Eur Spine J (2000) 9:559-562
© Springer-Verlag 2000

Przemyslaw Lisinski

Received: 12 November 1998
Accepted: 5 January 2000

P. Lisinski

Department of Rehabilitation,
Karol Marcinkowski University
of Medical Sciences,

28 Czerwca 1956 135/147,
61-545 Poznan, Poland

Tel.: +48-61-8310219,

Fax: +48-61-8334421

ORIGINAL ARTICLE

Surface EMG in chronic low back pain

Abstract Chronic low back pain
(CHLBP) occupies first place anong
factors restricting people's life activ-
ity under the age of 45. Frequency of
CHLBP occurrence oscillates between
60 and 80%. Dysfunction of the erec-
tor trunci is afundamental cause of
CHLBP. The aim of the study was to
evauate the usefulness of surface
electromyography (EMG) as an iden-
tification method in CHLBP. EMG
apparatus was connected to a PC
equipped with the EMG-LAB pro-
gramme. This programme allows the
registration, transformation, analysis
and projection of results on-line. A
summary of complete examination is
presented in the form of statistical
values of parameters such as mean
amplitude, mean density, background
amplitude, background density, and
upper amplitude and upper density.
Plain, surface electrodes were at-
tached to the skin overlying the erec-
tor spinae at the T7 and L4 vertebrae,
approximately 3—4 cm from the mid-
line of the back. Electrodes were po-
sitioned unilaterally on the right side.
A reference electrode was positioned
on the skin overlying the right arm.

Sixty-two patients with CHLBP were
examined (30 men and 32 women,
mean age 41 £ 8 years). The control
group consisted of 31 people without
back problems (16 men and 15
women, mean age 39 + 6 years). The
statistical values of mean amplitude,
mean density and upper amplitude
were found to be higher in the con-
trol group at the T7 level. At the L4
level, mean amplitude, mean density,
background amplitude, background
density and upper amplitude were
significantly higher in control group.
The findings of this study show that
(1) dysfunction of the erector spinae
plays a significant role in CHLBP,
and (2) this process applies to small
and large motor units, but the charac-
ter of these changes is different in
particular muscles. Surface EMG is
an objective, non-invasive method of
examining function of the erector
spinae in the author’s opinion.
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Introduction

Chronic low back pain (CHLBP) occupies first place
among factors restricting people's life activity under the
age of 45 [3, 7, 13]. Frequency of CHLBP occurrence 0os-
cillates between 60 and 80% [6]. One of the most impor-

tant issues that should be taken into consideration is the
question of where this problem originates. So far, there
are about 500 hypotheses about the origin of CHLBP [5,
9, 29]. One of the most significant points to dysfunction
of the erector spinae [1, 2, 8, 10]. This muscle is particu-
larly important because the erector spinae actively coun-
teracts external overloads acting on the spine in static and
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dynamic conditions [12, 21]. It also has the largest trans-
section area and the shortest arm of activity in relation to
bony elements of the spine [25]. Theoretically there are
two possible causes of dysfunction of this muscle. The
first is traumatic damage to one of the spine’s structures
(nucleus pulposus, for example), leading to acute low back
pain that prevents the patient from living an active life.
Such a situation can lead to atrophy of the erector trunci
and associated dysfunction [17, 24, 30]. The second pos-
sible cause is prolonged conditions of overload, under
which the the erector spinae is obliged to function isomet-
rically,leading to atrophy [11]. Precisely the question of
whether dysfunction of the erector spinaeis a cause or the
result of low back pain is still open.

Nowadays we have a variety of methods of examining
thismuscle [4, 14, 16, 22]. One of them is examination of
the change in the frequency distribution of EMG signal.
This is a valuable, non-invasive technique for evaluating
the development of local muscle fatigue during the main-
tenance of an isometric contraction [19, 20]. A modifica-
tion of this method is automatic analysis of the interfer-
ence pattern (IP) that represents muscle activity during
maximum voluntary effort [15]. This analysis requires ac-
curate time measurement (1, 2 or 3 s) and measures pa-
rameters that are directly related to different motor units
(MUs) activity contributing to the interference pattern.

Aim of the study

The study aimed to evaluate whether automatic analysis
of the IP done by surface EM G is agood method for iden-
tifying dysfunction of erector spinae in CHLBP cases.

Materials and methods
Patients

Sixty-two patients with the clinical diagnosis of CHLBP were ex-
amined (30 men and 32 women, mean age 41+8 years). The con-
trol group consisted of 31 people without back problems (16 men,
15 women, mean age 39+6 years). Each subject was informed of
the purpose and potential risk of the study before his or her written
voluntary consent was obtained. The study was approved by the
local Medical Ethics Committee.

Methods

All participants underwent EMG of the longissimus thoracis mus-
cle (T7) and the multifidus muscle (L4). Following appropriate
skin preparation to reduce skin impedance, 10-mm surface elec-
trodes were attached to the skin overlying the erector spinae at the
levels of the T7 and L4 vertebrae, approximately 3-4 cm from the
midline of the back. These electrodes were located unilaterally on
the right side. A reference electrode was attached to the skin over-
lying the right arm. DISA-Electronic apparatus was used, con-
nected to a PC equipped with the EMG-LAB programme, which
alowed registration, transformation, amplification, analysis and
projection of results on-line. The summary of the complete exam-

ination is presented in Table 1 in the form of statistical values of
parameters such as mean amplitude (M.A.), mean density (M.D.),
background amplitude (B.AMP.), background density (B.DENS.),
upper amplitude (U.AMP.), and upper density (U.DENS.).

Each subject was placed in a prone position on an examination
couch with the lower body, from the superior border of the iliac
crest downward, strapped to the couch [4]. With hands touching
the ears, elbows out to the side and level with the trunk, and head
in aneutral position, the subject was requested to maintain the un-
supported upper body in a horizontal position for 2 s. Each exami-
nation was performed twice. The first one was a practice for the
patient, with the measurements being taken from the second.

Statistics

Data are presented as mean and standard deviation (SD). Statistical
analysis was carried out using the Student t-test. Statistical signif-
icance was accepted at the 5% level.

Results

Statistical mean values are shown in Table 1. Mean am-
plitude, mean density and upper amplitude are higher in
the control group at T7. Results from the multifidus mus-
cle (L4) are somewhat different. Mean amplitude, mean
density, background amplitude, background density and
upper amplitude have significantly higher values in the
control group in relation to patients.

Discussion

The recently developed EMG-LAB software allows anal-
ysis of the interference pattern (IP) during maximum vol-
untary effort, and determination of the parameters of dif-
ferent MU size, their quantity and intensity of recruit-
ment. The automatic analysis requires accurate time mea-
surement (1, 2 or 3 s). The global assessment of IP is
based on the two parameters of mean amplitude and mean
density. The most prominent activity of the IP [15],
termed “Background”, is generated in most cases by com-
plex or polyphasic low-threshold MUs, the MUAPs for
which are characteristic for a given muscle and its elec-
trophysiological state. The other clinically important in-
formation concerns the high level of MU activity obtained
from upper centile measurement. “Upper” activity is gen-
erally generated by high-threshold MUs [15].

Mean amplitude corresponds under some conditions to
the number of muscle fibersin MUs, the diameter of mus-
cle fibers and synchronicity of their contraction. Mean den-
sity can reflect the number of MUs and their frequency of
recruitment [15]. The erector spinae is a “postural” mus-
cle, which is responsible for maintenance of correct pos-
ture. Predominant activity is generated by slow twitch
fibersin this kind of muscle. So-called “background” am-
plitude is correlated with the number of muscle fibers in
small MUs, the diameter of these fibers and synchronicity
of their contraction. Background density corresponds with
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Table1l Resultsof the automatic analysis of interference pattern (M.A. mean amplitude, B.DENS. background density, M.D. mean den-
sity, UAMP. upper amplitude, B.AMP. background amplitude, UDENS. upper density)

Parameter Control group Patients P
Mean Minimum Maximum  SD Mean Minimum Maximum  SD
M.A.T7 1481.1 765.8 3893.0 582.8 929.1 420.0 1785.3 317.5 <0.001
M.D. T7 59.8 36.4 94.7 11.2 54.7 39.1 88.2 10.5 <0.05
B.AMP. T7 254.8 150.1 300.3 52.1 230.9 100.1 300.3 82.3 n.s.
B.DENS. T7 86.5 19.8 133.3 31.0 84.1 19.8 222.2 35.0 n.s.
UAMP. T7 4556.6 496.1 8160.2 1849.6 2436.5 519.5 4720.7 947.4 <0.001
UDENS. T7 6.9 3.6 12.1 1.6 6.7 2.8 25.4 3.3 n.s.
M.A. L4 891.1 580.8 1296.4 169.1 419.0 182.1 601.4 86.0 <0.001
M.D. L4 93.6 40.3 156.7 21.4 74.4 38.7 118.3 15.1 <0.001
B.AMP. L4 263.2 100.1 300.33 67.1 199.5 129.9 450.4 717 <0.001
B.DENS. L4 166.0 19.8 287.0 65.2 141.9 19.8 285.7 56.9 <0.05
UAMP. L4 2564.1 1160.2 4240.2 705.6 1047.9 280.1 1960.0 361.9 <0.001
UDENS. L4 8.8 2.0 17.3 3.7 104 3.0 25.9 49 n.s.

the number of small MUs and their frequency of recruit-
ment. A small MU consists of slow twitch fibers type I.

Upper amplitude and upper density corresponds with
these same parameters, but in large motor units, which
consist of fast twitch fibers type Il [23, 27].

Results from the T7 level may suggest that in cases of
CHLBP there is a drop in the number of muscle fibersin
small and large MUs (differences in mean amplitude be-
tween patients and control group); furthermore, the diam-
eter of the muscle fibers is smaller and synchronicity of
their contraction lower among patients. Moreover, the
number of MUs is smaller among patients and their fre-
quency of recruitment is worse. All these all changes ap-
ply particularly to the fast twitch fibers type 11, located in
large MUs. Results from the L4 level suggest changes af-
fect small MUs more than large ones.

The number of units, number of fibers, synchronicity
of their contraction and level of their frequency of recruit-
ment are all lower among CHLBP patients. The character
of these changesis similar in large MUs, without adrop in
their number or lowering of their frequency of recruitment
(see Table 1).

Results of this study demonstrate that in cases of
CHLBP, bioelectrical changes of erector spinae activity
are present. This method makesit possible to examine the
general activity of the erector spinae over afew seconds.

Differences in results between T7 and L4 can be ex-
plained by difference in the distribution of two main sorts
of fibers in these parts of the erector spinae [18, 26, 28].
In the lumbar region the relative area of the muscle occu-
pied by type| fibersissignificantly greater than that in the
thoracic region. Besides this, the diameter of slow twitch
fibersis larger than that of fast twitch fibers. No relation
was found between values of curvature of the lumbar
spine and the value of any of the electrophysiological pa-
rameters in the global 1P examination. All values of the
lumbar spine curvature were within the limits of normal
values.

Conclusions

1. Dysfunction of the erector spinae plays a significant
rolein CHLBP.

2. This process refers to small and large motor units, but
character of these changes is different in particular
muscles.

3. Surface EMG is an objective, non-invasive method of
examining function of the erector spinae in my opin-
ion.
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