac-
tivity. The selections chosen for the total band-
width of the EMG signal clearly did not alter
our basic observations and greatly facilitated ana-
lysis of the data. Our data suggest that although
frequency bands below 66 Hz add significant
levels of information to the raw EMG signal,
there is sufficient information in the remaining
bands to perform our analyses. Other authors
have noted the significance of low-frequency
bands in the discrimination of changes in the
activity of spinal muscles (Dolan, Mannion and
Adams, 1993}, but the median frequencies in
spinal muscles are in the range 80-130 Hz, sug-
gesting that a majority of the EMG signal power
is well- above 66 Hz (Thompson and Biederman,
1993; Tsuboi et al, 1994). Furthermore, the im-
pact of the bandpass settings on the ratios of
EMG values appears to be minimal.

Crosstalk, the contribution of activity in neigh-
bouring muscles to the EMG activity recorded
in the muscle of interest, can be preblematic in
some circumstances (Hof and Van der Berg,

1981; Loeb and Gans, 1986; DeLuca and

Merletii, 1988; Merletti, Knaflitz and DeLuca

1992), although proper electrode placement and

appropriate recording electronics can help to

minimise the problem (Basmajian and DeLuca,

1985, pp. 42—45; Koh and Grabiner, 1993). In

our experiments, electrode placement overlay

muscle groups and we made no assumption about

an individual muscle within a group, other than

that they share a similar kinesiological function

during the executicn of the motor tasks. Never-

theless, our results show that our choice of
electrode sites provides information which
diffcrentiates recruitment among muscles and

across motor tasks. Furthermore, we have shown

in previous publications that this recording pro-

tocol cffectively identifies the presence or absence

of low back pain (Edgerton et al, 1996a,b).

Significant gender differences were reported
for all 10 motor tasks (Fig. 3). Males exhibited
greater EMG activity than females in the lumbar
paraspinal muscles during all motor tasks except
the left lumbar paraspinal muscie in trunk ro-
tation to the left (motor task 9). These findings
are consistent with Nouwen et al (1987), who
reported lower EMG levels for femalces than males
in the paraspinal muscles during flexion/ex-
tension, lateral bending and rotation, and with
Wolf et al (1979}, who reported significantly
greater activity for males than females during
rotation, stooping and squatting. The sig-
nificantly higher EMG activity observed in both
the upper and middle trapezius of males during
motor tasks with the arms flexed beyond 135°
(i.c. right arm in motor task 2, left arm in motor
task 3 and both arms in motor task 8) may
be attributable to increased upper torso muscle
development. ‘The significant differences in EMG
activity of the superior upper and upper trapezius
during forward trunk flexion {Fig. 3, motor task
6) suggest that females retract their shoulders
slightly more than males to offiet the weight of
the flexed upper torso.

To maintain arms overhead, the mean trans-
formed EMG amplitudes of the upper, middle
and lower trapezius muscles were greater for
males than females (Fig. 3, motor task 8). How-
ever, no gender differences were observed in
the transformed ratios between these muscles,



suggesting the relative contribution of these
muscles to the task were similar for males and
females (Fig. 7A). Thus it appears that some of
the morphological and gender differences that
may be reflected in EMG amplitudes may be
minimised by using ratics of EMG amplitudes.

An example of abnormal patterns of activation
in response to a back injury may be observed
during trenk rotation with the pelvis stabilised
(i.e. motor tasks 9 and 10). The theoretical as-
sumption that the ipsilateral erector spinae, ip-
silateral external oblique and contralaterat
internal oblique should be active during trunk
rotation based on kinesiological considerations
are reflected in the transformed EMG values
(Figs 3 and 4). The mean transformed paraspinal
EMG activity of the lumbar paraspinal muscles
contralateral to the rotational motor task were
greater than the ipsilateral side, confirming pre-
vious findings (Ahern et al, 1988; Basmajian,
1978; Kravitz et al, 1981; Wolf et al, 1991; Wolf
et al, 1979) that the contralateral paraspinal
muscles stabilise the vertebral column during
rotation. However, the standard deviations of the
transformed EMG amplitudes suggest that the
manner by which normal subjects recruit the
obliques and lumbar paraspinal muscles relative
to each other during trunk rotation is variable,
and may be attributed to the difficulty in main-
taining the pelvis in a stable position while the
trunk rotates. However, these muscles were re-
liably characterised by transformed ratios (r=
0.83, 1G=0.81).

Within our database, the age range was 1861
years, This age distribution seems to be ap-
propriate to establish formalcy of back muscle
recruitment patterns in adults. Prior to the age
of 60 there is no clear evidence' that the EMG
signal is significantly affected or that the dis-
tribution of fibre type along with neuromuscular
function are altered (Ayoagi and Sheppard,
1992). Direct analysis of our data comparing
young (<28 years, n=17) and old (>49 vyears,
n=17) groups matched for sex and body mass
index yielded no significant differences between
ratios of muscle group EMG activity. There was
a tendency for increased EMG activity in the
lumbar paraspinal muscles for the older group.
This tendency was translated into those ratios
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involving the lumbar paraspinal muscle group
(i.e. ratios with the lumbar paraspinal muscle
group in the numerator tended to be higher),
However, none of the muscle ratios examined

for the older group approached abnormality

based on a 95% confidence interval for our
population data.

CONCLUSION

Between-session EMG amplitudes and ratios of
EMG amplitudes for seven different bilateral
muscle groups during 10 different motor tasks
were found to be highly reliable. Sigmificant
differences in EMG - amplitudes between 100
males and 100 females were observed. Ratios of
EMG amplitudes from a battery of muscles were
found to provide unique and consistent in-
formation pertaining to relative recruitment of
muscle groups in a large population of normal
males and females. These data demonstrate the
feasibility of using a normative database as an
objective reference for identifying abnormal
muscle patterns in injured patients. Although
further studies are needed w deline more clearly
the population characteristics of EMG patterns
associated . with subjects of different ages, par-
ticularly the elderly, a variety of well-defined
actiologies involving back pain and muscle dys-
function can be compared with the present norm-
ative database.
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