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Abstract
Lumbar spine accessory movements, used by therapists in the treatment of patients with low back pain, is thought to decrease paravertebral muscular activity; however there is little research to support this suggestion. This study investigated the eﬀects of lumbar spine
accessory movements on surface electromyography (sEMG) activity of erector spinae.
A condition randomised, placebo controlled, repeated measures design was used. sEMG measurements were recorded from 36 asymptomatic subjects following a control, placebo and central posteroanterior (PA) mobilisation to L3 each for 2 min. The therapist stood on
a force platform while applying the PA mobilisation to quantify the force used. The PA mobilisation applied to each subject had a mean
maximum force of 103.3 N, mean amplitude of force oscillation of 41.1 N, and a frequency of 1.2 Hz. Surface electromyographic data
were recorded from the musculature adjacent to L3, L5 and T10.
There were statistically signiﬁcant reductions of 15.5% (95% CI: 8.0–22.5%) and 17.8% (95% CI: 12.9–22.4%) in mean sEMG values
following mobilisation compared with the control and placebo, respectively.
This study demonstrates that a central PA mobilisation to L3 results in a statistically signiﬁcant decrease in the sEMG activity of
erector spinae of an asymptomatic population.
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1. Introduction
Patients with low back pain often present with reduced
lumbar spine mobility and this may be associated with
increased paraspinal muscle activity (Chen et al., 1998;
Chiou et al., 1999; Lariviere et al., 2000; Lehman, 2002;
Loﬂand et al., 2000; Mannion et al., 1997). During clinical
examination of these patients, therapists’ perception of
increased lumbar posteroanterior (PA) stiﬀness (Latimer
et al., 1996) may be due to this increase in paraspinal

muscle activity (Colloca and Keller, 2001; Lee et al.,
1993; Shirley, 2004; Shirley et al., 1999). Therapists may
treat PA stiﬀness by manually applying rhythmical oscillatory forces to the spinous processes of the lumbar spine.
The eﬀect of an oscillatory PA force to the lumbar spinous process has been shown to produce a generalised
extension movement (Lee et al., 1994; Lee and Evans,
1997) as far as T8 (Lee and Svensson, 1993). All the neuromusculoskeletal tissues in the region will therefore be
aﬀected by the oscillatory force; there will be movement of
the interbody and zygapophyseal joints and their accompanying periarticular tissues, as well as local musculature and
neural tissues. Because of this, PA mobilisation treatment is

likely to have widespread eﬀects in a number of tissues. One
suggested eﬀect is reduced paraspinal muscle activity (Maitland et al., 2005; Zusman, 1986).
There is support in the literature that oscillatory joint
movement inﬂuences muscle activity; but it is still unclear
in what direction. Some studies have found a reduction
in spinal motor excitability in the lower limb (Cheng
et al., 1995; Freeman and Wyke, 1967) while in the upper
limb one study found an increase in corticomotor activity
(Lewis et al., 2001) and one a decrease (Edwards et al.,
2002).
While there have been a large number of studies investigating the eﬀect of a spinal manipulative thrust on local
muscle activity (for example DeVocht et al., 2005; Dishman and Burke, 2003; Ritvanen et al., 2007), there have
been only two studies that have speciﬁcally explored the
eﬀect of oscillatory joint mobilisation on local muscle activity; one study on the temporomandibular region and the
other on the cervical spine (Sterling et al., 2001; Taylor
et al., 1994). Both these studies used surface electromyography (sEMG) to measure a change in muscle activity. While
there are limitations of sEMG to isolate particular muscles
(Basmajian and DeLuca, 1985; DeLuca, 1997; Ferdjallah
and Wertsch, 1998; Wolf et al., 1991), it has been demonstrated to accurately record signals from the erector spinae
(Stokes et al., 2003; Wolf et al., 1991).
The sEMG activity of the masseter muscle before and
after oscillatory grade IV distraction mobilisations over
the lower molar teeth was used with 15 subjects with temporomandibular pain and dysfunction (Taylor et al., 1994).
The application of the mobilisation lasted for 3 min (three
repetitions of 1 min duration with 10 s intervals). Following mobilisation there was a statistically signiﬁcant
(p < 0.05) decrease in resting and clenched masseter sEMG
immediately and after 15 min, compared with a placebo
treatment.
The eﬀect of cervical spine mobilisation on sEMG of
sternocleidomastoid in 30 subjects with chronic (3 months
or more) mid to lower cervical spine pain was investigated
by Sterling et al. (2001). sEMG activity of the superﬁcial
neck ﬂexor muscles during the cranio-cervical ﬂexion test
was measured before and after an oscillatory Grade III unilateral posteroanterior mobilisation to the articular pillar
of C5/6 on the subject’s symptomatic side. The mobilisation lasted 3 min (three repetitions of 1 min duration, with
I minute rest period between the applications of pressure).
Following mobilisation, there was a statistically signiﬁcant
(p < 0.0002) decrease in sEMG of both left and right neck
ﬂexor muscles compared to control or placebo conditions.
To further elucidate the eﬀect of spinal joint mobilisation on muscle activity, this study investigated the eﬀect
of lumbar PA mobilisation on paraspinal sEMG of asymptomatic subjects. The lack of information in the literature
concerning the eﬀect of central lumbar posteroanterior
mobilisation on the surrounding musculature led to the a
non-directional experimental hypothesis (Hicks, 1995; Jenkins et al., 1998) that there would be a change in the

magnitude of resting sEMG activity in standing before
and after the application of central lumbar posteroanterior
pressures.
2. Methods
A condition randomised, placebo controlled, repeated measures design was used to identify the diﬀerences in the magnitude
of sEMG activity of the lumbar and thoracic section of the erector
spinae musculature of healthy subjects after applying central
posteroanterior (PA) mobilisation to L3. The L3 level was selected because of its approximate central position in the lumbar
lordosis which suggests that a posteroanteriorly directed force
would mainly translate the vertebra anteriorly (Harms and Bader,
1997; Lee et al., 1990). Ethical approval was obtained from the
University of Brighton Ethics Committee and all subjects gave
informed consent.
2.1. Subjects
Thirty-six subjects, 10 male and 26 female aged between 18 and
48 years (mean 26.8 SD 7.1) participated in the study. Subjects
were included if they were non-disabled, had a body mass index
(BMI) less than 28 kg/m2 and their age was between 18 and 65
years. The BMI limit was chosen to obtain comparable thickness
of subcutaneous tissues between subjects (Lariviere et al., 2000) in
order to enhance the accuracy of sEMG amplitude recordings
(DeLuca, 1997; Ferdjallah and Wertsch, 1998). The upper age
limit was chosen because of the decrease in skin conductivity with
age (Hodges and Bui, 1996), which may have interfered with
sEMG recordings. Exclusion criteria were history of low back
pain within 6 months prior of the study, history of lumbar spine
surgery, osteoporosis, rheumatoid arthritis, lower limb neurological signs and spondylolisthesis.
2.2. Instrumentation, procedure and measurements
With the subject lying prone on an adjustable plinth the
researcher palpated and marked the spinous process of L5, L3
and T10. In an attempt to enhance the reliability and validity of
palpation (Binkley et al., 1995; McKenzie and Taylor, 1997;
Newton and Waddell, 1991), levels were cross-checked in three
diﬀerent ways: ﬁnding T12 by following the last rib, ﬁnding L4
from the level of the iliac crests and ﬁnding L5 by following the
sacrum (Oliver and Middleditch, 1991).
The area to the left of each of the marked locations was
cleaned with isopropyl alcohol and shaved if necessary, in preparation for the electrode attachment. The active bipolar electrodes
(Biometrics SX-230, Biometrics Ltd., Gwent) were attached longitudinally to the skin overlying the belly of the left erector spinae,
3.5 cm laterally of the midline next to the marked levels (Stokes
et al., 2003; Wolf et al., 1991). The ground-reference electrode was
placed around the subject’s left hand. Since the sEMG amplitude
is not signiﬁcantly diﬀerent between left and right sides on healthy
individuals (Lariviere et al., 2000; Mannion et al., 1997) and
because the vertebrae move mainly in the sagittal plane during
central posteroanterior mobilisation (Lee and Evans, 1997;
Powers et al., 2003), it was not deemed necessary to apply electrodes bilaterally.
Electrodes were placed at L5, L3 and T10 to sample sEMG of
erector spinae. Altered muscle activity was expected to occur at

these locations since a central PA on L3 produces movement
between T7 and the sacrum (Lee and Svensson, 1993). The electrodes’ positions were not changed until their removal at the end of
the experiment. To standardise subject position, the head was in
neutral using the plinth face hole and with the arms by their side.
Surface EMG measurements were amplitude normalised to a
standardised activity designed to elicit a stable submaximal voluntary contraction (O’Sullivan et al., 2002). This was performed
because normalisation to a maximal voluntary contraction has
poor reliability (McGill, 1991), and reduces the ability to detect
small changes in levels of motor activity during quiet standing
(Snijders et al., 1995). The normalisation activity was prone-lying
bilateral active knee ﬂexion, in which the heels were raised 20 cm
and held for 5 s (O’Sullivan et al., 2002) (Fig. 1). During this
period, the activity of the erector spinae at the three levels was
recorded. The active bipolar electrodes (Biometrics SX-230, Biometrics Ltd., Gwent) were attached longitudinally to the skin
overlying the belly of the left erector spinae, 3.5 cm laterally of the
midline next to the marked levels (Stokes et al., 2003; Wolf et al.,
1991). Electrodes were of integral dry reusable type. The gain was
set at 1000, the bandwidth was 20–450 Hz, noise was below 5 lV,
input impedance was more than 10,000,000 MX. The supply
voltage was +4.5 Vdc, CMRR at 60 Hz (dB) was higher than
96 dB (typically 110 dB), channel sensitivity was 3 V, the sampling
rate was 1 kHz and the excitation output 4950 mV. To standardise the height of the heel-raise, a wooden height-adjustable
board was used to block the subject’s feet. The distance between
the heels and the board was individually adjusted for each subject
to ensure consistency. After the 5-s recording, the subject lowered
their heels and stood up.
To standardise the standing posture, the participants were
barefoot with arms relaxed and lightly clasped in front of their
body and feet positioned 20 cm apart (O’Sullivan et al., 2002). To
help with the feet positioning, there was a rectangular border on
the ﬂoor made of coloured adhesive tape 20 cm wide. The subject
was asked to stand still for 5 s during which the resting activity of
the erector spinae at the three levels was again recorded. The
above sequence was repeated for each subject in the same order.
Diﬀerent methods have been utilised in the analysis of EMG
signals, including rectiﬁcation, averaging or integration of rectiﬁed signals and the derivation of root mean square (RMS) values
(DeLuca, 1997; Ferdjallah and Wertsch, 1998; Kollmitzer et al.,
1999; McGill et al., 1996; Ng and Richardson, 1994). According

Fig. 1. Normalisation procedure. The subject lay prone with both knees
ﬂexed and pushed their heels (active knee ﬂexion) against a ﬁxed board for
5 s; sEMG recordings were taken at the three spinal levels during this time
period.

to DeLuca (1997), the RMS values are more appropriate measurements of signal amplitude, represent the signal power, and
therefore have a clear physical meaning. In addition, there may be
a linear relationship between RMS EMG and torque of erector
spinae at diﬀerent exertion levels during trunk extension in the
standing position (Tan et al., 1993). Consequently, RMS EMG
was the method of data analysis employed in this study.
In total, ﬁve sets of raw sEMG data were recorded from each
subject. A waveform editing software (Biometrics Datalink) was
used to identify and isolate the third second of the 5-s raw EMG
data recorded in the testing procedure (Ng and Richardson, 1994;
Sterling et al., 2001). After that 1 s was extracted, the above
software was utilised to convert the raw signal to RMS data. The
maximum RMS EMG values were used for subsequent analysis
(Ng and Richardson, 1994; Sterling et al., 2001).
To enable comparison between the conditions (EMG before
and EMG after each of the three experimental conditions), the
RMS EMG data were expressed as a percentage of that recorded
during the normalisation task. The derived percentages were used
to detect any changes in EMG activity between the stages of the
experiment using the appropriate statistical tests.
2.3. Experimental conditions
Following the above, three experimental conditions were
randomly applied to each subject, control (C), placebo (P) and
posteroanterior (PA) mobilisation. The conditions were administered within the same session for each participant. After each
condition, the subject assumed the same erect posture described
earlier and the sEMG activity was re-measured again for 5 s.
The three experimental conditions were:
1. Control: No physical contact between the subject and the
researcher (GK). The participant lay on the plinth for 2 min.
2. Placebo: In prone lie, the researcher placed his right middle ﬁnger on the L3 spinous process for 2 min.
3. Mobilisation: In prone lie, the researcher stood on a force
platform (Kistler, Winterthure) and applied a central posteroanterior mobilisation using the pisiform grip (Maitland
et al., 2005) with an oscillating force from 60 N to 100 N
force, a frequency of 1.2 Hz for 2 min. The sampling frequency for the force platform was set at 10 Hz, with a measuring range from 0 to 180 N. The application of 100 N force
has been shown to produce spinal movement (Keller et al.,
2002; Lee and Svensson, 1993; Lee and Evans, 1992). The
forces applied by the therapist is estimated from the diﬀerence between the vertical ground-reaction force and the
researcher’s body mass, providing an indirect measure of
maximum applied force, minimum applied force and frequency of oscillation. The force platform has been found to
be a valid instrument to quantify these measures during central posteroanterior mobilisation (Petty and Messenger, 1996)
and a visual display in real time guided the researcher to
apply the required oscillatory force. The sampling frequency
for the force platform was set at 10 Hz, with a measuring
range from 0 N to 180 N. A computer connected to the force
platform and Kistler bioware software calculated the mean
minimum and mean maximum forces for each subject. A
metronome was set to 72 beats per minute that corresponded
to 1.2 Hz and guided the speed of oscillation. The period of
2 min and the frequency of oscillation were considered to
be in accordance with current practice.

3. Data management

120

The software package (Bioware) managing the Kistler
platform (Kistler, Winterthure) was used to calculate,
record and store the force data. The SPSS (version 14) statistical software package was used for all analyses. Descriptive statistics (mean, standard deviation and range) were
calculated for the normalised RMS sEMG values at L3,
L5 and L10 for males and females under each experimental
condition. The mean of the normalised RMS sEMG values
at L3, L5 and T10 was calculated for each subject and logarithmically transformed to achieve approximate normality
prior to further analysis. Diﬀerences between the experimental conditions and males and females were investigated
using repeated measures analysis of variance with the
Huynh–Feldt adjustment. Post hoc multiple comparisons
with Bonferroni adjustments were used for pairwise comparisons between conditions. The level of signiﬁcance chosen for this analysis was p < 0.05.
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Fig. 2. Central PA mobilization to L3 for all subjects: mean maximum
and mean minimum forces in Newtons (thick horizontal line), ±1 SD
(shaded rectangle) with upper and lower limits.

4. Results
The individual characteristics (age, height, mass, BMI)
of the participants are summarised in Table 1.
The mean maximum force applied, overall for 36 participants, during the PA mobilisation was 103.3 N (range 96–
110.2 N, SD 3.9 N) and the mean minimum force applied
was 62.2 N (range 54.9–69.2 N, SD 3.2 N) (Fig. 2). The
mean amplitude of force oscillation was 41.1 N (range
32.3–55.6 N, SD 4.96 N).
The descriptive statistics for the normalised RMS
sEMG values at L3, L5 and L10 for males and females
under each experimental condition are given in Table 2.
The repeated measures analysis of variance indicated
that there were signiﬁcant diﬀerences between the experimental conditions (p < 0.001) but not between males and
females (p = 0.156). The interaction between experimental
condition and gender was also not signiﬁcant (p = 0.215)
indicating there was no statistical evidence that gender
aﬀected the diﬀerence in response to the experimental conditions. Pairwise comparisons between the experimental
conditions showed that the mobilisation mean sEMG was
signiﬁcantly lower than either the control or the placebo
means (p < 0.001), and that there was no signiﬁcant diﬀerence between the control and the placebo means. The estimated mean reductions in sEMG value following
mobilisation compared with the control and placebo,
respectively, were 15.5% (95% CI: 8.0–22.5%) and 17.8%
(95% CI: 12.9–22.4%).
Table 1
Demographic characteristics of participants (N = 36)
Age (years)
Height (m)
Mass (kg)
BMI (kg/m2)

Minimum

Maximum

Mean

SD

18
1.6
51
18.9

48
1.9
97.5
27.8

26.8
1.7
67.1
22.5

7.1
0.07
11.4
2.1

5. Discussion
The aim of this study was to determine the eﬀect of lumbar PA mobilisation on paraspinal sEMG of asymptomatic
subjects. This study found that a central PA mobilisation
(with a maximum force of 103.3 N, and an amplitude of
oscillation of 41.1 N) on L3 with a frequency of 1.2 Hz
for 2 min resulted in a statistically signiﬁcant reduction
(p < 0.05) in the average sEMG activity of the erector spinae musculature at L5, L3 and T10 levels compared with
the placebo treatment and the control treatment.
In some respects these ﬁndings are consistent with previous studies. A decrease in resting sEMG of masseter was
found following mandibular distraction mobilisation (Taylor et al., 1994). The only previous study assessing the
eﬀects of spinal mobilisation on sEMG activity was by
Sterling et al. (2001). A decrease in sEMG of the neck ﬂexors was found to occur following a unilateral PA mobilisation at C5/6 for 3 min.
PA mobilisation forces at L3 with a magnitude of
100 N, as used in this study, has been found to cause segmental movement of the lumbar spine and generalised
extension of the spine as far as T7 (Keller et al., 2002;
Lee et al., 1993; Lee and Evans, 1992, 1997; Lee and Svensson, 1993; Powers et al., 2003). It has been proposed that
end-range lumbar PA mobilisation may reduce paraspinal
muscle activity (Zusman, 1986), however the position of
‘end range’ is ambiguous. It is not known whether the
100 N as used in this study is suﬃcient force to reach end
range and in addition it is known that therapists use much
higher forces in clinical practice, up to 350 N (Harms and
Bader, 1997). It is possible that if higher forces had been
used in this study, a greater diﬀerence in sEMG may have
been found between the mobilisation group compared to
the placebo and control group.

Table 2
Mean, standard deviation and range of the normalised RMS sEMG values at L3, L5 and L10 for males and females under each experimental condition
Control

Placebo

Mobilisation

L3

Male (n = 10)
Female (n = 26)

68.0, 39.5 (16.9–139.5)
82.0, 44.8 (17.0–182.0)

75.6, 59.5 (20.3–214.6)
81.8, 44.1 (15.8–174.5)

66.9, 63.7 (15.3–221.9)
66.2, 40.7 (10.3–174.3)

L5

Male (n = 10)
Female (n = 26)

49.2, 29.9 (11.9–104.6)
112.3, 115.0 (26.1–484.3)

50.3, 30.7 (14.5–103.9)
110.4, 109.6 (29.1–425.4)

38.6, 20.2 (11.5–76.6)
91.7, 94.0 (22–366.7)

T10

Male (n = 10)
Female (n = 26)
Male (n = 10)
Female (n = 26)

83.8, 71.1 (11.3–267.2)
101.0, 67.2 (28.2–336.0)
67.0, 35.8 (13.3–144.1)
98.4, 61.6 (30.8–262.4)

86.2,
102.3,
70.7,
98.1,

73.9, 51.0 (11–195.4)
88.8, 66.5 (27.9–326.1)
59.8, 32.5 (18.7–116.9)
82.3, 52.2 (22.6–204.2)

Average at L3, L5 and T10

The PA mobilisation and the placebo treatment involved
force applied to L3. Following mobilisation the greatest
decrease in median sEMG activity relative to the control
was at L3 then L5 then T10 (Table 2). This suggests that
the eﬀect of PA mobilisation may be greatest nearest to where
the force is applied. The reason for this diﬀerence is unclear,
but is consistent with the eﬀects of PA mobilisation on spinal
movement, where greatest movement occurs at the mobilised
level (Lee and Evans, 1997; Lee and Svensson, 1993).
A variety of mechanisms have been proposed to explain
the reduction in muscle activity and the subsequent therapeutic eﬀect of passive joint movement (Zusman, 1986).
Physiological studies on animals have demonstrated that
joint aﬀerent activity causes a reduction in muscle excitability (Baxendale and Ferrell, 1981; Lundberg et al., 1978).
End-range passive movements have been found to have a
hypoalgesic eﬀect (Sluka et al., 2006; Vicenzino et al.,
1996, 1998; Wright and Vicenzino, 1995) and this may then
cause a reduction in muscle activity. Passive movements
may increase muscle spindle activity (Bolton and Budgell,
2006; Cheng et al., 1995; Dishman and Burke, 2003; Lewis
et al., 2001), and at end range stimulate golgi tendon organ
activity (Lundberg et al., 1978), leading to a reﬂex inhibition
of muscle. A reduction in muscle activity following mobilisation may reduce muscle tension on periarticular tissues
leading to reduced joint aﬀerent activity (Grigg, 1976; Millar, 1973; Zusman, 1986) and relief of pain. It is unclear
from this present study, what underlying mechanisms produced the reduction in sEMG activity, although hypoalgesic
eﬀects seem less likely as the subjects were asymptomatic.
There are some limitations to this study. Surface electromyography is not able to select particular muscles due to
cross-talk (Basmajian and DeLuca, 1985; Dimitru et al.,
2001; Farina and Rainoldi, 1999; Sabatino et al., 1992;
Solomonow et al., 1994; van Vugt and van Dijk, 2000;
Wolf et al., 1991) and so it may be that the data obtained
in this study includes activity from other local muscles than
erector spinae. In addition, the subjects were young and
asymptomatic and diﬀering results might well have been
obtained from older and symptomatic people.
6. Conclusion
This study found that a central PA mobilisation (with a
maximum force of 103.3 N, and an amplitude of oscillation

49.6 (38.5–205.4)
68.1 (33.2–332.8)
31.0 (24.7–114.6)
59.0 (31.6–231.9)

of 41.1 N) on L3 with a frequency of 1.2 Hz for 2 min
resulted in a statistically signiﬁcant reduction (p < 0.05) in
the average sEMG activity of the erector spinae musculature at L5, L3 and T10 levels compared with the placebo
treatment and the control treatment.
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