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Abstract  
A reduction in gray matter volume is common in patients with chronic back pain, and different types 

of pain are associated with gray matter abnormalities in distinct brain regions. To examine 

ences in brain morphology in patients with low back pain or neck and upper back pain, we 

gated changes in gray matter volume in chronic back pain patients having different sites of pain 

using voxel-based morphometry. A reduction in cortical gray matter volume was found primarily in 

the left postcentral gyrus and in the left precuneus and bilateral cuneal cortex of patients with low 

back pain. In these patients, there was an increase in subcortical gray matter volume in the bilateral 

putamen and accumbens, right pallidum, right caudate nucleus, and left amygdala. In upper back 

pain patients, reduced cortical gray matter volume was found in the left precentral and left 

tral cortices. Our findings suggest that regional gray matter volume abnormalities in low back pain 

patients are more extensive than in upper back pain patients. Subcortical gray matter volume in-

creases are found only in patients with low back pain. 
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INTRODUCTION 

    

Accumulating evidence indicates that chronic 

pain of different etiologies is often associated 

with distinct gray matter volume reductions in 

multiple brain regions associated with acute 

pain processing. Gray matter volume reduc-

tions have been observed in chronic back 

pain
[1-4]

, various types of headache
[5-7]

, fi-

bromyalgia
[8-9]

, complex regional pain syn-

drome
[10]

, various chronic visceral pains
[11-12]

, 

chronic pelvic pain syndrome
[13]

, rheumatoid 

arthritis
[14]

, and other pain disorders
[15-17]

. 

Brain regions commonly affected in the dif-

ferent subtypes of chronic pain include the 

cingulate cortex, prefrontal cortex, insular 

cortex and thalamus
[18-19]

. 

 

While gray matter atrophy critically affects 

the perception and modulation of chronic 

pain, distinct gray matter abnormalities are 

found in the various types of pain. A previous 

study showed that the impact of low back 

pain (LBP) on the brain may vary according 

to the pain type (i.e., neuropathic vs. non- 

neuropathic)
[1]

, and suggested that structural 

changes occur more easily in neuropathic 

pain conditions. However, it remains to be 

clarified how the pain site contributes to brain 

structural abnormalities in patients. 

 

Cortical and subcortical reorganization plays 

an important role in the chronification 

process of LBP
[20]

. Although previous studies 

have suggested that gray matter changes in 

cortical structures are similar in different 

chronic pain types, conflicting findings have 

been reported for subcortical structures, and 

correlations with pain duration, pain intensity, 

personality traits, and medications have been 

inconsistent. Some studies suggested that 

gray matter volume is decreased in subcor-

tical regions
[21-22]

, while others showed gray 

matter volume increases
[4, 6, 14, 23-24]

. Voxel- 

based morphometry has been widely used 

to identify morphological changes in patients 

with various pain disorders. In this study, we 

performed an anatomical MRI study in pa-

tients with LBP or upper back pain (UBP) 

and their healthy controls to (1) identify 

whether there are different brain morpho-

logical changes between LBP and UBP 

patients, and (2) to identify correlations 

between gray matter volume changes and 

disease-related clinical indices such as 

pain intensity, pain duration, and psycho-

metric state.   

 

 

RESULTS 

 

Demographic and psychometric 

information on the subjects 

A total of 30 healthy controls, 30 LBP pa-

tients and 15 UBP patients were included in 

this study. The Hamilton Depression Rating 

Scale and Hamilton Anxiety Scale scores 

were significantly higher in LBP patients 

than in controls (P < 0.01). In UBP patients, 

the Hamilton Depression Rating Scale and 

Hamilton Anxiety Scale scores were sig-

nificantly higher than in controls (P < 0.001, 

P < 0.01). In both groups, the Montreal 

Cognitive Assessment scores in patients 

were lower than in controls (P < 0.01). De-

tailed psychometric data are shown in   

Table 1. 

 

Gray matter volume reductions in LBP 

and UBP patients 

The results from whole brain voxel-based 

morphometry analysis showed that, com-

pared with healthy controls, gray matter 

volume was decreased in several cortical 

structures in LBP patients, including the left 

precentral and postcentral cortices, and the 

bilateral cuneal and left precuneal cortices 

(P < 0.001, uncorrected; Figure 1). In UBP 

patients, cortical gray matter volume reduc-

tions were found in the right precentral and 

right postcentral cortices (P < 0.001, uncor-

rected; Figure 1). No gray matter volume 

changes were found in subcortical struc-

tures in LBP or UBP patients. These gray 

matter reductions did not withstand correc-

tion for multiple comparisons. 

 

Region of interest (ROI) voxel-based mor-

phometric analysis revealed gray matter 

volume reductions in cortical structures in 

the left postcentral gyrus, left precuneus and 

bilateral cuneal cortex of LBP patients (P < 

0.05, family wise error corrected; Figure 1). 
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However, in subcortical structures in LBP patients, gray 

matter volume increases were observed in the bilateral 

putamen and accumbens, and in the right pallidum and 

caudate nucleus, as well as in the amygdala in the left 

hemisphere (P < 0.05, family wise error corrected; Figure 

2). In UBP patients, gray matter decreases were mainly 

in the left precentral cortex, and in part of the left post-

central cortex (Figure 1). No significant gray matter 

changes were found in subcortical structures (Figure 2). 

Detailed coordinate data is shown in Table 2. 

 

Correlations between gray matter abnormalities and 

psychometric variables in LBP and UBP patients 

For LBP patients, no significant correlations were found 

between gray matter abnormalities and psychometric 

variables. For UBP patients, gray matter density in the 

bilateral insular cortex was negatively correlated with 

clinical pain intensity (short-form McGill pain question-

naire scores, Pearson correlation: r = –0.195, P < 0.05) 

and Hamilton Anxiety Scale scores (Pearson correlation: 

r = –0.436, P < 0.05; Figure 3A, B). Meanwhile, the pain 

intensity in UBP patients was positively correlated with 

Hamilton Depression Rating Scale scores (Pearson 

correlation: r = 0.691, P < 0.001; Figure 3C) and Hamil-

ton Anxiety Scale scores (Pearson correlation: r = 0.612, 

P < 0.05; Figure 3D). In both LBP and UBP patients, a 

positive correlation was found between Hamilton De-

pression Rating Scale and Hamilton Anxiety Scale 

scores (Spearman rank correlation: r = 0.803, P = 0.000, 

Figure 4A; Pearson correlation: r = 0.792, P = 0.000, 

Figure 4B). Furthermore, a positive correlation was found 

between the Mini-Mental State examination and Montreal 

Cognitive Assessment scores in LBP patients (Spear-

man rank correlation: r = 0.645, P = 0.000; Figure 4C), 

but not in UBP patients (Pearson correlation: r = 0.365,  

P = 0.181; Figure 4D). 

Table 1  Demographic and clinical data on the participants  

 

 LBP Control P UBP Controla P 

n 30 30 1 15 15 1 

Age (year)  51.6±8.6a 50.2±5.8 0.445 49.2±10.1 49.2±5.6  

Number of females (n) 20 20  10 10  

MMSE scores  27.9±3.0 29.2±1.9 0.064 27.4±2.6 29.4±0.6 0.006 

MoCA scores 22.5±5.8 26.3±2.8 0.002 23.1±4.5 26.7±1.7 0.007 

HAMD scores  8.0±5.0  2.9±2.5 0.000  9.6±5.6 3.1±2.6 0.000 

HAMA scores  7.0±6.1  2.6±3.0 0.001 10.9±7.6 2.7±3.3 0.001 

Duration of pain (years)  7.8±7.2 –   7.8±9.8 –  

Pain intensity (VAS scores)  5.2±2.6 –   5.5±2.1 –  

SF-MPQ (scores) 15.9±9.2 –   16.6±7.48 –  

 
VAS: Visual analog scale; MMSE: Mini-Mental State examination; HAMD: Hamilton Depression Rating Scale; HAMA: Hamilton Anxiety Scale; 

MoCA: Montreal Cognitive Assessment; SF-MPQ: short-form McGill pain questionnaire; LBP: low back pain; UBP: upper back pain. aThe 15 

controls were selected from the 30 healthy volunteers used in the LBP data analysis. Measurement data are shown as mean ± SD.  

Figure 1  Gray matter volume reductions in 
cortical structures in low back pain (LBP) and 
upper back pain (UBP) patients revealed by 
whole-brain analysis. 

In LBP patients, gray matter volume was 
decreased in the left postcentral cortex and the left 
precuneus and bilateral cuneal cortex (the upper 
left side of the picture) after controlling for the 

effects of age, sex and total intracranial volume.  

In UBP patients, a reduction in gray matter volume 
was only found in the left precentral cortex and 

part of the left postcentral cortex (the right side of 
the upper picture).  

Between-group differences are represented as 
statistical maps color-coded on a red-yellow scale, 

with brighter (more yellow) regions corresponding 
to more significant differences. Images are 
presented with right hemisphere structures shown 

on the right. R: Right. 
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Figure 2  Gray matter volume increases in low 
back pain (LBP) and upper back pain (UBP) 
patients revealed by region of interest 
voxel-based morphometry analyses. 

In LBP patients, increased gray matter volume 
was observed in the bilateral putamen and 
nucleus accumbens, the left amygdala, the right 
caudate nucleus and the pallidum (the upper left 

side of the picture).  

In UBP patients, no significant gray matter 
increases were found in subcortical regions.  

Between-group differences are represented as 

statistical maps color-coded on a red-yellow 
scale, with brighter (more yellow) regions 
corresponding to more significant differences.  

R: Right. 

Table 2  Gray matter changes in low back pain (LBP) and upper back pain (UBP) patients revealed by voxel-based 
morphometry  

 

Region of interest 
Montreal Neurological Institute coordinates Voxels of  

clusters 

Peak  

P value 

Gray matter  

volume changes x  y z 

LBP patients L putamen –30   4   2 241 0.012 Increased 

R putamen  16   6  –6 265 0.003 Increased 

R pallidum  16   6  –4  42 0.005 Increased 

L nucleus accumben –10   6  –8  88 0.003 Increased 

R nucleus accumben  12   6  –8  76 0.001 Increased 

L amygdala –14   6 –14 124 0.014 Increased 

R caudate nucleus   8   8  –2 278 0.016 Increased 

L_postcentral –24 –38  42  10 0.035 Decreased 

L_postcentral –18 –42  44   6 0.043 Decreased 

L cuneal cortex –22 –70  22  58 0.023 Decreased 

R cuneal cortex   8 –74  24 281 0.002 Decreased 

L precuneus cortex –16 –42  40  17 0.030 Decreased 

UBP patients L precentral cortex –34 –22  66 154 0.004 Decreased 

L postcentral –34 –24  66  10 0.019 Decreased 

 
Results are derived from region of interest analysis. Only clusters of more than three voxels at statistical threshold of P < 0.05 (family wise error 

corrected) are reported. Local maxima are reported, including cluster size and anatomical region. Locations with statistical differences are re-

ported in the standard Montreal Neurological Institute coordinate space (x, y, z). The regions of interest are defined according to the CMA labels 

for the cortex. L: Left; R: right; CMA: Center for Morphometric Analysis. 

Figure 3  Correlation between gray matter density in the bilateral 
insular cortex, pain intensity and psychometric variables in upper 
back pain (UBP) patients (Pearson correlation). 

(A) Negative correlation between clinical pain intensity and gray 
matter density in the bilateral insular cortex is observed in UBP 
patients (r = –0.195, P < 0.05). (B) Negative correlation between 
HAMA scores and gray matter density in the insular cortex is 

observed in UBP patients (r = –0.436, P < 0.05). (C) Positive 
correlation between clinical pain intensity and HAMD scores is 
observed in UBP patients (r = 0.691, P < 0.001). (D) Positive 

correlation between pain intensity and HAMA scores is observed 
in UBP patients (r = 0.612, P < 0.05).  

R2: Calculated from multivariate linear regression; r: correlation 
coefficient; SF_MPQ: short-form McGill pain questionnaire; 

HAMD: Hamilton Depression Rating Scale; HAMA: Hamilton 
Anxiety Scale. 
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DISCUSSION 

 

Our results indicate that gray matter volume alterations 

are more extensive in LBP patients than in UBP patients. 

The LBP patients showed reduced gray matter volume in 

cortical structures, and increased gray matter volume in 

subcortical structures. In contrast, chronic neck and UBP 

patients had decreased gray matter volumes only in cor-

tical brain areas. In UBP patients, the gray matter density 

of the insular cortex displayed a negative correlation with 

the short-form McGill pain questionnaire and Hamilton 

Anxiety Scale scores. Robust gray matter volume ab-

normalities in the basal ganglia were observed in LBP 

patients, but not in UBP patients. 

 

In LBP patients, cortical gray matter volume reductions 

were found in the bilateral cuneal and left precuneal cor-

tices, and in the left precuneal and left postcentral cor-

tices. In UBP patients, reduced gray matter volumes 

were found in the somatic motor and somatosensory 

cortices. No gray matter losses were found in the thala-

mus, insular or prefrontal cortex, although they were 

often observed in previous studies
[1-2, 25-27]

. These incon-

sistencies may be related to subject variability and dif-

ferences in analytical technique. Abnormalities in the 

cuneal cortex have been rarely reported in previous stu-

dies
[21]

. The precuneus has widespread connections with 

the thalamus, caudate nucleus and putamen
[28]

. The 

precuneus is a central hub within the default mode net-

work. Chronic back pain-induced disruption of the de-

fault-mode network has been found previously
[29]

. We 

suspect that changes in the default mode network might 

contribute to the observed gray matter abnormalities. 

Gray matter volume decreases in the somatic motor and 

somatosensory cortices (precentral and postcentral cor-

tices) in LBP/UBP patients might be related to motor 

dysfunction. 

Subcortical gray matter volume increases in LBP pa-

tients were mainly located in the basal ganglia (bilateral 

putamen and pallidum, right pallidum and right caudate 

nucleus) and left amygdala. The basal ganglia, thalamus, 

hippocampus and amygdala are major subcortical 

structures
[27]

. Preclinical and clinical data implicate these 

regions in pain processing
[30]

. The basal ganglia are lo-

cated close to the thalamus and have intimate and highly 

specific afferent and efferent connections with the cere-

bral cortex
[31]

. The thalamo-cortico-basal ganglia loop is 

the main loop affected by pain
[32-33]

. Gray matter in-

creases in the posterior putamen and globus pallidus 

have been found in other studies
[34-36]

. The asymmetry of 

the subcortical nuclei increases with age
[34-35]

, which 

might help to explain why changes in subcortical nuclei 

are not always bilateral. In UBP patients, no significant 

structural abnormalities were found in the subcortical 

brain regions. However, it is possible that subtle differ-

ences in some pain-related brain areas between UBP 

patients and healthy controls might be beyond the sensi-

tivity of voxel-based morphometry after threshold-free 

cluster enhancement correction. 

 

The amygdala is an important site of interaction between 

pain and negative affective states. A reciprocal relation-

ship has been found between persistent pain and nega-

tive affective states such as fear, anxiety and depression 

(i.e., plastic changes in nociceptive neurons in the 

amygdala can be induced by pain-related sensitiza-

tion)
[37]

. Synaptic plasticity and increased neuronal exci-

tability in the amygdala in neuropathic pain has been 

demonstrated by Ikeda et al 
[37-38]

. The reversibility of 

gray matter volume increases has been observed in pa-

tients with osteoarthritis, and the normalization of 

Figure 4  Correlations between psychological variables in low back 
pain (LBP) and upper back pain (UBP) patients. 

Positive correlation between affective and cognitive scores was 
revealed by correlation analyses. 

(A) Positive correlation between HAMD scores and HAMA scores in 
LBP patients (Spearman rank test: r = 0.803, P < 0.001). (B) 
Positive correlation between HAMD scores and HAMA scores in 

UBP patients (Spearman rank test: r = 0.792, P < 0.001). (C) 
Positive correlation between MMSE and MoCA scores in LBP 
patients (Pearson coefficient: r = 0.645, P < 0.001). (D) The 

correlations between MMSE and MoCA scores are not significant in 
UBP patients (Spearman rank test: r = 0.365, P > 0.05).  

R2: Calculated from multivariate linear regression; r: correlation 
coefficient; MMSE: Mini-Mental State examination; HAMD: Hamilton 

Depression Rating Scale; HAMA: Hamilton Anxiety Scale; MoCA: 
Montreal Cognitive Assessment. 
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amygdala volume to control levels parallels reductions in 

depression and anxiety scores
[39]

. We hypothesize that 

structural abnormalities in the left amygdala in LBP pa-

tients might be associated with synaptic plasticity, and 

may be related to a longer-lasting chronic pain state. The 

caudate and putamen are the main recipients of input to 

the basal ganglia, and are targeted by axonal projections 

from nearly all parts of the cortex. The caudate nucleus 

might play a critical role in the planning and execution of 

strategies and behavior required for achieving complex 

goals
[40]

. In comparison, the putamen appears to sub-

serve cognitive functions primarily associated with sti-

mulus-response, or habit, learning. We found increased 

gray matter volumes in the right caudate of LBP patients. 

Similar results have been found in chronic vulvar pain
[41]

. 

We conjecture that the gray matter alterations in the 

caudate and putamen might be related to the learning of 

chronic pain. 

 

Reports from functional imaging studies suggest that the 

basal ganglia may be involved in most aspects of pain 

processing, including the sensory-discriminative, emo-

tional/affective and cognitive dimension of pain and pain 

modulation
[30, 42]

. A magnetic resonance spectroscopy 

study showed that levels of choline-containing com-

pounds are increased in the basal ganglia in chronic 

fatigue syndrome
[43-44]

. The authors argued that this 

might be an indicator of higher cell membrane turnover 

due to gliosis or altered intramembrane signaling. 

 

The cellular mechanisms underlying the gray matter 

morphological changes remain unclear. An increased 

number of glial cells might account for the increased gray 

matter volume in the basal ganglia
[6]

. We hypothesize that 

an increase in the number of glial cells might contribute to 

the gray matter volume increases in the basal ganglia in 

LBP patients. Another factor contributing to the 

MRI-detectable increases in gray matter volume might be 

neuroinflammation
[45-46]

. Microglial activation might be 

triggered and modulated by Toll-like receptors, which 

could underlie both abnormal gray matter increases and 

the maintenance of gray matter volume. Another hypo-

thesis is that the gray matter abnormalities in chronic pain 

patients might represent neuronal plasticity
[47]

. Diffusion 

tensor imaging can provide useful information about the 

axonal properties in human brain. Combined voxel-based 

morphometry and diffusion tensor imaging has helped to 

demonstrate regional decreased gray mater density and 

regional white matter abnormalities, manifested as a 

change in fractional anisotropy, in the patients. 

 

The pathophysiology and pathoanatomy of LBP and 

UBP remain unclear. However, heavy physical workload, 

sitting for a long time, extended computer use, and ele-

vated body mass index are all relevant factors
[48]

. Com-

pared with LBP, UBP is not a major public health prob-

lem. LBP has a greater impact on operational capability 

than neck or upper back pain. This might account for the 

different patterns of gray matter abnormalities among 

these conditions. 

 

The biopsychosocial approach has also furthered our 

understanding and treatment of chronic pain disorders. It 

is becoming clear that not only pain, but also psycholog-

ical and social factors, can interact with brain 

processes
[34, 49-51]

. In the future, more attention should be 

placed on cognitive, affective, behavioral, and homeos-

tatic factors. 

 

Pain intensity might also be a factor affecting gray matter 

density in the insular cortex. Although in previous studies, 

specific morphological alterations in brain structures may 

have correlated with the intensity and unpleasantness of 

pain, no similar correlations were found between voxel- 

based morphometry data and pain characteristics in LBP 

patients in this study. This might be because the report-

ing of pain intensity relies on subjective memories of past 

pain, rather than on medical records. Cognition and 

emotion might be another contributing factor to the gray 

matter abnormalities because chronic back pain is asso-

ciated with cognitive deficits, which may impact everyday 

behavior, particularly in emotional situations
[52]

. 

 

Although increasing evidence supports the association of 

chronic pain with gray matter abnormalities, the cause- 

effect relationships have not been established for chronic 

back pain and increased gray matter volumes in the 

subcortical areas. Consequently, longitudinal studies 

using a large group of patients, ideally of single etiology, 

are necessary to explore the potential reversibility of gray 

matter changes in the basal ganglia. 

 

A major limitation of this study is the unequal number of 

subjects in the LBP and UBP groups. The group of UBP 

patients was rather small (n = 15), which might partly 

influence our results. Secondly, medication, including the 

use of antinociceptive drugs, and confounding psy-

chosocial factors (depression and anxiety) might also 

have affected our results. Thirdly, we did not differentiate 

between neuropathic and non-neuropathic pain. Thus, 

future studies should dissect the impact of the various 

pain types on brain structures. Moreover, the gray matter 

increases and decreases in this study need to be consi-

dered in light of previous reports and the cellular me-
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chanisms underlying these neuroanatomic changes. 

In summary, the present study suggests that regional 

gray matter volume abnormalities in LBP patients are 

more extensive than in UBP patients, and that the dis-

tinct etiologies of the various types of chronic pain might 

underlie this difference. Gray matter volume reductions 

occurred in both UBP and LBP patients, while subcortical 

gray matter volume increases occurred only in the pa-

tients with LBP. The gray matter volume increase in the 

basal ganglia of LBP patients might be a reflection of the 

adaptation of neurons, not necessarily an atrophy, re-

flecting a potential dysfunction of execution and motor 

function. Negative affective states and concomitant 

symptoms of LBP/UBP might also be potential factors 

impacting gray matter abnormalities. Longitudinal studies 

with a large sample size are necessary to investigate the 

potential reversibility of gray matter changes in LBP and 

UBP patients. 

 

 

SUBJECTS AND METHODS 

 

Design 

A case-control imaging study. 

 

Time and setting 

The study was performed at the First Affiliated Hospital, 

School of Medicine, Xi’an Jiaotong University, China. 

MRI data collection was done from March 2012 to June 

2013. 

 

Subjects 

All patients were recruited from the Outpatient Clinic, 

Department of Pain, the First Affiliated Hospital, School 

of Medicine, Xi’an Jiaotong University in China. They 

were diagnosed by experienced clinicians according to 

the International Association for the Study of Pain criteria 

for chronic pain
[53]

. The duration of pain ranged from       

3 months to 40 years. All patients continued their normal 

medication process for pain. All the healthy controls were 

recruited through advertised poster. 

 

Inclusion criteria: (1) aged 20–65 years; (2) education ≥  

6 years, subjects are required to be able to complete the 

questionnaires; (3) could remain stationary in the MR 

scanner; (4) be free of contraindications for MRI study 

(e.g., metal implants or claustrophobia). 

 

Exclusion criteria: (1) have contraindications for MRI 

study (e.g., metal implants or claustrophobia); (2) have 

dentures; or (3) have severe concomitant neurological or 

psychiatric disorders, or other diseases, such as hyper-

tension, diabetes or coronary disease. 

Three subgroups of right-handed participants were in-

cluded: 30 patients with chronic LBP (aged 34–65 years); 

15 patients with neck and UBP (aged 30–70 years); and 

30 pain-free, age- and sex-matched healthy volunteers 

(aged 38–63 years). Fifteen age- and sex-matched 

healthy controls (aged 38–62 years) selected from the  

30 healthy subjects were used as the control group for 

UBP patients. All patients gave written informed consent. 

 

Methods 

Assessment of clinical pain and cognitive state 

The intensity of pain was assessed using the Short-Form 

McGill Pain Questionnaire
[54]

, in which the intensity of 

pain was rated on a visual analog scale ranging from 

0–10 (0: no pain; 10: maximum imaginable pain) on scan 

day. The duration of pain was measured in years. The 

affective and cognitive conditions in all groups were 

evaluated using the following questionnaires: Mini- 

Mental State examination
[55]

, Montreal Cognitive As-

sessment
[56]

, Hamilton Depression Rating Scale and 

Hamilton Anxiety Scale
[57]

. 

 

MRI data acquisition 

MRI was performed on a 3.0 T MRI system (General 

Electric Signa HDXT, Milwaukee, WI, USA) using a 

three-dimensional T1-weighted fast spoiled gradient 

echo sequence with the following parameters: repetition 

time = 10.8 ms, echo time = 4.8 ms, matrix = 256 × 256, 

field of view = 256 mm × 256 mm, slice thickness = 1 mm, 

space between slices = 0, 140 axial slices, voxel size = 1 

mm × 1 mm × 1 mm, scan duration = 5 minutes. Routine 

T2-weighted images: repetition time = 4 680.0 ms, echo 

time = 105.2 ms, matrix size = 256 × 256, field of view = 

256 mm × 256 mm, slice thickness = 5 mm. T1 weighted 

imaging: repetition time = 2 360.4 ms, echo time = 21.9 

ms, matrix = 256 × 256, field of view = 256 mm × 256 mm, 

slice thickness = 5 mm. Routine T1- and T2-weighted 

images were analyzed for the presence of lesions. All 

images were visually inspected by two neuroradiologists, 

and those with excessive motion artifacts were excluded. 

 

MRI data processing 

Structural MRI data of the brain were analyzed with 

FMRIB Software Library’s voxel-based morphometry 

function (version 5.0; http://www.fmrib.ox.ac.uk/fsl/ 

fslvbm/index.html; Oxford University, Oxford, United 

Kingdom)
[58-60]

. First, structural images were 

brain-extracted using BET
[61]

. Next, tissue-type seg-

mentation was carried out using FAST4
[36]

. The resulting 

gray- matter partial volume images were then aligned to 

MNI152 standard space using the affine registration tool 



Mao CP, et al. / Neural Regeneration Research. 2013;8(32):2981-2990. 

 2988 

FLIRT
[62-63]

, followed optionally by nonlinear registration 

using FNIRT
[64-65]

, which uses a b-spline representation 

of the registration warp field. The resulting images were 

averaged to create a study-specific template, to which 

the native grey matter images were then non-linearly 

re-registered. The registered partial volume images 

were then modulated (to correct for local expansion or 

contraction) by dividing by the Jacobian of the warp 

field. The modulated segmented images were then 

smoothed with an isotropic Gaussian kernel with a 

sigma of 3 mm. 

 

Group differences in whole-brain gray matter between 

LBP/UBP patients and corresponding healthy controls 

were examined using permutation-based nonparametric 

testing (5 000 permutations) within the general linear 

model, with age, sex and total intracranial volume as 

covariates, correcting for multiple comparisons by im-

plimenting threshold-free cluster enhancement. Total 

intracranial volume was calculated as the sum of gray 

matter, white matter and cerebrospinal fluid volumes 

from FSL Brain Extraction Tool segmentations. After 

whole-brain voxel-based morphometry analysis, specific 

regions of interest (ROIs) analyses were performed on 

the brain cortical regions containing eight ROIs: bilateral 

frontal lobe, anterior cingulate cortex, temporal lobe, 

precentral and postcentral cortices, and the insular, cu-

neal, and precuneal cortices, as defined by the Har-

vard-Oxford cortical structure probabilistic atlas (www. 

fmrib.ox.ac.uk/fsl/fslview/). For subcortical structures, 

ROIs included the bilateral caudate nucleus, putamen, 

accumbens, pallidum, thalamus, amygdala and hippo-

campus, as defined by the Harvard-Oxford subcortical 

structure probabilistic atlas (www.fmrib.ox.ac.uk/fsl/ 

fslview/), based on an adaptation of the MNI atlases by 

the Center for Morphometric Analysis
[66]

. Results were 

considered to be significant at P < 0.05 (5 000 permuta-

tions, family wise error corrected). The clusters of signi-

ficance were localized using an adaptation of the MNI 

and Talairach atlases. In this study, only the results from 

ROI voxel-based morphometry analysis were provided. 

 

Finally, we extracted the regional gray matter density of 

the upper ROIs from the gray matter clusters identified in 

the cohort analyses, for both LBP and UBP patients, 

which yielded an average gray matter density for that 

region for each person. We compared the differences in 

gray matter density between LBP/UBP patients and their 

corresponding healthy controls. 

 

Statistical analysis 

Statistical analysis was performed with SPSS 13.0 soft-

ware (SPSS, Chicago, IL, USA). Demographic, clinical, 

and MR imaging differences between the groups were 

tested using Student’s t-test and the Mann-Whitney rank 

sum test, as appropriate. Results were considered sig-

nificant at P < 0.05. Two independent-samples t-test was 

used to compare differences between groups for demo-

graphic data, and Mann-Whitney rank sum test for Mini- 

Mental State examination, Montreal Cognitive Assess-

ment and Hamilton Depression Rating Scale scores. 

Pearson, Spearman rank correlation and multi-variate 

linear regression were used to assess the relationships 

between the pain characteristics, psychometric variables 

and the voxel-based morphometry data in both LBP and 

UBP patients, according to the normality of the relative 

data. The psychometric data included: the duration of 

disease; the pain intensity (scores of visual analog scale 

and short-form McGill pain questionnaire); the 

Mini-Mental State examination, Montreal Cognitive As-

sessment, Hamilton Depression Rating Scale and Ham-

ilton Anxiety Scale scores. For all the non-FSL analysis a 

significance level of P < 0.05 was considered statistically 

significant. 

 

Research background: Different subtypes of chronic pain 

produce different response patterns in the brain. 

Research frontiers: Different subtypes of chronic pain present 

with different alterations in brain structure. Although previous stu-

dies compared abnormalities found in neuropathic pain and non- 

neuropathic pain, the relationship between structural differences 

and the position of the pain on the body had not been analyzed. 

Clinical significance: To provide insight into the neural processing 

mechanisms among the different subtypes of chronic pain, and to 

provide the empirical foundation for comprehensive and individua-

lized therapy for chronic pain based on image analysis. 

Academic terminology: Voxel-based morphometry can reflect 

anatomical differences through quantitative calculation of voxel 

numbers, white or gray matter density or volume. It is an au-

tomatic, comprehensive, objective analysis technology based 

on structural brain magnetic resonance imaging. Voxel-based 

morphometry can accurately perform morphological analysis on 

the brain in vivo. 

Peer review: This report is unique in that it attempts to observe 

regional differences in brain structure between two types of back 

pain using voxel-based morphometry, thus providing the basis for 

understanding the underlying pathological mechanisms and for 

the longitudinal monitoring of chronic back pain patients.  
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