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Motor Training of the Lumbar Paraspinal Muscles Induces
Immediate Changes in Motor Coordination in Patients With
Recurrent Low Back Pain

Henry Tsao, Thomas R. Druitt, Tracie M. Schollum, and Paul W. Hodges

NHMRC Centre of Clinical Research Excellence in Spinal Pain, Injury and Health, School of Health and Rehabilitation

Sciences, The University of Queensland, Brisbane, Australia.

Abstract: Recurrent low back pain (LBP) is associated with altered motor coordination of the lumbar
paraspinal muscles. Whether these changes can be modified with motor training remains unclear.
Twenty volunteers with unilateral LBP were randomly assigned to cognitively activate the lumbar
multifidus independently from other back muscles (skilled training) or to activate all paraspinal mus-
cles with no attention to any specific muscles (extension training). Electromyographic (EMG) activity
of deep (DM) and superficial multifidus (SM) muscles were recorded bilaterally using intramuscular
fine-wire electrodes and that of superficial abdominal and back muscles using surface electrodes.
Motor coordination was assessed before and immediately after training as onsets of trunk muscle
EMG during rapid arm movements, and as EMG amplitude at the mid-point of slow trunk flexion-
extension movements. Despite different intentions of the training tasks, the pattern of activity
was similar for both. After both training tasks, activation of the DM and SM muscles was earlier dur-
ing rapid arm movements. However, during slow trunk movements, DM and SM activity was in-
creased, and EMG activity of the superficial trunk muscles was reduced only after skilled training.
These findings show the potential to alter motor coordination with motor training of the lumbar
paraspinal muscles in recurrent LBP.

Perspectives: Changes in motor coordination differed between skilled and extension training dur-
ing slows trunk movements. As identical patterns of muscle activity were observed between training
protocols, the results suggest that training-induced changes in motor coordination are not simply
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related to the muscle activation, but appear to be related to the task.
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clesis changed in recurrent low back pain (LBP). Ac-

tivity of the lumbar multifidus muscles is delayed
and reduced®3° during postural and functional tasks. In
contrast, activity of the more superficial trunk muscles
is often increased,>'%2%38 3lthough this varies between
individual subjects and between tasks.'®*® The lumbar
multifidus muscles contribute to the control of

Coordination of the deep and superficial trunk mus-
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intervertebral motion.'®?%3” Delayed and reduced

activity of this muscle and concurrent increased activity
of the large superficial muscles are argued to change
spinal loading and movement, which may contribute to
the recurrence of low back symptoms.'® Motor training
interventions that aim to achieve appropriate coordina-
tion between the deep and superficial trunk muscles
have been shown to be effective in the management of
LBP.” Although a previous study showed that motor
training in people with LBP did not restore pain-related
reduction in cross-sectional area of the lumbar multifi-
dus,® it remains unclear whether motor training can
change coordination of these muscles.

One approach to rehabilitation of patients with recur-
rent LBP involves skilled cognitive activation of trunk
muscles to elicit precise patterns of activity.® Skilled
training can improve coordination of the abdominal
muscles during untrained functional tasks. For instance,
immediate3 and persistent®* improvements in postural
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Table 1. Subject Demographics (Mean = SD)

SKILLED TRAINING EXTENSION TRAINING

Age (years) 31 =11 33+13

Sex 5 males, 5 females 4 males, 6 females
Height (cm) 170 £ 9 172 =10
Weight (kg) 68 = 11 70 £ 15
Pain VAS (/10) 51+14 49+1.0
Pain duration (months) Range, 4 - 260 Range, 12 - 216

Abbreviation: VAS, Visual analogue scale.
NOTE. No differences in subject demographics between the 2 training groups
were observed (P > .36).

activation of the deep abdominal muscles are produced
by skilled cognitive activation of these muscles in individ-
uals with recurrent LBP. Changes were not replicated by
motor training that involved activation of all abdominal
muscles in simple movements or bracing tasks without at-
tention to the muscles activated.®32 It is unclear whether
skilled motor training caninduce changesin the deep and
superficial paraspinal muscles, or whether changes in
these muscles depend on the type of motor training
(eg, independent isolated contractions of deep trunk
muscles versus general activation of all trunk muscles).
This study investigated the immediate effects of motor
training of the paraspinal muscles on motor coordination
during untrained tasks. If changes in motor coordination
were induced, we also aimed to examine whether this
was dependent on how the training was performed.

Methods
Participants

Twenty volunteers (11 females, 9 males) with unilat-
eral, non-specific LBP lasting longer than 3 months
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were randomized via cards concealed in consecutive
opaque envelopes into 1 of 2 motor training groups
(Table 1); 1) training that involve cognitive attention to
activate the multifidus muscles independently from the
other back muscles (skilled training) or 2) gentle back ex-
tension to activate all paraspinal muscles together with-
out attention to any muscle (extension training). Fig 1
illustrates subject screening and testing procedures. Sub-
jects were included if they had a history of recurrent pain
that was sufficient to limit activities of daily living. No
subject experienced aggravation of their back pain dur-
ing the experimental tasks. Participants were excluded
if they had any neurological, respiratory, orthopedic or
circulatory disorders, previous spinal or abdominal sur-
gery, pregnancy in the last 2 years, or had undertaken
any form of abdominal or back muscle training during
the past 12 months. The Institutional Medical Ethics Com-
mittee approved the study. Informed consent was ob-
tained for each subject and all procedures conformed
to the Declaration of Helsinki.

Electromyography

Electromyographic (EMG) activity of the deep and
superficial fibers of the lumbar multifidus (also known
as the deep [DM] and superficial multifidus [SM]) was
recorded using bipolar fine-wire electrodes (Teflon-
coated stainless steel wire 75 um diameter with 1 mm
of insulation removed from the ends and bent back by
1 mm and 4 mm). Fine-wire electrodes were inserted
via a hypodermic needle with ultrasound guidance into
the DM and SM muscles adjacent to the L5 spinous
process on both sides.'®?* For DM, the needle was
inserted ~3 c¢m lateral to the L5 spinous process until
the needle reached the most medial aspect of the L5
lamina. For SM, the needle was inserted ~4 cm lateral
to the spinous process until the electrodes were
positioned in the more superficial fibers of multifidus.

Assessed for eligibility
(n=28)

Not meeting inclusion
criteria(n= 5)

Enroliment Refused to participate
(n=3)

Randomised

Allocated to
skilled training (n=10)

|

Single rapid arm task
Slow trunk movement task

|

Skilled training
3sets of 10x 10 s hold

|

Single rapid arm task
Slow trunk movement task

Allocation

Motor
Training

Allocated to
extension fraining (n=10)

|

Single rapid arm task
Slow trunk movement task

l

Extension training
3setsof 10x 10 s hold

l

Single rapid arm task
Slow trunk movement task

Figure 1. Flow diagram of subject screening and experimental protocol.
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Our observations from anatomical specimens suggest
that these locations allow optimal recording from DM
and SM of the lumbar multifidus at this level.

In addition, pairs of surface electrodes (Ag/AgCl disc
electrode, 10 mm diameter, 20 mm electrode spacing;
Grass Telefactor, West Warwick, RI) were placed over
the lumbar erector spinae (LES) 5 cm lateral to the L2 spi-
nous process, thoracic erector spinae (TES) 3 cm lateral to
the T9 spinous process, latissimus dorsi (LD) lateral to T9
over the muscle belly,?" obliquus externus (OE; inferior to
rib angle aligned inferomedially toward the pubis®¥) and
internus abdominis (Ol; medial to anterior superior iliac
spine aligned inferomedially toward the pubis®*) and
rectus abdominis (RA; adjacent to umbilicus®?). As it is
not possible to exclude the contribution of transversus
abdominis (TrA) to Ol recordings,24 we will refer to Ol
as OI/TrA. Surface electrodes were also placed over the
anterior (AD) and posterior deltoid (PD) muscles of the
left arm. A reference electrode was positioned over the
left iliac crest.

EMG data were amplified 2000 times, band-pass fil-
tered between 20 Hz and 1 kHz, and sampled at 2 kHz us-
ing a Power 1401 Data Acquisition System with Signal2
software (Cambridge Electronic Design, Cambridge,
UK). Data were exported for analysis with Matlab 7
(MathWorks, Inc., Natick, MA).
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Procedures

Coordination of the trunk muscles was assessed during
single rapid arm movements and slow trunk movements.
Single arm movements were used to evaluate pre-
programmed activity of the trunk muscles as a compo-
nent of feed-forward postural adjustments.>'2 Subjects
stood with feet shoulder-width apart and were in-
structed to remain relaxed before flexing or extending
their left arm as fast as possible in response to auditory
tones triggered by the experimenter.'® Distinct tones in-
dicated the direction of arm movement. Ten repetitions
of arm flexion and extension were completed in random
order to yield sufficient repeatability of the data (Mose-
ley and Hodges, unpublished data). EMG activity was re-
corded during arm movement before and immediately
after a single session of training. Due to the limitations
in the number of channels available and the need to
record from the AD and PD muscles, RA EMG was not
recorded during arm movements. As onsets of trunk
muscle EMG change with speed of arm movement,'?
angular acceleration of the arm was recorded using an
accelerometer attached at the left wrist.

Subjects also performed slow trunk flexion and exten-
sion movements to evaluate muscle activity associated
with maintenance of trunk stability in the mid upright
position of the spine.* Around the neutral or mid-
position, minimal trunk muscle activity is required to
maintain equilibrium against gravity and the activity in
this position is argued to be the minimum activity re-
quired to maintain stability.* The trunk muscles are criti-
cal in this neutral position as this is where the spine
exhibits the least passive stiffness.?> A rigid frame was
used to fix the pelvis and lower extremity such that
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movements were restricted to the trunk.?® An electronic
inclinometer (Spectron, Ventura, CA) was attached to
a shoulder harness worn by the subject to monitor trunk
movement. EMG activity was recorded during 4 trials
that involved flexion and extension of the trunk. With
arms crossed over the chest, the first trial started from
~20° lumbar flexion and subjects moved slowly to ~20°
extension over a period of ~7 seconds. Verbal instruc-
tions were provided to ensure accuracy of the task. Sub-
jects held their trunk at ~20° extension for ~3 seconds
and then moved slowly in the opposite direction to re-
turn to the flexed starting position, which was held for
~3 seconds. The procedure was repeated. Two practice
trials were allowed for task familiarization. Slow trunk
movement tasks were conducted before and immedi-
ately after the motor training intervention.

To determine targets for motor training, 3 maximal
voluntary isometric lumbar extension contractions
(MVC) were performed. In a semi-seated position, sub-
jects were stabilized around the pelvis and a harness
was placed over their shoulders. The instruction was to
pull backwards as hard as possible and verbal encourage-
ment was provided. The highest root-mean-square
(RMS) EMG for each paraspinal muscle (DM, SM, TES,
and LES) across the 3 MVCs was identified. The target
level of muscle contraction for the training intervention
was set at 5% of the highest RMS EMG for the DM on the
most painful side of the back. This level of activation is
approximately consistent with activity of the lumbar
multifidus muscles during functional tasks such as walk-
ing.?° MVCs for other trunk muscles were also performed
at the end of the experiment. This involved 3 repetitions
of resisted sit-up (RA), left and right trunk rotation (OE
and Ol), forced expiratory manoeuvre (TrA) and shoulder
adduction (LD%).

Motor Training Interventions

Subjects were positioned in prone with arms by the
side and a pillow underneath the legs for comfort. An ex-
perienced musculoskeletal physiotherapist instructed
the subjects to perform 2 training tasks: skilled activation
of multifidus and a simple extension motor training task.

Skilled Motor Training

This intervention involved cognitive attention to acti-
vation of the lumbar multifidus muscles (particularly
the deep fibers) with minimal or no activity of the
more superficial paraspinal muscles. To help train the de-
sired contraction, techniques that included detailed ana-
tomical description, motor imagery, palpation and co-
activation with deep abdominal muscles and/or pelvic
floor muscles were implemented as required to obtain
the best performance that could be achieved by the par-
ticipant. The intensity of voluntary contractions was set
at 5% of DM MVC on the symptomatic side and is consis-
tent with clinical recommendations.?® Substitution or co-
contraction with more superficial spinal extensors was
discouraged and was monitored through palpation and
EMG feedback. Once performance was optimal
(independent contraction of lumbar multifidus with
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minimal superficial paraspinal muscle activity), subjects
held the contraction for 10 seconds and continued
breathing.

Extension Training

This intervention involved no attention to specific
muscles, but rather simple performance of a trunk exten-
sion manoeuvre with DM EMG amplitude matched to
that performed in skilled motor training task (~5% DM
MVCQ). The aim of this training approach was for subjects
to activate all paraspinal muscles with a gentle lift of
their head and upper body. The contraction was held
for 10 seconds while breathing.

All subjects from both training groups completed 3
sets of 10 repetitions with 2-minute rests between each
set. Feedback was provided to the subject with respect
to the intensity and quality of each contraction.

Data Analysis

For rapid arm movements, onsets of trunk and deltoid
muscle EMG were visually identified. Data were coded by
a research assistant such that analysis was performed
without reference to the identity of the subject, muscle,
direction of arm movement, or whether the data was be-
fore or after training. Data were high-pass filtered at 30
Hz to remove movement artifact, and onset of EMG was
selected as the point at which EMG increased above base-
line level. Visual identification of onsets is valid and is less
affected by factors such as increased background activ-
ity.> Onsets of all trunk muscle EMG relative to that of
the prime mover deltoid were calculated.

For slow trunk movements, the electrocardiogram was
removed from EMG data with a modified turning point
filter."* Data were rectified, low-pass filtered at 1 Hz
(4th order Butterworth), and down-sampled to 100 Hz.
The total RMS amplitude of 12 surface EMG recordings
(LES, TES, LD, RA, OI/TrA, and OE) was calculated from
the raw EMG data with respect to trunk angle. As the
study investigated changes before and immediately after
a single session of motor training, and for each muscle
the pre-training data acted as the control, it was not nec-
essary to normalize the data for calculation of aggregate
RMS amplitude. Furthermore, a previous study by Chole-
wicki et al* recorded from the multifidus adjacent to L4/5
spinous process using surface EMG whereas we recorded
from the LD. As the lumbar multifidus is situated close to
the spine and thus argued to function predominantly as
a stabilizer of the spine,'®2%37 we elected to record from
the LD bilaterally. The minimum value of this aggregate
RMS vector (RMS,,,) is argued to occur at the mid
position of the spine and represents the minimum
intensity of trunk muscle co-activation required for me-
chanical stability of the spine.? The RMS i, was averaged
over the 2 trials and a ratio of the post- to pre-training
RMS, i values was calculated. In addition, the trunk an-
gle corresponding to the RMS,,;, value was identified as
the subject’s neutral or mid position. At this position, the
raw EMG amplitude for each individual muscle was cal-
culated from surface and intramuscular recordings, aver-
aged across the 2 trials for each movement direction, and
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normalized to peak RMS EMG (identified over a 1-second
period) during MVC contractions.

The amplitude of EMG activity of the trunk muscles
during performance of skilled and extension training
was also evaluated. EMG data were high-pass filtered
at 30 Hz. RMS EMG for each muscle over a 3-second pe-
riod was calculated around the time of peak activity in
the initial 5 contractions of the first set, and the final 5
contractions of the third set of motor training. This was
normalized to the peak RMS EMG recorded during
MVCs.
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Statistical Analysis

Onsets of all trunk muscles relative to prime mover
deltoid during rapid arm movements were compared
between trials before and immediately after motor train-
ing using a repeated-measures analysis of variance (AN-
OVA) with 2 repeated measures (time: pre- vs post-
training; arm-direction: flexion vs extension) and 3 inde-
pendent factors (arm-side [ipsilateral vs contralateral to
moving arm], pain-side [pain vs non-pain side], and train-
ing [skilled vs extension]). Significant main effects and in-
teractions were further analysed with post hoc testing
using Duncan multiple range test. To evaluate changes
in RMS,,in during slow trunk movement, the ratio of
values were compared betweeninterventions with a t test
for independent samples. Each intervention was also
compared with no change (ratio = 1) with a t test for
single samples. To investigate changes in the activity of
individual trunk muscles at the RMS,,;, trunk angle, nor-
malized RMS EMG were compared using a repeated-
measures ANOVA, with time and trunk-direction (flexion
to extension or extension to flexion) as repeated mea-
sures, and muscle and training as independent measures.
In addition, normalized EMG amplitudes collected dur-
ing both training tasks were also compared between
initial and final contractions, between training groups
and between muscles using repeated measures AN-
OVA. As the study was largely exploratory in nature,
we considered any adjustment for multiple compari-
sons too conservative. Thus, the significance level was
set at .05.

Results

Rapid Arm Movements

Figs 2 and 3 show EMG onsets during rapid arm
movement tasks before and immediately after motor
training interventions. Activation of all trunk muscles
except the LD was earlier during arm flexion compared
with extension tasks (interaction for arm-direction x
muscle: F(1,6) = 6.94, P < .001, post hoc for all muscles P
<.007 except LD P = .09). No difference in EMG onsets
was found between pain and non-pain side (main effect
for pain-side: F(1,1) = .50, P = .48), or between muscles
contralateral and ipsilateral to the arm moved (main ef-
fect for arm-side: F(1,1) = 1.27, P = .26).

After a single session of exercise (either skilled or
extension), EMG activity in the SM and DM muscles was
earlier (interaction for time and muscle: F(1,6) = 3.48,
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Figure 2. Skilled training: Onset of trunk muscle EMG relative to onset of prime mover deltoid (vertical dotted line) during arm flex-
ion (top panel) and extension (bottom panel) for muscles contralateral (left panel) and ipsilateral (right panel) to the arm that was
moved. Mean and 95% confidence intervals for muscles on the pain (A) and non-pain side (B) are shown. Note earlier EMG onset
of most muscles after training. OE, obliquus externus abdominis; OI/TRA, obliquus internus abdominis/transversus abdominis; LD,
latissimus dorsi; TES, thoracic erector spinae; LES, lumbar erector spinae.

P = .003; post hoc P < .036). The onset of OI/TrA EMG
was also earlier following both motor training tasks
(P = .026). However, this was not observed when pain-
side or arm-side was added to the interaction (interac-
tion for time, muscle, and pain-side: F(1,6) = .22,
P = .97; interaction for time, muscle and arm-side:
F(1,6) = .58, P=.75). Changes were not different between
skilled and extension training groups (main effects for
training: F(1,1) = .08, P =.77).

No difference in peak arm acceleration was found be-
tween training groups (main effect for training: F(1,1) =
1.10, P=.31), or between pre- and post-training trials for
arm flexion (interaction for time and arm-direction:

F(1,1) = .34, P = .669; pre-training [averaged across train-
ing groups]: 2329 = 582°/s; post-training: 2157 = 743°/s)
and extension tasks (pre-training: 1811 = 463°/s; post-
training: 1725 + 497°/s). This suggests that the arm was
moved in a similar manner between training groups,
and before and after motor training.

Slow Trunk Movements

In most subjects, muscle activity switched between
flexors and extensors in the upright position during
slow trunk movements (Fig 4). However, in 2 subjects (1
from each intervention group), no reduction in flexor
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Flexion Ipsilateral Contralateral Ipsilateral Contralateral
Ml R R s
=3 =3 = =
s 2 i af o R
' = e =<}
0 == > =} =
oA g Lo cul = .
o g e = =
Extension ) ) )
oA == = e 18
oMo TN el e e~
1 . P o
TES | A o e o =
o = L = o)
oA e o i 5= e
e = = Ry =

-100 0 100 200 300 -100 O 100 200 300 -100 O 100 200 300-100 O 100 200 300

Time (ms) Time (ms)

Time (ms) Time (ms)

Figure 3. Unskilled extension training: Onset of trunk muscle EMG relative to onset of prime mover deltoid (vertical dotted line)
during arm flexion (top panel) and extension (bottom panel) for muscles contralateral (left panel) and ipsilateral (right panel) to
the arm that was moved. Mean and 95% confidence intervals for muscles on the pain (A) and non-pain side (B) are shown. After
extension training, earlier EMG onsets of the most muscles were observed. OE, obliquus externus abdominis; OI/TRA, obliquus inter-
nus abdominis/transversus abdominis; LD, latissimus dorsi; TES, thoracic erector spinae; LES, lumbar erector spinae.
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Figure 4. Representative data a single subject from each train-
ing group during slow trunk movements before (left panel)
and immediately after (right panel) skilled (A) and extension
training (B). Bold lines represent the aggregate RMS superficial
muscle activity. Thin solid lines represent activity of superficial
back muscles (thoracic erector spinae [TES], lumbar erector
spinae [LES], latissimus dorsi [LD]). Arrows indicate time of
minimum RMS EMG amplitude. Thin dashed lines represent
abdominal muscles (rectus abdominis [RA], obliquus externus
[OE], and obliquus internus abdominis/transversus abdominis
[OI/TRA]). Note reduced minimum aggregate RMS muscle activ-
ity after skilled training.

and extensor activity was observed as the trunk moved
through the neutral position. As the minimum point
could not be identified, the data for these subjects
were excluded from group analysis.

After a single session of skilled training, the minimum
aggregate superficial muscle activity (RMS,,;,,) recorded
during slow trunk movements was reduced (Fig 5). That
is, the ratio of post- to pre-training RMS,;, was less
than 1 (P = .04). In contrast, no change in RMS,;, was
observed after extension training. The RMS,,, ratio
was lower in the skilled training group compared with
the extension training group (P = .05).

When EMG amplitude at the RMS,,;,, position was eval-
uated for each muscle (Fig 6), no changes were observed
in the activity of any individual superficial trunk muscles
(recorded with surface electrodes) at the RMS,,,;, position
(significant interaction between direction, time, muscle,
and training: F(1,15) = 2.02, P = .023; post hoc: P > .06).
Thus, although net activity of the superficial trunk mus-
cles decreased, there was no systematic decrease for
any individual muscle. After skilled training, SM and
DM amplitude on the pain side was greater (post hoc: P
< .001). However, after extension training, activity of
the SM and DM muscles on the pain side was reduced
(post hoc: P < .034). These changes were only evident
during extension to flexion trials (Fig 6A) and were not
observed on the non-pain side (post hoc for DM and
SM on non-pain side: P > .10; Fig 6B).
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Figure 5. Aggregate superficial trunk muscle EMG activity ex-
pressed as the ratio of post-training to pre-training RMS,;, for
each training group. Mean and 95% confidence interval are
shown. Values less than 1 denote a reduction in aggregate
EMG activity with training. Note reduced activity in skilled train-
ing group post-intervention and compared with the extension
training group. *P < .05.

Motor Training Intervention

Fig 7 shows the amplitude of RMS EMG for the paraspi-
nal muscles during skilled and extension training. De-
spite different instructions and intentions of the tasks,
there were no differences in amplitude of paraspinal
muscle activation between muscles (main effect for mus-
cle: F(1,7) = 2.80, P=.14), training groups (main effect for
training: F(1,7) < .97, P > .36) or between the first 5 and
last 5 contractions (main effect for initial vs final contrac-
tions: F(1,1) = .16, P = .69; Fig 7).

Discussion

The findings suggest that training can induce changes
in motor coordination but this is more dependent on the
“intention” of motor training rather than the “actual”
pattern of muscle activation. Skilled training induced
earlier and greater activity of the lumbar multifidus mus-
cles, and reduced aggregate activity of the superficial
trunk muscles during slow movements. Although onset
of EMG of lumbar multifidus was also earlier after exten-
sion training, there were no changes in activity during
the slow trunk movement task. These findings further
unravel the understanding of the possible mechanisms
for efficacy of motor rehabilitation in patients with
recurrent LBP.

Temporal Activation of the Trunk
Muscles in Patients With Recurrent Low
Back Pain Can Be Trained

Previous studies show that in healthy individuals, ear-
lier activation of the DM is observed compared with
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Figure 6. Normalized EMG amplitude recorded at the neutral trunk position from trunk muscles on the pain (A) and non-pain side
(B). Group mean and 95% confidence interval of trunk extension to flexion trials (circles) and flexion to extension trials (squares) are
shown pre-training (white) and post-training (black). Note increased activation of the deep (DM) and superficial multifidus (SM) on
the pain side after skilled training but reduced activity after extension training. *P < .05. RA, rectus abdominis; OE, obliquus externus
abdominis; OI/TRA, obliquus internus abdominis/transversus abdominis; SM, superficial multifidus; TES, thoracic erector spinae; LES,

lumbar erector spinae; LD, latissimus dorsi.

that of the SM during rapid arm movement tasks.? In pa-
tients with unilateral LBP, we observed similar onsets for
DM and SM on the pain side rather than before SM,
which suggests a delay in activation of the DM muscles.
This is consistent with previous findings for multifidus'®
and other deep trunk muscles such as transversus abdom-
inis.’? The only difference from earlier data was that the
onsets of DM and SM were similar on the non-pain side,
which was not observed by MacDonald et al.”® As the
methods and subject population in that study were sim-
ilar to the current study, the findings may demonstrate
variability of muscle responses in patients with recurrent
LBP.

Assingle session of skilled motor training was sufficient
to induce earlier postural activation of the lumbar multi-
fidus muscles in patients with recurrent LBP. This mirrors
previous findings in skilled training of the abdominal
muscles.333* However, earlier onset of the lumbar
multifidus EMG after a single session of unskilled
extension training was also observed. This appears to
contrast previous data for the other muscles, which
showed that simple flexion training (which activated all
abdominal muscles) did not lead to earlier onset of the
deep abdominal muscles during some movements.>® It
is interesting to note that similar changes were observed
between the SM and DM after motor training. It is likely
that similar changes are due to similar amplitudes of ac-
tivation between the SM and DM during motor training.

Skilled Training of DM Led to Differential
Effects on Deep and Superficial Trunk
Muscles in Slow Trunk Movements

The goal of skilled training is to reduce activity of the
superficial trunk muscles, which may increase the contri-
bution of the deep trunk muscles during functional
tasks. After a single session of skilled training of the lum-
bar multifidus but not unskilled extension training,
greater EMG activity of the SM and DM muscles and re-
duced aggregate EMG activity of the superficial trunk

muscles were observed around this mid-position during
movements from trunk extension to flexion. The co-
contraction of flexor and extensor muscles in the neutral
position is argued to reflect a functional strategy to en-
sure spinal stability.* Changes in coordination of the
trunk muscles in the mid position may represent reorga-
nization of the strategy used by the nervous system for
spinal control. Conversely, it is possible that skilled
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Figure 7. Amplitude of EMG activity (normalized to maximum
voluntary contractions [MVC]) during the first and third set of
skilled (black) and extension motor training (white). Mean and
95% confidence intervals are shown. No difference in EMG activ-
ity was found for all paraspinal muscles between training inter-
ventions. DM, Deep multifidus; SM, superficial multifidus; TES,
thoracic erector spinae; LES, lumbar erector spinae; RMS, root-
mean-square. *P < .05.
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training involved a greater intention to reduce activity of
the superficial trunk muscles, which may result in in-
creased demand for activity of the deeper trunk muscles.
One interpretation is that the demand for co-activation
of superficial trunk muscles is reduced when recruitment
of the lumbar multifidus muscles is increased. Interest-
ingly, when the 12 superficial muscles monitored with
surface EMG were examined individually, none showed
a systematic response to skilled training intervention
across subjects, despite a reduction in aggregate activa-
tion. Such variation between subjects is not surprising
given the heterogeneity of low back disorders and the
redundancy in the motor system (ie, many options to
control the trunk). This further illustrates that spinal con-
trol is dependent on the coordination of an array of
trunk muscles.?? Notably, a variety of motor strategies ex-
ist for stabilization of the spine*?® and individual
subjects adopt a unique strategy in LBP."" As we investi-
gated changes in aggregate RMS activity before and af-
ter motor training, it is unlikely that differences in motor
strategy employed between each individual would influ-
ence the current findings.

In contrast, reduced activity of lumbar multifidus mus-
cles was found after unskilled extension training, with no
changes in aggregate activity of the superficial trunk
muscles. These changes differed to that after skilled train-
ing, despite the fact that participants used similar pat-
terns of trunk muscle activity for both training
protocols. One interpretation is that differencesin the re-
sponse to training may be mediated by differences in the
cognitive “intention” of the 2 training tasks. That is,
skilled training involved greater attention to specific
muscles (ie, lumbar multifidus) compared with extension
training. Cognitive factors are argued to be critical to im-
prove the execution of motor tasks and facilitate the
transfer of skills to untrained tasks.'® Previous studies
demonstrate skilled cognitive training induces greater
improvements in motor performance than motor train-
ing that involves predominantly strengthening.?’ This is
argued to berelated to greaterreorganization of the mo-
tor system after skilled compared with non-skilled train-
ing,"> 731 which may contribute to the coordination of
muscle activation during functional tasks.3? Regardless,
if the lumbar multifidus provides an important contribu-
tion to spinal control,"*3” reduced activation of this
muscle (as observed in the extension training group)
may compromise lumbar intervertebral control.

Implications of Postural Control in LBP
People with LBP exhibit an abnormal strategy of spinal

control with impaired recruitment of the lumbar multifi-

dus and increased co-activation of the superficial trunk
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