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Abstract: Eight decades after Penfield’s discovery of the homunculus only sparse evidence exists on
the cortical representation of the lumbar spine. The aim of our investigation was the description of the
lumbar spine’s cortical representation in healthy subjects during the application of measured manual
pressure. Twenty participants in the prone position were investigated during functional magnetic reso-
nance imaging (fMRI). An experienced manual therapist applied non-painful, posterior-to-anterior
(PA) pressure on three lumbar spinous processes (L1, L3, and L5). The pressure (30 N) was monitored
and controlled by sensors. The randomized stimulation protocol consisted of 68 pressure stimuli of 5 s
duration. Blood oxygenation level dependent (BOLD) responses were analyzed in relation to the lum-
bar stimulations. The results demonstrate that controlled PA pressure on the lumbar spine induced sig-
nificant activation patterns. The major new finding was a strong and consistent activation bilaterally in
the somatosensory cortices (S1 and S2). In addition, bilateral activation was located medially in the
anterior cerebellum. The activation pattern also included other cortical areas probably related to antici-
patory postural adjustments. These revealed stable somatosensory maps of the lumbar spine in healthy
subjects can subsequently be used as a baseline to investigate cortical and subcortical reorganization in
low back pain patients. Hum Brain Mapp 35:3962–3971, 2014. VC 2014 Wiley Periodicals, Inc.

Key words: fMRI; functional spinal units; spinal stimulation; somatosensory cortex; postural control

r r

INTRODUCTION

The illustration of the so-called homunculus provides a
topography of the body surface related to the stimulation
of discrete parts of the brain [Penfield and Boldrey, 1937;
Penfield and Rasmussen, 1950]. That seminal work was

one of the first to localize the “back” in the primary soma-
tosensory cortex (S1) on the convexity of the postcentral
gyrus between the hip and the shoulder. Eight decades
later, only sparse evidence exists on the cortical represen-
tation of the back. To our knowledge, only three neuroi-
maging studies have investigated the cortical organization
of the lower back in healthy subjects and cortical reorgan-
ization in low back pain (LBP) patients [Flor et al., 1997;

Kobayashi et al., 2009; Lloyd et al., 2008]. The first study

used magnetoencephalography (MEG) to measure brain

activity induced by intracutaneous electric stimuli to the

left side on the lower back at nonpainful and painful

intensities in a control group and LBP patients [Flor et al.,

1997]. The stimulation revealed contralateral cortical activ-

ity in S1 in both groups, but in patients the activity was

stronger and localized more medially compared to the
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controls. The second study, using functional magnetic res-

onance imaging (fMRI), described the cortical representa-

tion of low back stimulation in healthy subjects and LBP

patients [Lloyd et al., 2008]. They used unpleasant stimula-

tion by mechanical plate vibration located bilaterally on

the lower back. In the control group, activation was

revealed in S1, the secondary somatosensory area (S2) and

the inferior parietal, temporal and insular cortices, but

only in the right hemisphere, even though the stimulation

was bilateral. In the third study, an unpleasant paraverte-

bral mechanical compression was applied on the left side

of healthy subjects and chronic LBP patients while brain

activation patterns were recorded using fMRI. For the

healthy subjects, activation was only found in the premo-

tor cortex. This investigation did not show any activation

in S1 for neither healthy subjects nor LBP patients. How-

ever, the activation pattern was stronger in LBP patients

[Kobayashi et al., 2009]. The question remains whether

directly tackling functional spinal units (FSUs), the small-

est physiological motion entity of the lumbar spine, reveals

strong and consistent brain activation patterns. The objec-

tive of this explorative study was to describe the cortical

representation of the lumbar spine in healthy participants

during the manual application of nonpainful posterior-to-

anterior pressure onto lumbar vertebrae directly by using

fMRI with a whole brain approach.

MATERIALS AND METHODS

Participants

Twenty right-handed healthy subjects (14 females, mean
age of 35 6 13.4 years) participated in this fMRI study.
Exclusion criteria were low back pain within the last 6
months, history of neurological, psychiatric and presence
of indwelling metal or medical devices incompatible with
fMRI. All participants signed a consent form after the
study and the investigative procedures had been
explained. The study was approved by the Canton of Zur-
ich’s Ethics Committee and was conducted in compliance
with the declaration of Helsinki. Participants were com-
pensated for travel expenses and the burden of
participation.

Experimental Procedures

Prior to the fMRI experiment, the participant’s first,
third and fifth spinous processes of the lumbar vertebrae
(L1, L3, L5) were palpated and the skin subsequently
marked with a dermatograph. These particular spinous
processes were selected based on the segmental overlap-
ping innervations of neighboring vertebrae [Bogduk, 1983;
Bogduk et al., 1982]. Anatomically, two adjacent vertebrae
are forming an FSU, a complex functional entity including
disc, ligaments and zygapophysial joints. The entire spine

is functionally divided in FSUs, each consisting of similar
biomechanical characteristics [Panjabi, 2003]. Furthermore,
mechanosensory afferents from FSUs are important in pos-
tural control and movement [Izzo et al., 2013; Sjolander
et al., 2002].

The participants were scanned in prone position
[Kobayashi et al., 2009], lying face down on a special pil-
low (adapted Posifix Prone Headrest pillow) that was
designed to allow normal breathing, prevent head move-
ments and provide maximal comfort. Foam padding was
placed between the subject’s head and the MRI head coil
and straps were attached around the shoulder girdle (Fig.
1a).

The stimulus consisted of a nonpainful pressure exerted
with a thumb grip over a small flat circular plate placed
perpendicularly to the spinous processes of either L1, L3,
and L5 (Fig. 1b). The stimulation induced a posterior-to-
anterior (i.e., dorso-ventral) intervertebral movement (PA).
This technique is one of the most commonly applied man-
ual techniques for assessment of spinal movement (joint-
play) and spinal treatment [Snodgrass et al., 2006]. To min-
imize the variability of the stimulation, all experiments
were performed by the same experienced manual therapist
(BB). In addition, pressure stimulation onto the carpometa-
carpal joint of the right thumb was performed as a control
for the cortical representation.

To control for equal pressure, four force sensors (Fig. 1c,
FlexiForceVR Sensors, Tekscan) were attached to the previ-
ously marked spinous processes (Fig. 1b) and the thumb.
The sensors were composed of resistive sensors and an
amplifier that transformed the resistive changes in an
appropriate voltage signal. The signal was digitalized by a
micro controller (1 KHz) and sent to a personal computer.
The applied PA pressure was 30 N. That force affirmed
that the spinal movement was at the beginning of the
range, free of resistance and preventing adverse effects
[Snodgrass et al., 2006].

The event-related fMRI experiment consisted of 68 stim-
uli of 5 s duration each and with a randomized interstimu-
lus interval (ISI) of 6–8 s. The experimenter followed a
randomized stimulation protocol with an equal number of
stimulations (N 5 17) per vertebral level, using the thumb
as a control (Fig. 1d). During the ISI, the instructions with
the stimulation level (L1, L3, and L5) was projected onto
the screen in front of the experimenter in the MR room
and followed by the START signal. During the stimulation,
the applied force was displayed on screen, thus the experi-
menter could continuously adjust the pressure on the vis-
ual feedback. The end of the stimulation period was
indicated by a projected STOP signal.

Data Acquisition and Analysis

A 3-T (Philips Ingenia, Best, The Netherlands) blood-
oxygen-level dependent (BOLD) sensitive single-shot gra-
dient echo planar imaging sequence was used to acquire
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32 axial whole brain slices, with a 15-channel receive-only
head coil. Parameters were as follows: echo time 5 30 ms,
flip angle 5 75�, repetition time 5 2,600 ms, slice
thickness 5 4 mm, inter-slice gap 5 0 mm, field of view-
5 220 mm, and matrix size in plane 5 128 3 128, resulting
in a voxel size of 1.72 3 1.72 mm2. Three dummy scans
were first acquired to reach steady-state magnetization
and were subsequently discarded. A single run with 341
functional images was performed and the complete scan-
ning phase of lasted about 15 min. SPM8 (http://www.fi-
l.ion.ucl.ac.uk/spm) software package running on
MATLAB R2011b was used for functional voxel-by-voxel
analysis. In a first step, spatial realignment to the first
image in the series as reference was performed. Afterward,
it was assured that any detected movement did not exceed
2 mm (translational) or 1� (rotational) in relation to the ref-
erence. For studying group effects, data were normalized
to the MNI (Montreal Neurological Institute) template
brain [Evans et al., 1992] followed by smoothing with a
Gaussian kernel of 6 mm FWHM.

To reveal significant changes in cortical activity associ-
ated with distinct lumbar and thumb stimulations first
level analyses were performed on each subject’s data ver-
sus baseline (no stimulation) by means of the general lin-
ear model, using the hemodynamic response function
implemented in SPM8. Regressors were separately set to
the onset of L1, L3, L5 and thumb stimulation with dura-
tion of 5 s. To control for possible head movement effects,
individual movement parameters (translations in the x, y,
and z direction, as well as rotations around the x, y, and z
axis) were implemented in the first level model as regres-
sors of no interest. Statistical parametric maps were then

calculated, yielding beta estimates of the model fit for each
subject and condition.

Using a random effect model, the second level group
activations were computed for the L1, L3, and L5 activa-
tion maps. A subsequent repeated measures ANOVA was
performed to investigate whether the cortical representa-
tion of the various levels could be distinguished. Addition-
ally, a group statistical map was calculated on the pooled
FSU stimulations (L1, L3, and L5) in a random effects
model using one sample t tests. Resulting voxel T values
were color-coded and superimposed onto the MNI tem-
plate brain [Evans et al., 1992]. All results were thresh-
olded at P< 0.05 and corrected for multiple testing (family
wise error correction, FWE) with a voxel extent of 10
voxels.

ROI Analysis

In a subsequent ROI analysis, the voxel space was lim-
ited to the S1 region, comprising the probability maps of
the subareas 3a, 3b, 1, and 2 [Eickhoff et al., 2005]. To
identify activation within S2 in the parietal opercular
region (OP), a volume of interest, covering the subregions
OP1, OP2, OP3, and OP4, was used [Eickhoff et al., 2006,
2007]. Masks were taken from the probabilistic Juelich His-
tological Atlas (included in FSLview version 3.1: http://
www.fmrib.ox.ac.uk/fsl/). Voxels were included in a
mask if the probability for belonging to the desired struc-
ture was P> 0.25. Within these ROIs, for each subject and
FSU stimulation level the center of mass (COM), peak of
activation (POA) and activation overlap (AO) were

Figure 1.

Experimental set-up and fMRI paradigm. (a) Participant in prone position with the face lying on a

special pillow. Lumbar stimulation applied on L1, L3, and L5. (b) Thumb grip for pressure on sen-

sors. (c) Sensors from the lower surface. (d) Protocol of the fMRI experiment with timing and

random order of stimulation sites.
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calculated in the MNI space [Plow et al., 2010]. For the
COM and POA measures separately, a repeated measures
ANOVA was then computed with the factors coordinates
(x, y, z) and “vertebral level” (L1, L3, L5), using the soft-
ware SPSS 20. The 3D Euclidean distance between two
individual COM for L1, L3, and L5 were computed using
the following distance formula d(x,y,z), (x,y,z) 5

�(x 2 x)2 1 (y 2 y)2 1 (z 2 z)2. The significance level was set
to p < 0.05.

RESULTS

PA stimulation on the lumbar vertebrae induced a sig-
nificant increase in the BOLD signal intensity in many
cortical areas and the cerebellum. The results of the indi-
vidual subjects, as well as the group analysis in S1 and S2,
are first reported, followed by other brain regions.

Functional Organization of S1 and S2

The application of PA pressure on lumbar vertebrae L1,
L3, and L5 revealed bilateral neuronal activity in S1 on the
convexity of the postcentral gyrus which is consistent with
the expected location in the somatosensory homunculus
(Table I, Fig. 2). The clusters on the right side were larger
than in the left hemisphere. On the right hemisphere an
81% activation overlap between L1 and L3 and 76% over-
lap between L1 and L5 was observed. In the left hemi-
sphere the overlap between L1 and L3 was 63 and 59%
between L1 and L5. The mechanical stimulation on the

thumb, revealed only activation in the left convexity of the
postcentral gyrus, posterior to the motor hand representa-
tion known as the hand knob [Yousry et al., 1997].

In the ROI analysis, the mean coordinates with standard
deviations of individual COM and the POA were com-
puted for the 20 subjects and listed in Table II. COM
measures point towards a low cortical intersubject variabil-
ity within the different vertebral levels. The repeated
measures ANOVA of the COM data did not reveal signifi-
cant differences between the coordinates of the three lum-
bar vertebrae representations in both hemispheres. The 3D
Euclidian distances based on the COM measures between
L1 and L3 was 2.38 mm (SD 1.27), between L3 and L5 was
2.76 mm (SD 1.05) and 2.06 mm (SD 0.73) between L1 and
L5, which corresponds to <1.4 voxels on the x, y, and z
axis. As displayed in Figure 2, the lumbar vertebrae are
not arranged in a medial-to-lateral topography as L3 is
positioned below L1 and L5. The POA coordinates
revealed a larger variability compared to the COM data
and similarly no statistical differences were revealed by
the repeated measures ANOVA. The representation of the
thumb showed the largest variability for the COM coordi-
nates (Table II).

Pressure on the lumbar spine induced bilateral activa-
tion in S2, distributed within all four OP subregions. Fur-
thermore, those large clusters extended into the insular
cortex. That anatomically contiguous region has previously
been named the operculo-insular cortex [Mazzola et al.,
2012]. Similar as in S1 the S2 activation was larger in the
right hemisphere (right 1687 voxels versus left 323 voxels,
Table I, Fig. 3).

TABLE I. Coordinates (in MNI standard brain space) of significant cluster maxima, t values, and volumes in the

group analysis for pooled PA stimulation of L1, L3, and L5 versus baseline (FWE-corrected, P < 0.05, voxel extend

threshold 5 10)

Region Left/right Cluster size

Peak

t value X Y Z

Postcentral gyrus (S1) R 834 10.64 18 236 66
L 137 6.39 216 246 68

Operculo-insular cortex R 1008 47.6 32 220 10
L 96 20.4 244 234 20

SMA R/L 834 7.03 0 218 66
Posterior ACC R 105 7.91 10 36 20

L 94 6.94 212 38 18
Anterior MCC R 93 7.68 12 26 32

L 90 7.12 212 22 32
Posterior MCC R 129 8.12 8 210 40

L 108 7.37 210 210 36
Middle frontal gyrus L 120 8.28 220 48 28
Cerebellum Larsel II-III R 33 7.03 8 246 214

L 53 8.22 28 244 216

Abbreviations: S1, primary somatosensory cortex; SMA, supplementary motor area; ACC, anterior cingulate cortex; MCC, medial cingu-
late cortex; Larsel 5 Larsel lobule; L 5 left; R 5 right; L/R 5 bilateral.
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Activation in Other Brain Areas

The repeated measures ANOVA did not reveal signifi-
cant differences for the localization of the vertebral levels
in other brain areas. The pooled data of mechanical PA
pressure revealed bilateral activation in the supplementary
motor area (SMA; Table I and Fig. 3). Several bilateral
clusters of activation were detected in cingulate regions
and middle frontal cortex. As reported for the somatosen-
sory cortices, cluster sizes were always larger in the right
hemisphere. Subcortically, significant bilateral activation
was revealed in the medial anterior cerebellum (Larsel
lobules II–III, Table I and Fig. 3).

DISCUSSION

In this study, we investigated the neural correlates of a
nonpainful, force controlled mechanical stimulation
directly onto lumbar vertebrae in healthy participants that
lie in prone position. The results demonstrate that con-
trolled posterior-to-anterior pressure induced significant

activation patterns. Major new findings include a strong
and consistent activation bilaterally in S1 and extensive
activation in S2 and the insular cortex. In addition, bilat-
eral activation was located medially in the anterior cerebel-
lum. Furthermore, the activation pattern included other
cortical areas, disclosing a large sensorimotor network for
the trunk, probably related to postural control.

The applied PA pressure on lumbar vertebrae in healthy
subjects revealed strong and robust bilateral activation in
S1. The activation occupied bilaterally the appropriate
topographic representation of the stimulated body part
within the convexity of the postcentral gyrus, in accord-
ance with the homunculus of Penfield [Penfield and Bol-
drey, 1937; Penfield and Rasmussen, 1950]. Similar
coordinates have been reported for unpleasant mechanical
stimulation of the lower back in the right hemisphere
[Lloyd et al., 2008], and brushing of the lower abdomen
and penis revealed activation in an adjacent position [Kell
et al., 2005]. Accordingly, the localization of the thumb
used as the control stimulation was found more laterally,
opposite to the stimulation site and consistent with recent
data on tactile thumb stimulation [Martuzzi et al., 2012].

Figure 2.

Group activations in S1 regions of interest (ROIs) during PA

movement for L1, L3 and L5. (a) Lumbar spine with indication of

stimulated lumbar vertebrae in the same color code as illustrated

in the activation patterns. (b) Brain activations in healthy subjects

during PA movements of lumbar vertebrae L1, L3, and L5 (ran-

dom-effects analysis, P< 0.001, uncorrected, voxel extend thresh-

old 5 10). All activations are rendered on the surface of the MNI

template image displaying axial (above), frontal (middle) and sagit-

tal (lower) sections. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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In nonhuman primates, recordings of single neuronal
activity have revealed bilateral receptive fields related to
midline structures in S1 [see review by Iwamura et al.,
2002]. Together with findings based on retrograde labeling,
transcallosal as well as thalamocortical projections seemed
to be responsible for the activation in the ipsilateral hemi-
sphere [Conti et al., 1986; Jones and Hendry, 1980]. In
humans, fMRI studies investigating unilateral tactile trunk
stimulation of either body-side showed robust bilateral
responses within the SI trunk representation [Eickhoff et al.,
2008; Fabri et al., 2005] as well as in all S2 subregions [Eickh-
off et al., 2008]. Similar activations in callosotomized
patients indicate that bilateral cortical trunk representation
is at least partially independent of callosal connections
[Fabri et al., 2006].The integration of sensorimotor informa-
tion across the midline at the cortical level is essential for
the body parts for which bilateral neuromuscular control is
mandatory, such as oral structures [Disbrow et al., 2003]
and the trunk’s musculoskeletal system [Tsao et al., 2008].

In contrast to the fMRI studies described above, the
present investigation directly stimulated midline structures
of the lower back. In all cortical regions, larger clusters of
activation were found in the right than in the left hemi-
sphere. Interestingly, in the study of Lloyd et al. [2008]
bilateral stimulation of the lower back in healthy subjects
only revealed activation in the right hemisphere. Right
sided lateralization has not been observed in tactile trunk
stimulation. Together those data suggest a specific organi-
zation of the proprioceptive processing for the lower back.

PA pressure revealed in single subjects COM analysis a
remarkable robustness of individual somatotopic maps as
confirmed by the quite small standard deviations of the
coordinates across the 20 participants. In contrast, COM
analysis of the thumb activation revealed more widely dis-
tributed activations, a finding concurrent with a study
showing tactile finger representation with larger standard
deviations [Martuzzi et al., 2012]. The POA coordinates of
the lumbar vertebrae revealed larger standard deviations.
This deviation can be due to the fact that COM is an abso-
lute average measure of coordinates within a cluster,
regardless of the intensity of activation. In contrast, the
intensity of activation within the same cluster is the indi-
cator for the POA measures [Plow et al., 2010].

Regarding the COM and POA measures, a somatotopic
representation of the three lumbar levels could not be
established. This is not surprising regarding the consider-
able overlap of activation up to 80% between L1, L3, and
L5 and their individual representation with L3 positioned
below L1 and L5. This lack of a somatotopy as well as the
large overlap could be explained by the coarse spatial
resolution due to the whole brain analysis. Further investi-
gations focused on a ROI approach in S1 might reveal a
somatotopy of lumbar vertebrae in the different Brodmann
areas of S1.

Furthermore, the multisegmental input from adjacent
FSUs due to the polysegmental innervations and sensori-
motor control of spinal structures might have preventedT
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Figure 3.

Pooled activation patterns during PA movements on lumbar vertebrae. The significant regions

are listed in Table I. Results are superimposed on the MNI template. Abbreviations: SMA: supple-

mentary motor area; MCC: medial cingulated cortex; ACC: anterior cingulated cortex; S1: pri-

mary somatosensory cortex. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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separate representations [Hansen et al., 2006; Holm et al.,
2002; Izzo et al., 2013; Sjolander et al., 2002]. Finally, it is
also likely that more than just the intended FSUs were
moved by the PA pressures. Using dynamic MRI, it has
been reported that by applying a much stronger PA force
(89 to 110 N), the most prominent motion at the tested
segment also included a reduced motion in neighboring
segments [Powers et al., 2003].

We assume that the nature of the applied stimulus in the
present investigation is responsible for the strong and con-
sistent activation patterns revealed. PA pressure on spinous
processes induced a motion within the FSUs that mainly
activated proprioceptive sensors, although the positioning
and pressure of the thumb grip simultaneously stimulated
skin sensors. The anatomical structures of an FSU contain
mechanoreceptors that act like transducers by sending a
continuous flow of proprioceptive information on loads,
motions and posture to the central nervous system [Bogduk,
1983; Izzo et al., 2013; Sjolander et al., 2002]. In addition, the
lumbar spine also consists of a wide array of uni-segmental
muscles, probably responsible for the fine tuning of motor
responses. Uni-segmental muscles exert less force but pos-
sess a two to six times higher density of muscle spindles
compared to multisegmental spinal muscles responsible for
movement [Bastide et al., 1989]. Proprioceptive information
is mandatory to select neural control strategies for the stabi-
lization of the spine, as accurate muscles have to be facili-
tated and the magnitude of activation level must be scaled
appropriately. On the other hand, the spine needs to allow
movements in various directions that is also perceived and
performed in the same control areas [Gilchrist et al., 2003;
Hansen et al., 2006; Holm et al., 2002].

An important region for the processing of propriocep-
tive information and the fine scaling of movements is the
cerebellum. To our knowledge, no previous neuroimaging
data are available describing lumbar spine representation
within the human cerebellum. The activation in the ante-
rior cerebellum (Larsell lobules II-III) revealed by PA pres-
sure onto lumbar vertebrae, might represent input from
the dorsal spinocerebellar pathways forwarding proprio-
ceptive information from the lower part of the trunk
[Proske and Gandevia, 2009], for a review see [Bosco and
Poppele, 2001]. The activation further extends the estab-
lished somatotopy for sensorimotor perception from the
lower extremities to a more anterior trunk representation
[Grodd et al., 2001; Manni and Petrosini, 2004].

The activation pattern further included extensive bilateral
S2 activation in the four cytoarchitecturally parcellated
regions (i.e., OP1–OP4) of the parietal operculum. This acti-
vation was widely spread into the operculo-insular cortex.
Actually, [Garcia-Larrea, 2012] suggested that the posterior
insular cortex could be considered a third somatosensory
area (S3), given the bidirectional relations with multisensory
regions involved in integration and higher-order postpro-
cessing of mechanosensory information [Mazzola et al.,
2012; Young et al., 2004]. The activation in the operculo-
insular cortex, together with cingulate and prefrontal corti-

ces form a neuronal circuit that perceives, processes and
holds sensory signals [Burton and Sinclair, 2000; Galazky
et al., 2009; Goswami et al., 2011; Kostopoulos et al., 2007].
That working memory of sensory information is important
for preparatory motor processing [de Graaf et al., 2009; Gal-
azky et al., 2009]. Motor responses are required to counter-
balance small or large postural perturbations to maintain
postural control of the trunk before an actual movement is
performed [Gilchrist et al., 2003; Masse-Alarie et al., 2012].

PA pressure on the lumbar vertebrae also activated the
SMA and related cingulate regions. Neuroimaging studies
have described a rostral to caudal topography in SMA for
performed foot, hand and face representation [Chainay
et al., 2004; Mayer et al., 2001].The location of the sensory
activation in the present study is anterior to the foot motor
representation of [Chainay et al., 2004]. This finding is
important as there is considerable evidence of involvement
of SMA in postural control. Repetitive transcranial magnetic
stimulation (rTMs) during step initiation revealed SMA
involvement in the coordination of timing of anticipatory
postural adjustments [Jacobs et al., 2009]. Similarly, func-
tional near-infrared spectroscopy (fNIRS) showed enhanced
activation in SMA during preparation of impending pertur-
bation of postural control in standing position [Mihara et al.,
2008]. In the present study, the activation in SMA might
indicate subliminary motor preparation, in the absence of
an intended or actual performance of trunk stabilization.
Together with SMA, the bilateral activations of the anterior
cerebellum might be involved in the facilitation of predic-
tive information for anticipatory postural control [Jacobs
and Horak, 2007; Wolpert et al., 1998]. Previous investiga-
tions in LBP patients reported a lack of postural control of
the trunk [Masse-Alarie et al., 2012; Tsao et al., 2010]. There-
fore, this approach represents a promising area for the
investigation of the effects of LBP onto the sensorimotor sys-
tem and subsequent postural disorders.

CONCLUSION

In healthy subjects, direct nonpainful stimulation of
lumbar vertebrae induced a strong and extensive activa-
tion of sensorimotor networks of the lumbar spine by
using fMRI. The applied PA pressure induced activation
in cortical and subcortical regions that perceive, process,
and retain mechanosensory information that might be
used for anticipatory postural adjustments and stabiliza-
tion of the lumbar spine. These acquired stable somato-
topic maps of the lumbar vertebrae in healthy subjects can
subsequently be used as a baseline to detect possible corti-
cal plasticity in low back pain patients.
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