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Affective components and intensity of pain correlate with
structural differences in gray matter in chronic back pain patients
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Abstract

Although chronic back pain is one of the most frequent reasons for permanent impairment in people under 65, the neurobiologi-
cal mechanisms of chronification remain vague. Evidence suggests that cortical reorganisation, so-called functional plasticity, may
play a role in chronic back pain patients. In the search for the structural counterpart of such functional changes in the CNS, we
examined 18 patients suffering from chronic back pain with voxel-based morphometry and compared them to 18 sex and age
matched healthy controls. We found a significant decrease of gray matter in the brainstem and the somatosensory cortex. Correla-
tion analysis of pain unpleasantness and the intensity of pain on the day of scanning revealed a strong negative correlation (i.e. a
decrease in gray matter with increasing unpleasantness/increasing intensity of pain) in these areas. Additionally, we found a signif-
icant increase in gray matter bilaterally in the basal ganglia and the left thalamus. These data support the hypothesis that ongoing
nociception is associated with cortical and subcortical reorganisation on a structural level, which may play an important role in the
process of the chronification of pain.
� 2006 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

In many countries, chronic back pain is one of the
most frequent pain disorders among humans. 70–85%
of all people have experienced back pain at some point
in their lifetime (Andersson, 1998). Nevertheless, the
mechanisms of chronification are the subject of intense
research and debate. Chronic pain states are currently
attributed to abnormal nociceptive/antinociceptive
function on different levels (Wall and Melzack, 1999),
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yet with a normal brain structure. Recent neurobiologi-
cal research, however, suggests cortical reorganisation
on a functional level (Grusser et al., 2004). This
‘‘functional reorganisation’’ was not only detected in
patients suffering from phantom limb pain (Flor et al.,
1995), but also in chronic back pain patients (Flor
et al., 1997). Regarding chronic back pain, increased cor-
tical responsitivity and a shift of the cortical representa-
tion of the back, which was interpreted as an expansion
of the back’s representation into the neighbouring foot
and leg area (Flor et al., 1997), were found. In patients
suffering from chronic regional pain syndrome (CRPS
Typ I), magnetic and electric source imaging revealed a
shrinkage of the representational field of the affected
ublished by Elsevier B.V. All rights reserved.
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arm. The extent of shrinkage correlated highly with the
intensity of pain and the magnitude of mechanical hyper-
algesia (Maihofner et al., 2003; Pleger et al., 2004).

Apart from functional plasticity in chronic pain
states, few studies have addressed the issue of structural
reorganisation. In primates, a transneuronal atrophy
has been demonstrated in the cuneate and thalamic
nuclei, following long-term denervation of an upper
limb (Jones and Pons, 1998). Very recently in humans,
it was demonstrated that chronic back pain is accompa-
nied by brain atrophy and it was suggested that the
pathophysiology of chronic pain includes thalamo-corti-
cal processes (Apkarian et al., 2004). Specifically, this
study found a decrease in gray matter in the dorsolateral
prefrontal cortices bilaterally and a decrease in gray
matter in the right thalamus. Given that the physiology
of nociception involves a complex interaction of the
peripheral and central nervous system (Woolf and Salt-
er, 2000), one would expect that in the process of the
chronification of pain, functional and structural changes
would probably occur in modulatory mechanisms of
nociception, namely, the antinociceptive system.

Two fundamental questions arise:

• Is there any evidence that adult humans suffering
from chronic pain show an alteration in brain mor-
phology in structures specific to the perception and
behavioral response to pain, such as the thalamus,
insulae, sensorimotor and cingulate cortex and the
antinociceptive descending pathways?

• Is this alteration the cause or the consequence of
chronification?

To investigate the first issue, we applied voxel-based
morphometry (VBM) on structural MRI scans. We
compared a group of 18 chronic back pain patients with
18 sex and aged matched healthy volunteers. All chronic
back pain patients had a pain history longer than six
months. At the time of scanning, no acute neurological
symptoms were identifiable. We also searched for corre-
lations between changes in gray matter volume and pain
duration, pain intensity and pain unpleasantness.

2. Methods

2.1. Study population and clinical assessment

Eighteen patients (9 male, 9 female; aged 34–59 years; mean
age 50.4 years ± 6.8 years) suffering from chronic back pain
and 18 healthy volunteers (9 male, 9 female, aged 32–60; mean
age 49.9 ± 8.7 years) participated in the study (see Table 1).
Gender was exactly matched, the age was not significantly dif-
ferent between the groups (p = 0.84). The healthy controls did
not differ from the patients except for the presence of chronic
low back pain and consequent medication. The diagnosis of
chronic back pain was based on the definition of the Quebec
Task Force (Spitzer, 1987) (7 weeks from onset), as well as
on the definition given by Bonica (Bonica, 1990) (pain that
persists a month beyond the usual course of an acute disease
or a reasonable time for an injury to heal). The duration of
chronic back pain ranged from 6 months to 28 years (mean
duration 176 ± 87.60 months). Chronification is a multimodal
concept, regarded as the result of multiple interrelating physi-
cal, psychological,and social/occupational factors (Turk and
Rudy, 1987; Waddell, 1996; Nagel et al., 2002). We therefore
assessed anxiety, depression and affect in all patients. Nearly
all of the patients took analgesic medication on a regular basis
(for demographic details, analgesic and concomitant medica-
tion see Tables 1 and 2). All patients had become pre-occupied
with pain, limiting daily activities (fulfillment of the second
part of the Quebec Task Force). None of the participants
had a history of head injury or other psychiatric/neurological
disorders, apart from herniated discs, which had in some cases
been operated (a minimum two years prior to the VBM-study).
15 out of 18 patients had received a CT or MRI scan of the
lumbar spine and/or sacroiliac joints within the past three
years with no evidence of acute abnormalities. All patients
underwent a thorough neurological examination. Patients with
a higher degree of sensorimotor deficits (pareses > 4/5 and/or
sensory deficits involving more than 1 dermatom) were exclud-
ed from the study. All patients and healthy volunteers received
a high-resolution T1-weighted cerebral MRI. The study was
approved by the local Ethics Committee and written informed
consent was obtained from all patients and healthy volunteers
prior to the examination.

2.2. Perceptual measures of pain and depression

All chronic back pain patients underwent an examination by
a psychiatrist (LE) to rule out a depressive disorder. Perceptual
measures of pain and depression were carried out on the day of
imaging (details listed in Table 1). The tests included the follow-
ing assessments of pain and depression: the pain experience scale
(SES) (Geissner, 1995), present pain intensity using a Numerical
Rating Scale (NRS) (De Conno et al., 1994), the Hamilton
Depression Scale (HAMD) (Hamilton, 1960) and the Mont-
gomery-Asperg Depression Scale (MADRS) (Montgomery
and Asberg, 1979) as external assessment scales, and a self-as-
sessment depression scale (ADS) (Hautzinger, 1993).

The pain experience scale consists of 24 descriptors: 14
affective and 10 sensory. These are rated on a scale from 1 to
4 in ascending intensity of the item. The pain experience scale
is a continuation of the McGill Pain Questionnaire (MPQ)
(Melzack, 1975). The present pain intensity on the day of
imaging was indicated on a Numerical Rating Scale (NRS)
from 0 to 10, 0 representing no pain and 10 the worst possible
pain imaginable.

The Hamilton Depression Scale is an assessment scale with
21 descriptors for symptoms of major depression, which are
rated on an intensity scale from 0 (none) to 4. Based on an
interview, the Montgomery Asberg Depression Scale includes
10 items scaled from 0 to 6. The investigator evaluates the
severity of the symptom from 0 (none or normal occurrence)
to 6. The common depression scale (self-assessment scale) is
the German version of the Center for Epidemiological
Studies-Depression scale (CES-D; R) (Radloff, 1977). The
questions refer to the previous week and are answered on a
four-scale rating: 0, rare to 3, mostly.



Table 1
Demographic data, pain and depression scores

Patient
No.

Sex/age
(years)

Pain medication
(dosage per day, if known)

Medical history Neurological deficits Duration of
pain (months)

NRS SES HAMD MADRS ADS

1 F/59 Flupirtine, 6 tab Laminectomy L3/4/5
several years ago

4/5 paresis of left iliopsoas m.
and left extensor hallucis longus
m. since years

240 10 41 12 13 29

2 F/57 Miscellaneous analgesics
when needed

2 disc operations in 1985 Patellar tendon reflex: re < li,
4/5 paresis of right tibialis
anterior m.

276 5 36 8 9 24

3 F/55 NSAID when needed Lumbar stenosis hypesthesia left thigh, since years 120 2 51 16 19 28
4 M/58 Morphine 150–350 mg Cervical disc prolaps C5/6

several years ago
– 120 5 32 7 7 5

5 M/48 Tramadol 400 mg – Achilles tendon reflex: lft < r 336 6 40 17 20 43
6 M/52 Miscellaneous analgesics

when needed
Syringomyelia Th6–10 Patellar tendon reflex: lft < r,

4+/5 paresis of iliopsoas m.
& Quadriceps m.

60 6 45 8 8 6

7 F/43 Diclofenac 50–150 mg Hysterectomy, strumectomy Pallhypesthesia: feet bilaterally 108 9 37 9 8 13
8 F/46 Metamicol, Diclofenac,

Amitryptiline
Hysterectomy – 312 6 39 6 6 18

9 M/34 Indometacin 75 mg
Tetrazepam

Morbus Bechterew (suspected) – 132 2 27 8 10 12

10 F/47 Diclofenac when needed Operation of herniated disc
L5/S1 several years ago,
arthrosis of sacroiliac joints

– 240 8 25 5 5 6

11 M/53 Morphine 60 mg,
Amitryptiline 150 mg

Herniated disc L5/S1,
nucleotomy, C4/5 (1995), C5/6
(1997), C6/7 and L5/S1 (2000)

– 96 9 46 9 15 46

12 F/57 Tramadol 600 mg – 276 9 55 15 13 31
13 M/53 Diclofenac when needed Lumbar stenosis, herniated disc

L5/S1 right (1990)
hypesthesia: exterior of right
lower leg and right foot since years

216 6 48 18 18 37

14 M/39 Miscellaneous analgesics,
when needed

Multiple degenerative alterations
in the lumbar spine, coxarthrosis

– 132 5 32 7 9 23

15 M/53 Flupirtine, Tramadol
when needed

Herniated disc L5/S1 several
years ago

Achilles tendon reflex r < lft 180 8 40 10 18 24

16 M/50 Morphine 4 tab Coxarthrosis – 132 7 53 13 16 22
17 F/49 Carbamazepin 900 mg,

Gabapentin 1200 mg,
Metamizol 32 mg

Herniated discs, operation L4/5
(1993 and 2001), L3/4 (2001)

Hypesthesia dorsum of right foot 156 7 42 7 3 11

18 F/55 Diclofenac 150 mg,
Morphine 50 mg,

Herniated disc L5/S1 several
years ago

– 36 3 28 5 4 11

Demographic data including medication, medical history and neurological deficits of patients suffering from chronic back pain and clinical characteristics and perceptual measures for depression and
pain of 18 patients with chronic back pain.
NRS, Numerical Rating Scale, indicating intensity of pain on day of imaging on a scale from 0 to 10 the: 0, no pain; 10, worst possible pain.
HAMD, Hamilton Depression Scale (foreign assessment).
MADRS, Montgomery Asberg Depression Rating Scale (foreign assessment).
ADS, Common Depressive Scale (self-assessment).
SES, pain experience scale, affective items.
M, male, F, female.
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2.3. Data acquisition

Magnetic resonance imaging was performed on a Siemens
Symphony scanner (Erlangen, Germany) operating at 1.5 Tes-
la. A 3D structural MRI was acquired on each subject using a
T1 weighted prepared rapid gradient echo (MP-RAGE)
sequence (TR 11.08 ms, TE 4 ms, TI 300 ms, flip angle 15�,
matrix size 256 · 192, FOV 256 · 192) yielding 150 sagittal
slices with a defined voxel size of 0.97 · 0.97 · 1.08 mm. The
latter sequence was chosen in order to provide a high-resolu-
tion anatomical image and a good gray/white matter contrast
for subsequent segmentation.

2.4. Pre-processing of structural data and analysis

VBM is based on high-resolution structural 3D-MR-imag-
es, registered in common stereotactic space, and designed to
seek significant regional differences by applying voxel-wise sta-
tistics in the context of Gaussian random fields (Friston et al.,
1999; Ashburner and Friston, 2000). VBM has been cross-
validated with region-of-interest measurements and functional
data in a number of studies (May et al., 1999; Woermann et al.,
1999). The data pre-processing and analysis was performed
using SPM99 (Welcome Department of Cognitive Neurology,
London, UK) running under Matlab (Mathworks, Sherborn,
MA, USA). Preprocessing of the data involved spatial normal-
ization (Ashburner and Friston, 1997, 1999), gray matter seg-
mentation (Ashburner and Friston, 1997) and spatial
smoothing with a Gaussian kernel (Ashburner and Friston,
2000). For the pre-processing steps, we used a previously
described optimized protocol (Good et al., 2001). This proto-
col creates an additional step for optimized normalization
parameters, involving a fully automated extraction of non-
brain voxels (skull, sinus, etc.) in order to facilitate segmenta-
tion. The optimized parameters, estimated while normalizing
extracted gray matter images to the gray matter template,
are reapplied to the original whole brain images.

To reduce the potential scanner dependent bias of the nor-
malization step, we created a scanner- and study-specific gray
matter template, generated from 21 healthy controls, which were
not included in this study. We applied the estimated optimized
parameters in an additional step to the non-normalized, non-
segmented original images. The spatially normalized whole
brain images were then segmented. Subsequently, all images
were smoothed by convolving them with an isotropic Gaussian
kernel of 10 mm full-width at half maximum (FWHM).

2.5. Statistical analysis

The SPM analysis is an implementation of the general lin-
ear model (GLM) using the theory of Gaussian random fields.
Using the GLM, a voxel-wise statistical parametric map is cre-
ated, which identifies brain regions containing significant dif-
ferences of gray matter in both groups. We used t-tests in
order to detect these regional differences. To avoid possible
edge effects around the border between gray and white matter
and to include only relatively homogeneous voxels, we exclud-
ed all voxels with a matter value of <0.2 (of a maximum value
of 1). We hypothesised, based on findings from electrophysio-
logical (Flor et al., 1997; Bentley et al., 2003; Frot and
Mauguiere, 2003) and functional imaging (Derbyshire et al.,
2002; Peyron et al., 2000) studies, the involvement of the pain
transmitting CNS network, which permitted an uncorrected
threshold of p < 0.001 throughout the whole brain.

In order to further evaluate the relationship between the
morphological alterations and to differentiate between the rel-
evance of pain duration, pain intensity, and pain unpleasent-
ness, we performed a correlation analysis using different
indices to delineate which of these factors may best describe
the findings of the group analysis. The indices were defined as

1. Pain duration in months.
2. Pain intensity on the day of examination and
3. The affective component of pain experience, obtained by the

SES score, and referred to as ‘‘pain unpleasantness’’.

3. Results

3.1. Global differences in brain morphometry

Conventional MR-imaging was normal in all chronic
back pain patients and controls. No significant between-
group differences were observed in the comparison of
chronic back pain patients and controls in global brain
volume (gray matter patients: 682 ± 11.0 ml and gray
matter controls 690 ± 56.3 ml).

3.2. Group analysis

Compared to healthy controls, chronic back pain
patients showed a significant reduction in gray matter
in the right somatosensory cortex and in the brainstem
(p < 0.001, uncorrected). Lowering the significance
threshold resulted in a bilateral decrease of gray matter
in the somatosensory cortex. Additionally, we found
decreases in gray matter in the right dorsolateral pre-
frontal cortex (DLPFC) and the right temporal lobe
(Table 2).

A significant increase in gray matter was found in the
putamen bilaterally (p < 0.001, uncorrected) and the left
posterior thalamus. No small volume correction was
carried out, as we had not defined a strong a priori
hypothesis for these regions. There were no significant
alterations in any other brain areas. For details (i.e.
peak coordinates and z-values) see Table 2.

3.3. Correlation analysis

To further specify the intrinsic relevance of pain
duration, pain intensity on the day of scanning, and pain
unpleasantness to the structural alterations found in the
group analysis, we performed a correlation analysis
using a linear regression (p < 0.001, uncorrected). This
tests the null hypothesis that the slope of a least square
fit (regression) describing the relationship between a pre-
dictor and an outcome variable is zero. We found the
following:



Table 2
Areas of significant change in gray matter

Region Brodmann
area

Talairach coordinates in mm Z score of peak
change p < 0.001

T Gray matter
change

x y z

R putamen 28 �17 2 Z = 3.91 4.44 Increase
L putamen �24 �14 5 Z = 3.76 4.22 Increase
L thalamus �22 �25 3 Z = 3.18 3.46 Increase

Dorsal rostral pons 2 �25 �18 Z = 3.51 3.88 Decrease
R somatosensory cortex BA 1/2 12 �38 80 Z = 3.79 4.26 Decrease
R prefrontal lobe (DLPFC) BA 8/9 38 32 39 Z = 3.70 4.15 Decrease
R temporal lobe BA 37 47 �25 �24 Z = 4.39 5.14 Decrease
L lateral occipitotemporal gyrus BA 19/37 �34 �61 �10 Z = 3.81 4.31 Decrease

Significant changes (increase and decrease of cerebral gray matter) in chronic back pain patients when compared to healthy controls. The changes are
tabulated in terms of the brain region and the corresponding Brodmann’s area (BA). The x, y, z co-ordinates are according to the atlas of Tailarach
and Tournoux. Each location is the peak within a cluster (defined as the voxel with the highest Z-score).
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(1) There was no significant correlation between pos-
sible structural changes and pain duration.

(2) There was a strong negative correlation (i.e.
decrease in gray matter with increasing pain inten-
sity) between the brainstem and the left somato-
sensory cortex and pain intensity on the day of
scanning and a positive correlation (i.e. increase
in gray matter with increasing pain intensity) in
the left thalamus and left putamen.

(3) Analysis of pain unpleasantness on the day of
scanning revealed a strong negative correlation
(i.e. a decrease in gray matter with increasing
unpleasantness) in the brainstem and in the
somatosensory cortex bilaterally (Table 3).

Pain intensity and SES scores correlated strongly in
our population (r = 0.79). Performing a multiple regres-
sion and using both parameters together, only the clus-
ter in the brainstem (r = 0.65) showed a strong negative
correlation with these components of pain.

4. Discussion

Using VBM we found significant differences in CNS
gray matter between chronic back pain patients and
healthy controls (Fig. 1), which fall into two broad
groups:
Table 3
Correlation analyses with NRS and SES scales as regressors

Region Talairach coordinates in mm NRS
r values

x y z

L putamen �22 �13 8 0.54
L thalamus �22 �31 11 0.55

Dorsal rostral pons 1 �24 �18 �0.69
R somatosensory cortex 7 �43 �77 �0.53
L somatosensory cortex �30 43 72 �0.63
• areas showing a decrease in gray matter mainly
involving the brainstem and the somatosensory cor-
tex and

• areas showing an increase in gray matter, such as the
thalamus and basal ganglia.

These data suggest that prolonged nociceptive input
leads to an alteration in morphology and/or cytoarchi-
tecture of anterograde projection areas, which in turn
may have contributed to chronification, i.e. pain experi-
ence lasting longer than the initial pain trigger.

4.1. Decrease in gray matter: Brainstem

In humans, stimulation of the brainstem is suggested
to be effective in intractable pain states (Gybels and
Kupers, 1990; Duncan et al., 1991). Interestingly, in
patients suffering from both back pain and dysesthetic
leg pain, the back pain component seemed to respond
better to PAG stimulation, whereas dysesthetic leg pain
was controlled more effectively by somatosensory region
stimulation (Hosobuchi, 1986). In functional imaging
studies, an activation in the mesenscephalon following
the application of pain stimuli has been frequently
described (Derbyshire, 1999; Peyron et al., 2000).
Recently, evidence has been provided that iron levels
in the PAG might be abnormally high in migraine
Talairach coordinates in mm SES
r values

Correlation

x y z

Positive
Positive

0 �20 �16 �0.52 Negative
12 �39 78 �0.56 Negative

Negative



 

B A 

D C 

Fig. 1. Statistical parametric maps demonstrating the structural difference in gray matter between chronic back pain patients and unaffected control
subjects. Significant gray matter changes are shown superimposed in yellow (decrease of gray matter) and red color (increase of gray matter),
respectively, on a normalized image of a healthy control subject. The left side of the picture is the left side of the brain. (A and C) Significant decrease
of gray matter in the brainstem. (B) Significant gray matter decrease in the somatosensory cortex on the right side. Lowering the significance
threshold resulted in a bilateral decrease of gray matter in the somatosensory cortex. (D) Significant gray matter increase in the basal ganglia
bilaterally and left thalamus.
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patients (Welch et al., 2001). It is not clear whether
VBM could detect high iron levels in specific regions;
however, using VBM in migraine with and without aura,
no structural changes have been identified (Matharu
et al., 2003; Schmidt-Wilcke et al., 2005).

The decrease of gray matter in a brain region that is
highly associated with pain suppression could certainly
lead to a loss of effective antinociception. We suggest
that our findings of a gray matter decrease in the brain-
stem may promote the chronification of back pain.
Abnormal modulation of brain nociceptive systems, at
first transient, but becoming permanent with continuing
illness, can in part explain the shift from acute to chron-
ic pain. Our results regarding the correlation analyses
suggest that the gray matter decrease in the brainstem
does not correlate with pain duration, but rather with
pain intensity and pain unpleasantness experienced at
the time of scanning, thus possibly accounting for the
degree of impaired antinociception at that time. Howev-
er, examining the time course is crucial in understanding
the complex mechanisms in nociception and antinoci-
ception. The question whether alterations in the brain-
stem precede or succeed the clinical process of
chronification needs to be thoroughly addressed in
future studies, focussing on longitudinal data investigat-
ing patients over time.

4.2. Decrease in gray matter: Somatosensory cortex and
DLPFC

The lateral thalamus and SI cortex belong to the so-
called ‘‘lateral’’ pain system (Derbyshire, 1999; Schnit-
zler and Ploner, 2000), which projects predominantly
to the somatosensory cortex with a high degree of soma-
totopic organisation on each level of subcortical and
cortical structures. On a functional level, both shrinkage
(Soros et al., 2001; Maihofner et al., 2003; Pleger et al.,
2004) and extension (Braun et al., 2001; Karl et al.,
2001) of the representational fields have been described
for various painful and non-painful conditions.

At first glance, our finding seems to contrast with pre-
vious electrophysiological data in 10 chronic back pain
patients, showing an expansion of functional brain maps
(Flor et al., 1997). On the other hand, in CRPS patients,
a shrinkage of the representational field of the affected
arm, which was highly correlated with the intensity of
pain and hyperalgesia, has been repeatedly demonstrat-
ed (Maihofner et al., 2003; Pleger et al., 2004). However,
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these electrophysiological studies investigated (using
evoked magnetic fields) the phenomenon of functional
reorganisation, i.e. the recruitment and/or coordination
of neural activity, whereas our results show a structural

reorganisation. The discordance of an expansion of the
functional representation of the back, on one hand,
and the relative loss of gray matter in the somatosensory
cortex, on the other hand, mirror at the least a pain-cor-
related alteration in this region, which presumably sus-
tains the experience of pain.

We also found a decrease in gray matter in the right
DLPFC, which is in part in accordance with the litera-
ture (Apkarian et al., 2004). The authors found a bilat-
eral decrease in gray matter of chronic back pain
patients and suggested that neurodegeneration, rather
than tissue shrinkage without a substantial impact on
neuronal properties, may be the cause of this finding.
Future studies involving longitudinal designs and treat-
ment protocols are needed to answer the question of
whether treatment could reverse the decrease in brain
gray matter.

4.3. Increase in gray matter: Thalamus

Functional reorganisation in the thalamus, which acts
as a relay station between spinal and cortical structures,
has been demonstrated in rats, monkeys, and humans
(Wall and Egger, 1971; Jones and Pons, 1998). Our find-
ing of structural reorganisation may reflect the conse-
quence of constant input of afferent nociceptive
information, i.e. a ‘‘projected pathology’’, from the
actual lesion site. The notion, that a change in afferent
input may be followed by specific structural changes in
the central nervous system, has been recently demon-
strated using VBM in patients suffering from cervical
(Draganski et al., 2003) and hand (Garraux et al.,
2004) dystonia, Huntington’s disease (Kassubek et al.,
2004), restless legs syndrome (Etgen et al., 2005) and fol-
lowing amputations (Draganski et al., 2006). In this
regard, however, it is noteworthy that we have found
no gray matter changes in other structures known to
be involved in sensory transmission, such as the cingu-
late cortex or anterior insulae. It is also important to
mention a recent VBM study by Apkarian et al., who
found a decrease in gray matter in the dorsolateral pre-
frontal cortex bilaterally and a decrease in gray matter
in the right thalamus in patients suffering from chronic
back pain (Apkarian et al., 2004). The differences
regarding the study by Apkarian et al., and our study
are not easy to interpret, as both groups compared the
same number of patients. However, we only included
patients without radiating pain, including radiculopa-
thy, whereas Apkarian studied a mixture of patients
with and without neurological manifestations as well
as patients indicating presence of pain outside this
region (for example, in the upper back). In our group
of patients, we cannot confirm that chronic back pain
is accompanied by brain atrophy (Apkarian et al.,
2004), but rather suggest specific alterations, which cor-
relate to the intensity and unpleasantness of pain, in
structures known to play a crucial role in
antinociception.

4.4. Increase in gray matter: Basal Ganglia

The importance of the basal ganglia in the motor
response is well established (Alexander et al., 1990; Bin-
gel et al., 2004). Non-nociceptive aspects of persistent
musculoskeletal pain involve altered musculoskeletal
activity, altered posture, and even immobility, which
may in turn also influence our findings of structural
alterations in the basal ganglia. Unlike the somatosenso-
ry cortex and the brainstem, we had no strong a priori

hypothesis for the basal ganglia. We therefore did not
use small volume correction in this region and only
report uncorrected results, which consequently have to
be viewed with caution.

4.5. Relationship to current theories of chronic pain

A lot of thought about chronic pain has been devoted
to considering changes in primary afferents, dorsal root
ganglia, and spinal cord dorsal horn (Woolf and Salter,
2000). Recent evidence has revealed that the adult brain
is capable of substantial plastic changes on a functional
level (Merzenich et al., 1984; Flor et al., 1995) and these
findings have implications for our understanding of
chronic pain. As the adult human brain may even
change its structure in response to environmental
demands (Draganski et al., 2004; May et al., 2006), the
central question arises of whether our findings of corti-
cal morphological alterations may arise as a conse-
quence of chronic pain, or contribute to the
neurobiological basis of the chronification of pain or
both. Considering that we found no correlation between
duration of pain and structural changes, but a strong
correlation between the intensity and unpleasantness
of pain, we conclude that our findings are a cause rather
than a consequence of the chronification of back pain.

We suggest that the reorganisation processes of the
cortical and subcortical areas in chronic back pain
patients probably reflect two, not mutually exclusive,
mechanisms: (1) persistent nociceptive input might inter-
fere with subcortical relays of sensory perception in the
thalamus and basal ganglia, and (2) a presumable ‘‘de-
generation’’ of antinociceptive brainstem areas might,
among other mechanisms, contribute to a dispropor-
tionate amount of nociceptive signals to neocortical
brain structures. As both pain and the degree of func-
tional reorganisation could be reduced by a sensory dis-
crimination training programme (Flor et al., 2001), the
crucial question needs to be addressed in future studies
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of whether the morphological changes can be reversed
as well.

In summary, we suggest that a morphometric alter-
ation in cortical and subcortical areas, e.g. some kind
of ‘‘stuctural plasticity’’, contributes, together with
other peripheral, spinal and central mechanisms, to the
development of chronic pain. Although all of our
patients took analgesics, it is unlikely that the differences
between chronic pain patients and controls are due to
NSAID alone, as chronic headache patients show simi-
lar changes, yet did not take NSAID on a regular basis
(Schmidt-Wilcke et al., 2005). Further studies are need-
ed to explore the development of such alterations, which
may reveal structural reorganisation to be a process,
thereby endorsing and extending the concept of func-
tional reorganisation.
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