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Objective: Many pieces of research have focused on pain within individuals, but little
attention has been paid to whether pain can change an individual’s empathic ability and
affect social relationships. The purpose of this study is to explore how chronic low back
pain changes empathy.

Methods: Twenty-four chronic low back pain patients and 22 healthy controls were
recruited. We set up an experimental pain-exposed model for each healthy subject.
All subjects received a painful-empathic magnetic resonance scan. After the scan, all
subjects rated the pain intensity and multiple empathy-related indicators. The clinical
assessment scale was the 20-item Basic Empathy Scale in Adults.

Result: The chronic low back pain patients reported lower scores on the total scores of
BES-A, the subscale scores of emotional disconnection and cognitive empathy, and the
discomfort rating. The fMRI results in the chronic low back pain patients showed that
there were multiple abnormal brain pathways centered on the anterior insula. The DTI
results in the chronic low back pain patients showed that there were reduced fractional
anisotropy values in the corpus callosum, bilateral anterior thalamic radiation (ATR), right
posterior thalamic radiation (PTR), right superior longitudinal fasciculus (SLF), and left
anterior corona radiate (ACR).

Conclusion: Our study found that patients with chronic low back pain have impaired
empathy ability. The abnormal functional connectivity of multiple brain networks, multiple
damaged white matter tracts, and the lower behavioral scores in chronic low back pain
patients supported our findings.

Keywords: empathy, chronic low back pain, functional magnetic resonance imaging, diffusion tensor imaging,
brain networks

Abbreviations: fMRI, functional magnetic resonance imaging; DTI, diffusion tensor imaging; FA, fractional anisotropy;
BES-A, Basic Empathy Scale in Adults; cLBP, chronic low back pain; VAS, visual analogue scale; TBSS, Tract-Based Spatial
Statistics; AI, anterior insula; FC, functional connectivity; CC, corpus callosum; ATR, anterior thalamic radiation; PTR,
posterior thalamic radiation; SLF, superior longitudinal fasciculus; ACR, anterior corona radiata; DLPFC, dorsolateral
prefrontal cortex; SPL, superior parietal lobule; PHP, parahippocampal gyrus; gCC, genu of corpus callosum; sCC,
splenium of corpus callosum.
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INTRODUCTION

Imagine that your hand was accidentally scratched. This
experience can lead to nociceptive pain, which originates in
the peripheral nociceptors. This stimulus eventually leads to
cerebral cortex, causing changes in brain network activity.
Now imagine that you saw someone else’s hand accidentally
being scratched. This experience typically produces empathy for
pain, a phenomenon that, despite differences in origin, has the
same characteristics of nociceptive pain and changes in brain
network activity.

Briefly speaking, empathy can be generated by directly
observing or imagining the emotions of the target. The
occurrence of empathy can lead individuals to altruistic and
prosocial behaviors towards the plight of others, and this ability
to perceive the distress of others also keeps individuals alert
to dangerous stimuli (Xiang et al., 2018). Therefore, empathy
is of great significance for maintaining social relations and
maintaining interactions with others. However, in the eyes of
ordinary people, the ability to empathize with others is so
common that it seems to be innate in everyone. Many pieces
of research have focused on pain, distress, and disability within
individuals (Goubert et al., 2005), but little attention has been
paid to whether diseases can change an individual’s empathic
ability and affect social relationships.

The importance of empathy is also evident in pain medicine.
Chronic pain is notorious for harming individuals in many ways.
It not only physically tortures patients, but it also stigmatizes
them (Cohen et al., 2011). When there is no objective evidence
of bodily injury, the subjective pain feeling expressed by patients
is often misunderstood as a mental disorder (Cohen et al.,
2011). Therefore, the stigmatization has led to the collapse of
interpersonal trust between chronic pain patients and others,
which is not conducive to social harmony due to the large group
of chronic pain patients. Furthermore, on the psychological
level, chronic pain can lead to pain catastrophizing and mood
disorders such as anxiety and depression. These problems further
isolate patients with chronic pain and inhibit the development
of prosocial behaviors. Therefore, it is urgent to study the
relationship between chronic pain and empathy. A pioneering
study by Singer et al. (2004) found that there is a partial overlap
between empathy for pain and original pain-activated brain
regions. Multiple pain-related brain regions in patients with
chronic pain were found to have decreased gray matter volume,
altered functional connectivity, and cortical thickness (Hubbard
et al., 2014; Seminowicz and Moayedi, 2017). These evidences
drive us to link the change of empathy ability to chronic pain.

Previous studies on empathy were mostly behavioral and
neuroimaging studies on normal people (Lamm et al., 2011).
A few studies have focused on changes in empathy (Roche
and Harmon, 2017). Our knowledge is very limited about how
empathy has changed in patients with chronic pain. Therefore,
the purpose of this study is to explore how chronic pain changes
empathy (i.e., what changes have taken place in the empathy
ability of patients with chronic pain).

The implicit measures, such as functional magnetic resonance
imaging (fMRI), may be a good method to explore empathy.

Previous studies have explored the neural brain network
mechanism of empathy in healthy adults through fMRI
technology and have gotten some excellent results (Engen and
Singer, 2013). However, the absence of structural image studies,
such as diffusion tensor imaging (DTI), makes the evidence chain
of these studies relatively weak, which is one of the limitations of
these studies.

Based on the above description, after designating the
chronic low back pain (cLBP) group (experimental group) and
experimental pain group (EP group), fMRI and DTI technology
will be jointly used in this study to explore the brain structural
abnormalities and the functional brain changes during empathy
state in patients with chronic pain. Diffusion tensor imaging is a
magnetic resonance technique that reflects the random diffusion
of water molecules in the brain. The Basic Empathy Scale in
Adults (BES-A) will be used to quantify the empathy ability
of all subjects (Carré et al., 2013). BES-A is usually divided
into three subscales, namely, emotional contagion, emotional
disconnection, and cognitive empathy. These three components
represent three dimensions of empathy. The picture-based
paradigm will be used to induce the subjects’ empathy state.

EXPERIMENTAL PROCEDURES

Recruitment of Subjects
To reduce confounding factors, we limit the patients included to
those with cLBP. We recruited 25 cLBP patients and 25 healthy
controls from Zhujiang Hospital of SouthernMedical University.
For the patients, inclusion criteria were as follows: (1) clinically
diagnosed as cLBP (Kreiner et al., 2020); (2) the results assessed
by the self-rating anxiety scale (SAS) and self-rating depression
scale (SDS) are normal; (3) no fMRI contraindication; (4) did not
receive psychological induction training; (5) no cerebral lesions;
and (6) no mental or neurological disease. For the controls,
inclusion criteria were the same as the patients except for the
diagnosis of cLBP, and the demographic characteristics of all
subjects (age, gender, and education) were collected.

This experiment was approved by the ethics committee of
Zhujiang Hospital of Southern Medical University (Ministry of
Health of the PRC, 2018). All subjects signed informed consent.
We explained the detailed instructions, experimental procedures,
possible risks and discomforts of the study to all volunteers, and
answered their questions in detail.

Procedures
Preparation of the Pain Model
To match the patient’s pain status, we set up an experimental
pain-exposed model for each healthy subject. The process was
as follows: With subjects in a lateral decubitus position, an
indwelling needle attached to a 2-ml syringe containing 2 ml
of sterile hypertonic (3%) saline was inserted into the lower
back muscles, 2 cm to the right of the 4th lumbar vertebra.
The time that was taken for the pain caused by the needle
puncture to subside ranged from 10 to 30 s in all subjects. After
the pain resolved, subjects turned from the lateral decubitus to
the supine position, and the hypertonic saline was injected into
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the lower back muscles of the subjects through the indwelling
needle at a speed of 0.15 ml/min, maintaining pain until all scans
were completed.

Scanning Materials Preparation
The best bottom-up input to produce emotional resonance
may be to observe the facial expression of the target directly
(Goubert et al., 2005). Besides, many previous studies used
photos of limbs with noxious stimuli as empathic stimuli (Gu
and Han, 2007; Gu et al., 2010). Consequently, photographs
related to pain with both facial expressions and body language
may be better experimental stimulus materials for empathy.
Before the experiment, we collected photographs that met the
above features from various online picture websites. We then put
more than 100 questionnaires into society to screen out photos
that can cause public empathy. The photos screening paradigm
through questionnaire survey was based on a previous pioneering
study (Jackson et al., 2005). We finally screened 24 photos as
experimental stimulus materials (see Supplementary Figure S1,
Table S4 for photo screening). The scanning process was fully
explained to each subject and they were instructed to focus on
the content of the stimululs materials rather than other things
during the scanning process.

Scanning Process
Brain scanning consisted of three sessions. First, the T1 sequence
was performed. Second, the brain functional sequence was
performed and the duration of this session was 6 min. In this
session, the stimulus materials were displayed in two consecutive
rounds for each participant, and each photo was presented for
7.5 s. Third, each subject underwent a DTI sequence scan lasting
8 min.

Postscan Tests
Immediately after the scan, each subject was asked to rate their
current pain intensity, discomfort ratings (‘‘How uncomfortable
were you when you saw these photos?’’), and the intensity of
pain suffered by the individual in each photo (‘‘How painful
do you think the person in the photo is?’’). The assessment of
pain intensity of oneself and others can be used to measure
the cognitive-evaluative dimension of subjects. The evaluation
of the degree of discomfort after receiving stimulation can be
used to measure the emotional dimension of empathy (Rutgen
et al., 2015). The visual analogue scale (VAS) ranging from 0 to
10was used to quantify these types of evaluations, for which 0was
painless or no discomfort, and 10 was the maximum intensity of
pain or discomfort. The subjects also completed the 20-item BES-
A. Each item had a score ranging from 1 to 5, for which one was
completely inconsistent, and five was completely consistent. The
20 items were equally divided into three subscales: emotional
contagion, emotional disconnection, and cognitive empathy, so
that the empathy capacity of subjects could be quantified from
different dimensions.

Data Acquisition and Processing
Data Acquisition
All image data were collected by a Philips 3.0 T Achieva
magnetic resonance imager in Zhujiang Hospital, Southern

Medical University, and scanned in a standard radio-frequency
head coil. T1 data were acquired with a T1-weighted rapid spin
echo sequence: repetition time (TR)/echo time (TE) = 25/3 ms;
flip angle = 90◦; field of view (FOV) = 220 mm × 220 mm;
matrix size = 256 × 256; 0.859 mm × 0.859 mm in-plane
resolution; slice thickness = 5 mm; 24 slices; slice gap = 0.7 mm.
FunctionalMRI data were acquired using a T2∗-weighted, single-
shot, gradient-recalled echo planar imaging (EPI) sequence,
TR/TE = 2,000/35 ms; field of view (FOV) = 230 mm × 230 mm;
matrix size = 64× 64; flip angle = 90◦; 3.4 mm× 3.4mm in-plane
resolution; slice thickness = 5 mm; 24 slices; slice gap = 0.7 mm;
number of signals averaged (NSA) = 1. DTI data were acquired
using a single-shot EPI sequence: TR/TE = 12,500/112 ms;
FOV = 256 mm × 256 mm; matrix = 128 × 128; 2 mm × 2 mm
in-plane resolution; number of slices = 75; slice thickness of
2 mm and no gap. There were 33 images acquired for each scan:
32 diffusion-weighted images (b = 1,000 s/mm2) and 1 non-
diffusion-weighted image (b = 0 s/mm2).

DTI Data Preprocessing
The Pipeline for Analyzing braiN Diffusion imAges toolbox
(PANDA1) was used to preprocess the DTI data (Cui et al., 2013).
PANDA is a toolbox designed for pipeline processing of diffusion
MRI images implemented in MATLAB. Pre-processing included
DICOM data conversion, skull removal (the threshold was 0.25),
correction of eddy current distortion, and head motion. A
voxel-wise tensor matrix map and fractional anisotropy results
were obtained for each subject after producing diffusion metrics.

Tract-Based Spatial Statistics
Tract-Based Spatial Statistics (TBSS; Smith et al., 2006) were
employed to evaluate voxel-based whole-brain white matter
measures and the values of fractional anisotropy (FA, one of
the important measures of water molecule diffusion, which
characterizes the anisotropy of water molecule diffusion and can
reflect the integrity of the myelin sheath and axon membrane).
The TBSS analysis was carried out using the FMRIB software
library (FSL 4.1.42). Briefly, all FA images were nonlinearly
registered to the FMRIB58_FA template space. The mean FA
image and the white matter tract skeleton (FA threshold was
0.2 to exclude non-WM voxels) were then created. Each subject’s
aligned FA image was then projected onto this skeleton. Finally,
the Johns Hopkins University ICBM-DTI-81 White-Matter
atlas3 provided in the FSL toolbox was overlaid on the white
matter skeleton, and the FA values of 50 WM regions of interest
(ROIs) defined in this standard space were extracted.

fMRI Data Preprocessing
The fMRI image data were pre-processed with the Data
Processing Assistant for Resting-State fMRI (DPARSF4) on the
MatlabR2014a platform. Pre-processing included DICOM data
conversion, removing the first 10 time points, correcting slice-
timing, realignment, nuisance regressors, spatial normalization,
smoothing, linear de-trending, and filtering. The first 10 volumes

1http://www.nitrc.org/projects/panda
2http://www.fmrib.ox.ac.uk/fsl
3http://cmrm.med.jhmi.edu/
4http://rfmri.org/DPARSF
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of each scan were discarded to eliminate the instability of the
machine magnetic field and the maladjustment of the subject.
The motion time courses were used to select subjects’ head
movements of <2 mm in translation and 2◦ in rotation, which
were used for further analysis. The nuisances including white
matter signals, cerebrospinal fluid signals, and global signal
were removed. The images of each subject were registered to
the standard plane echo imaging template and resampled at
a resolution of 3 mm × 3 mm × 3 mm. The normalized
functional images were smoothed spatially using a 6-mm full
width at half maximum (FWHM) Gaussian kernel. Finally, linear
de-trending was used to reduce the effects of very low-frequency
drift and filtering was used to retain the low-frequency band
(0.01–0.08 Hz).

Location of ROI in Functional Image
As the core brain region of pain empathy, the anterior insula
(AI) plays an important role in the emotion-cognitive empathy
network. Therefore, locating the ROI in the AI is an important
means to explore the joint nodes of the brain network of empathy
for pain. In our study, the specific ROI coordinate of AI (x =−32,
y = 25, z = 9) was based on our DTI data analysis (for detailed
information, see Supplementary Materials), and a spherical
ROI with a radius of 3 mm centered on the MNI coordinate
was generated.

Functional Connectivity Analysis
We used the functional connectivity (FC) function in the rest
toolkit5 to perform a functional connectivity analysis of the time
series of the ROI and the time series of each voxel within the
brain. Then, the Pearson correlation coefficients between the
time series of brain voxels were obtained, and the Fisher’s r-to-
z transform was used to convert the correlation coefficients into
Z-scores to obey the normal distribution. ROI-to-whole-brain
FC analysis was performed on the patients and healthy controls,
based on Gaussian random field theory (GRF) correction (voxel-
level p < 0.001, cluster-level p < 0.05), and the minimum voxel
threshold was set to 20. Finally, each subject’s brain Z-score
image was acquired (Figure 2).

Based on the results of voxel-wise analysis, each brain region
with abnormal functional connectivity to ROI in patients with
cLBP was included in the ROI–ROI analysis. These brain regions
were set to spherical ROIs with a radius of 3 mm centered
on the MNI coordinate point, and the time series of each
ROI (including the initial ROI) was extracted and incorporated
into the ROI-Wise analysis module in the rest toolkit. We
then calculated the correlation coefficient based on time series
between the ROIs, and generated an n × n FC matrix (n is the
number of ROI). Finally, the statistical analysis of the inter-group
FC matrix was carried out.

Statistical Analysis
The SPSS22.0 (SPSS, Chicago, IL, USA) software package
was used to conduct statistical analysis on the demographic
characteristics, BES-A scores, and behavior data of subjects
in both groups. Two independent sample t-tests were used

5http://www.restfmri.net/forum/rest

for comparing the data between groups. Non-parametric tests
were used for data that were not normally distributed. Pearson
correlation analysis was used to calculate the correlation
between the FC correlation coefficient with the behavioral
results (Spearman correlation analysis for data that did not
obey the normal distribution). Chi-square test was used for
comparing the dichotomous variables between groups. All
statistical assessments were two-tailed, and the significance
threshold was p< 0.05. The results satisfying normal distribution
were expressed as means ± standard deviations; otherwise, they
were expressed asmedian (InterQuartile Range). The effect of age
on behavioral data is shown in the Supplementary Tables S1, S2.

The FMRIB software library was used for statistical analysis
of DTI data, the significance threshold for intergroup differences
was p < 0.05 [family-wise error (FWE) corrected for multiple
comparisons performed by permutation test with threshold-free
cluster enhancement (TFCE)], and the number of permutations
was set to 5,000. The rest toolkit was used for statistical analysis
of fMRI data, and the significance threshold for intergroup
differences was also p < 0.05. The resulting images were shown
by the rest toolkit, and the FC correlation coefficient between
the brain areas was shown by Circlize (Gu et al., 2014). Age was
entered into the statistical analysis as a confound regressor in
both fMRI data and DTI data.

RESULTS

Demographic and Behavioral Data
One patient and three healthy controls were excluded due to poor
image quality. There were no significant differences between
the groups in education, gender, self-report pain intensity, and
others’ pain intensity distribution. The age (p < 0.001) and the
discomfort rating (p = 0.014) distribution between the groups
were significantly different (Table 1). For the BES-A scale, there
were no significant differences between the groups in the subscale
scores of emotional contagion. The total scores (p = 0.005),
the subscale scores of emotional disconnection (p = 0.017),
and cognitive empathy (p = 0.015) between the groups were
significantly different (Table 1).

Correlation Analysis
In the cLBP group, the functional connectivity between the AI
and right parahippocampal gyrus (PHP) showed a significant
correlation with the discomfort ratings (p < 0.001, r = 0.6456),
the functional connectivity between the AI and left dorsolateral
prefrontal cortex (DLPFC) showed a significant correlation with
the cognitive empathy scores (p = 0.0063, r = 0.5416), the
functional connectivity between the left superior parietal lobule
(SPL) and right precuneus showed a significant correlation with
the emotional disconnection scores (p = 0.0251, r = 0.4561), but
no correlation was found between the SPL-DLPFC functional
connectivity and the emotional disconnection scores (Figure 3).
No correlation was found between the BES-A scores and the FA
values (Supplementary Table S3).
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TABLE 1 | Demographic and clinical characteristics and behavioral scores of the participants.

Patients (n = 24) Controls (n = 22) Test statistics P-value

Demographic features
Age, years 39.17 ± 8.36 24.91 ± 2.96 7.567 <0.001
Education, years 13.17 ± 1.63 13.23 ± 1.72 −0.123 0.903
Sex ratio, male 9 (37.5%) 8 (36.4%) 0.006* 0.937
Clinical features
Duration of pain, months

3–6 months 4 (16.7%) NA NA NA
7–12 months 2 (8.3%) NA NA NA
>12 months 18 (75%) NA NA NA

Pain symptom severity
Pain intensity, by VAS 5 (2.5) 5 (3) −1.414** 0.157
Empathy rating
Discomfort, by VAS 7 (3.5) 5 (2.5) −2.425** 0.014
Other pain, by VAS 8.5 (1.75) 7.85 (2.58) −1.078** 0.281
BES-A scores
Emotional contagion 19.71 ± 4.51 21.55 ± 3.13 −1.592 0.119
Cognitive empathy 30.04 ± 6.58 33.95 ± 3.18 −2.530 0.015
Emotional disconnection 20.79 ± 5.55 23.95 ± 2.65 −2.500 0.017
Total 70.54 ± 13.17 79.45 ± 5.75 −3.017 0.005

**Non-parametric tests. *Chi-square test. The results satisfying normal distribution were expressed as means ± standard deviations; otherwise, they were expressed as median
(interquartile range). NA, not applicable; VAS, visual analogue scale (ranging from 0 to 10). Other pain = “How painful do you think the person in the photo is?” Discomfort = “How
uncomfortable were you when you saw these photos?”.

TABLE 2 | The fractional anisotropy values of the participants.

Regions Patients Controls t-value P-value

ATR.L 0.37 ± 0.03 0.39 ± 0.02 −2.897 0.006
ATR.R 0.36 ± 0.03 0.37 ± 0.01 −2.485 0.018
gCC 0.56 ± 0.03 0.59 ± 0.02 −3.921 <0.001
bCC 0.54 ± 0.04 0.58 ± 0.03 −3.977 <0.001
sCC 0.62 ± 0.03 0.65 ± 0.02 −3.621 0.001
PTR.R 0.51 ± 0.04 0.53 ± 0.02 −2.515 0.016
SLF.R 0.43 ± 0.03 0.45 ± 0.02 −2.536 0.015
ACR.L 0.36 ± 0.04 0.39 ± 0.02 −3.040 0.004

All the data satisfying normal distribution. ATR, anterior thalamic radiation; gCC, genu of corpus callosum; bCC, body of corpus callosum; sCC, splenium of corpus callosum; PTR,
posterior thalamic radiation; SLF, superior longitudinal fasciculus; ACR, anterior corona radiata.

fMRI and DTI Results
The cLBP group showed significantly reduced FA values in
the corpus callosum (CC), bilateral anterior thalamic radiation
(ATR), right posterior thalamic radiation (PTR), right superior
longitudinal fasciculus (SLF), and left anterior corona radiata
(ACR; Table 2 and Figure 1).

Compared with the EP group, the cLBP group showed
increased AI functional connectivity to the left DLPFC, left
fusiform gyrus, left SPL, right precuneus, left postcentral
gyrus, right PHP, and bilateral cerebellum. The left caudate
demonstrated a noticeably decreased connectivity to the AI.
The left SPL showed increased functional connectivity to the
left fusiform gyrus, left DLPFC, and right precuneus. The left
fusiform gyrus showed increased functional connectivity to
the left DLPFC. The left caudate showed increased functional
connectivity to the right parahippocampal gyrus (Table 3,
Figure 2).

DISCUSSION

The empathy for pain has long been a focus of social
psychology research. With the progress of research methods and

technologies, the study of empathy for pain has developed into
a multi-disciplinary and dynamic field, attracting great interest
from disciplines such as cognitive psychology, and emotional
and cognitive neuroscience. However, as a complex physiological
and psychological experience involving multiple dimensions, the
exploration of the neurogenesis and development mechanisms
of empathy for pain is still in its infancy. At present, there is
still a lack of research on whether the progress of some diseases
will affect a patients’ ability for pain empathy and then foster
social prejudice. In our study, the protocol was specially designed
for neuroimaging the change of pain empathy in patients with
chronic lower back pain. The behavior measure results showed
that there was a significant difference in self-experienced negative
emotions (as defined by ‘‘discomfort’’ rating) between the two
groups, which is considered to be one of the most specific
assessment methods of affective sharing (Singer and Lamm,
2009). For the evaluation results of the BES-A scale, cLBP not
only showed a weaker capacity for cognitive empathy but also
scored lower on emotional disconnection. The heterogeneity
of these behavioral measurement results may provide us with
the possibility to combine them with neural measurements for
further discussion.
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FIGURE 1 | Diffusion tensor imaging (DTI) results with significant difference
between groups. (A) White matter tracts with significant fractional anisotropy
(FA) values change between groups. The upper left number represents the
MNI coordinate slice position. Warm tone (red) represents white matter tracts
reference system, while cold tone (blue) represents white matter tracts with
significant FA values changes between groups. (B) The comparison of FA
values of white matter tracts with significant differences between groups.
Experimental = patients. Control = healty control. *p < 0.05; **p < 0.01;
***p < 0.001.

Broadly speaking, empathy is generally composed of cognitive
empathy and emotional empathy. Cognitive empathy includes
the abilities associated with ‘‘mentalizing,’’ such as ‘‘perspective-
taking,’’ ‘‘self-other distinction,’’ and ‘‘working memory.’’
Emotional empathy, on the other hand, involves responding
emotionally to the emotional states of others. This so-called
‘‘affective sharing,’’ which involves activation of the ‘‘empathy’’
brain network regarding a certain emotion that underpins the
first-hand experience of that emotion (Lamm et al., 2019). As the

core brain area of the empathy network, neuroimaging studies
have found that the AI plays a key role in the integration of pain,
negative emotion processing, affective sharing, sensory coding,
and cognitive control (Shackman et al., 2011; Decety et al.,
2012). Therefore, AI is activated in both emotional empathy and
cognitive empathy, which requires in-depth analysis.

In the field of cognitive empathy, ‘‘mentalizing’’ is an
aggregation of various cognitive functions. When cognitive
empathy is activated, the activity of several brain areas related
to cognitive function enables the brain to analyze the incoming
empathy information based on prior knowledge and previous
experience, infer the other’s intentions and thoughts, and read
the mental state of others without confusing the external
information with the own experience, thus producing the
top-down empathy regulation effect (Goubert et al., 2005).
In our study, cLBP had lower scores of cognitive empathy
subscale in BES-A, indicating that cLBP cognitive empathy
ability was impaired. However, the term ‘‘cognition’’ is too
broad, so it needs to be refined at the neuroscience level.
Our results showed that the cLBP’s FC correlation coefficient
between the caudate and AI decreased, while that of the AI
and DLPFC increased. The cLBP’s FC correlation coefficient
between the AI and DLPFC showed a significant correlation
with the cognitive empathy scores. Research has found that the
caudate is connected to the prefrontal lobe through multiple
parallel circuits. One of them, the dorsolateral loop, which
connects the DLPFC and caudate, is considered to be closely
related to executive function (Kemp et al., 2013). As a high-level
cognitive ability, executive function is regarded as the control
mechanism of the brain and covers the process of planning,
decision-making, judgment, self-regulation, and inhibition. It
is essential for goal-oriented behavior and for responding to
new events (Chung et al., 2013). Therefore, in this study,
we believe that the impairment of cognitive empathy ability
in cLBP is related to the low connectivity of the executive
function loop. Furthermore, the above discussion seems to be
supported by the structural MRI results. The DTI results showed
decreased FA values of ACR and genu of corpus callosum
(gCC) in cLBP. The damages of ACR and gCC have also been
reported in various pain diseases studies (DeSouza et al., 2014;
Chong and Schwedt, 2015). As white matter tracts radiate to a
wide area of the prefrontal lobe, the decrease of FA values of the

TABLE 3 | The brain regions with significant functional connectivity strength between groups.

Regions R/L BA Cluster size MNI z values

voxels x y z

Cerebellum posterior lobe L 42 −21 −75 −42 4.3892
Cerebellum anterior lobe R 87 6 −69 −15 4.5225
PHP R 35 21 24 −18 −27 4.7116
Fusiform gyrus L 37 38 −33 −54 −12 4.1623
Caudate L 22 37 −18 24 9 −4.2419
Precuneus R 39 274 9 −63 18 5.1913
DLPFC L 4/6 100 −48 6 54 5.0656
SPL L 7 27 −33 −54 63 4.8991
Postcentral gyrus L 1/2/3 23 −45 −27 66 4.9983

The minimum voxel threshold was set to 20, based on Gaussian random field theory (GRF) correction (voxel-level p < 0.001, cluster-level p < 0.05). BA, Brodmann areas; MNI,
Montreal Neurological Institute; PHP, parahippocampal gyrus; DLPFC, dorsolateral prefrontal cortex; SPL, superior parietal lobule.
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FIGURE 2 | Functional magnetic resonance imaging (fMRI) results with
significant difference between groups. (A) The brain map of voxel-wise
functional connectivity analysis results. The upper left number represents the
MNI coordinate slice position. Warm tone (red) represents brain regions with
increased functional connectivity strength between groups, while cold tone
(blue) represents brain regions with decreased functional connectivity strength
between groups. (B) Circlize map of functional connectivity between groups
from ROI–ROI analysis. The parameters represent the strength of the
functional connectivity. PG, postcentral gyrus; aCerebellum, anterior
cerebellum; pCerebellum, posterior cerebellum. The parameters represent the
functional connectivity (FC) correlation coefficient. Different colors represent
different brain regions. For example, yellow represents caudate, and yellow
curve represents the FC between caudate and parahippocampal gyrus (PHP).

ACR and gCC is related to abnormal myelination, axon loss, and
inflammation. This means that the functional connection and
information transmission between the prefrontal lobe and other
brain areas are damaged, which affects the top-down regulation
of empathy.

The current study also found that the cLBP had lower
scores of emotional disconnection subscale in BES-A. Emotional
disconnection is considered to be self-protection regulation
mechanism. When witnessing others being hurt, emotional
disconnection enables individuals to correctly distinguish the
boundaries between themselves and others and to protect
individuals against injury and emotional impact (Carré et al.,
2013). However, excessive self-protection and resistance to the
influence of the external environment will breed indifference.
Individuals can easily immerse themselves in their own world
and gradually lose the ability to turn their attention outward,

which eventually breeds emotional diseases (Hugdahl et al.,
2015). In this study, our results showed a circuit with
decreased functional connection, which is associated with
emotional disconnection, namely, SPL–precuneus–AI–caudate.
The cLBP’s FC correlation coefficient between the SPL and
precuneus showed a significant correlation with the emotional
disconnection scores. The main function of the precuneus
is related to ‘‘perspective-taking’’ (Lamm et al., 2011), which
allows subjects to generate empathy not only through direct
observation but also through imaging other people’s emotions.
Furthermore, the precuneus is also involved in the identification
and processing of emotional valences in others (Pires et al., 2018).
Therefore, we can make an inference in the current study: when
patients with cLBP are watching photos, the precuneus with
abnormal activities transfers the wrong evaluation information to
the executive network, thus affecting the ability to empathize. In
addition, the SPL andDLPFC are considered part of the attention
network (Corbetta and Shulman, 2002; Fritz et al., 2016). The
abnormal functional connection state of SPL and DLPFC caused
incorrect attention resources allocation. Although no correlation
was found between the SPL-DLPFC functional connectivity and
the emotional disconnection scores, there was still a tendency
towards statistical significance (r = 0.39, p = 0.0586). As a
result, we can still assume that the cLBP reduced the resource
distribution of external attention and allocated more attention
resources to self-regulation, which is one of the reasons for
the decreased scores of emotional disconnection in cLBP. For
structural MRI analysis, the DTI results showed a decreased
FA value of the right SLF in cLBP. Research has found that
the white matter tract of SLF underlying the temporoparietal
cortex and the right temporoparietal junction are considered
to be a component of the ventral attention network, a right-
lateralized supervisory system (Kucyi et al., 2012). Consequently,
the damage of the SLF tracts may affect the distribution of
attention resources and then affect the discrimination of self and
other emotional states.

A study has proposed that the discomfort ratings of watching
photos may be the most appropriate index to evaluate the
ability of affective sharing (Singer and Lamm, 2009). In our
study, higher discomfort ratings of cLBP represent an abnormal
increase in cLBP’s ability to share others’ emotions. The cLBP’s
FC correlation coefficient between the AI and PHP showed a
significant correlation with the discomfort ratings. The fMRI
results showed that the FC correlation coefficient between the
fusiform gyrus and AI and that between the AI and PHP were
both increased in cLBP. The fusiform gyrus is considered to be
an important brain area for facial recognition, and damage to
the fusiform gyrus usually results in long-term facial recognition
problems (Ghuman et al., 2014). Thus, the fusiform gyrus is
the primary activation area of the whole empathy process. The
increased functional connectivity between the fusiform gyrus and
other brain regions indicated that cLBP enhances the recognition
of the face, i.e., increases the bottom-up input. Research has
found that the main function of PHP is to extract emotional
memory (de Greck et al., 2013). Other studies have found that
an individual’s prior experience of pain makes them more likely
to develop an empathic response (Goubert et al., 2005), which we
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FIGURE 3 | Correlation analysis between the functional connectivity and the behavioral results in the chronic low back pain (cLBP) group. (A) Correlation analysis
between the subscale scores of emotional disconnection and the functional connectivity coefficient of superior parietal lobule (SPL)-precuneus. (B) Correlation
analysis between the subscale scores of cognitive empathy and the functional connectivity coefficient of dorsolateral prefrontal cortex-anterior insula (DLPFC-AI).
(C) Correlation analysis between the subscale scores of emotional disconnection and the functional connectivity coefficient of SPL-DLPFC. (D) Correlation analysis
between the subscale scores of discomfort ratings and the functional connectivity coefficient of AI-PHP.

consider may be related to deep pain memories. Therefore, in
this experiment, we infer that the increase of bottom-up input
and the enhancement of pain emotional memory extraction
made cLBP more willing to report unpleasant experiences. For
structural MRI analysis, the DTI results showed a decreased
FA value of ATR and splenium of corpus callosum (sCC) in
cLBP. Some studies have found that the ATR is related to the
memory and emotional response of autonomic arousal (Huang
et al., 2016), while the sCC is closely related to the processing of
somatosensory and external input information (Lieberman et al.,
2014). The decrease of FA values of these two white matter tracts
seems to contradict the fMRI results.

However, a large number of studies have reported that the
FA value of the white matter tracts related to somatosensory
in patients with chronic pain is decreased (DeSouza et al.,
2014; Chong and Schwedt, 2015; Leung et al., 2018), but many
patients with chronic pain have symptoms such as hyperalgesia
and catastrophizing. Thus, it is worth noting that although the
abnormality of the white matter tracts represents the abnormality
of related functions, it is not necessarily the decrease. In
this study, the damage of the ATR and SCC tracts seems to
be consistent with the abnormally enhanced affective sharing
ability of cLBP.

LIMITATIONS

Although the results of this study demonstrate the impaired
empathy ability of cLBP patients, we still need to pay attention

to some shortcomings in this study. First, the sample size was
small. The sample size of each group in this study is about
23 cases, which may decrease generalizability. It is necessary
to increase the sample size in future experiments. Second, the
covariate effect of the age gap on behavior data did not reach
statistical significance. However, the significant difference in age
distribution between the groups should be avoided in future
studies. Third, voxel-based morphometry is useful for studying
the damage of chronic pain to the volume of cerebral gray matter,
and it could be employed in future experiments. Fourth, selecting
multiple ROIs in the same brain area can detect the changes
of functional connectivity more thoroughly. Therefore, multiple
ROIs and even symmetrical ROIs in brain regions of interest need
to be considered in future studies.

CONCLUSION

In conclusion, we found that patients with cLBP have
impaired empathy ability, which involves cognitive empathy
and emotional empathy. We found that the impairment of
cognitive empathy is mainly related to the impairment of
attention network in patients with cLBP, while the damage of
emotional empathy is related to the pain emotional memory. The
lower behavioral scores, the abnormal functional connectivity
of multiple brain networks, the correlation between behavioral
scores and functional connectivity of brain regions, and multiple
damaged white matter tracts in chronic pain patients supported
our findings. These findings enrich the neural theory of the
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change of empathy in patients with cLBP. Moreover, we hope
that these findings will call attention to the impairment of
prosocial behavior in patients with chronic pain.
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