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Purpose: The present study was attempted to compare the differences in gray matter
volume (GMV) between the acute eye pain (EP) patients and the healthy controls
(HCs) using voxel-based morphometry (VBM), and to explore the relationship with
clinical features and behavioral performance.

Methods: A total of 24 patients (17 males, 7 females) with acute EP and 24 (17 males,
7 females) age-, sex-, and education-matched HCs were recruited from the
Ophthalmology Department of the First Affiliated Hospital of Nanchang University.
Functional magnetic resonance imaging (fMRI) scans were conducted in all subjects.
We analyzed the original three-dimensional (3D) T1 brain images by VBM and
compared the GMV values with the HCs. The acute EP patients can be distinguished
from the HCs by receiver operating characteristic (ROC) curve.

Results: Compared with HCs, the acute EP patients had significantly lower GMV
values in the brain regions of the left cerebellum posterior lobe, the left limbic lobe,
the right insula, the left insula, the left thalamus, the left caudate, and the right
cuneus. In addition, the WMV values of the whole brain in acute EP patients decreased
slightly.

Conclusions: These results demonstrated that the acute EP patients showed an
abnormal reduction in GMV in some brain regions, which might provide valuable
information for further exploration of underlying neural mechanisms. These abnormal
brain regions may reflect the functional disorders of acute EP patients in
somatosensory, motor, cognitive functions, and so on.

Translational Relevance: The VBM study provides a diagnostic method for
identifying the cause of acute EP, additionally, a novel direction was presented for
further exploration of underlying neural mechanisms of acute EP.

Introduction

Eye pain (EP) is a common symptom of many eye
diseases. There are many diseases known to cause eye
pain, such as infectious keratitis, dry eye, scleritis,
iridocyclitis,1 and so on. The cornea is supplied by the
ophthalmic branch of the trigeminal nerve and is one
of the most densely innervated structures of the body.
It is very sensitive to external stimuli due to the rich
corneal nerve fibers. Keratitis or corneal ulcer will

lead to severe ocular pain with symptoms, such as
photophobia, tears, and headache.2 The prevalence of
infectious keratitis was 0.192% and the prevalence of
viral, bacterial, and fungal keratitis was 0.11%,
0.075%, and 0.007% according to a cross-sectional
study from China.3

Corneal nerve damage triggers the peripheral and
central trigeminal sensory network then causes
corneal pain.4 It has been confirmed in a study that
corneal pain activated the trigemino-parabrachial
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pathway.5 Several lines of evidence indicated that
corneal pain might be associated with activation of
the primary somatosensory cortex. In addition,
corneal pain could lead to neuronal activation in the
spinal trigeminal nucleus, insular cortex, and anterior
cingulate cortex.6,7 Studies have demonstrated that
EP is accompanied by mental disorders. For instance,
dry eye (DE) patients with EP suffer from insomnia
and depression.8–10 In addition to eye symptoms, a
large number of EP patients complain of headache.
Although the main causes of EP can be easily
diagnosed by simple examination techniques, some-
times the etiology is not so apparent that may turn to
neuroimaging diagnosis.11,12 This provides direction
and idea for us to explore the underlying pathophys-
iology of EP and carry out the complex differential
diagnosis.

Functional magnetic resonance imaging (fMRI)
has been successfully applied to evaluate brain
activity changes in different pain-related diseas-
es.13–15 And several fMRI studies have demonstrated
that synchronous neuronal activity may have a
crucial role in neurophysiological activity.16,17 In
our previous studies, we have used amplitude of low-
frequency fluctuation (ALFF) method and regional
homogeneity (ReHo) method to explore brain
activity alterations in acute EP patients.18,19 Al-
though the findings showed neuronal morphologic
alterations in the EP patients, the understanding of
anatomic neuromechanism of acute EP still remains
unknown.

Voxel-based morphometry (VBM) is a commonly
used tool for studying patterns of brain change in
development or disease and neuroanatomic correlates
of subject characteristics.20 As a novel MRI technol-
ogy, VBM has been broadly used in eye diseases in
recent years, which provides a powerful tool for
clarifying the pathophysiological mechanism and
monitoring the course of diseases. The VBM method
has already been used in diagnosis, treatment, and
prognosis evaluation in many eye diseases, such as
amblyopia, strabismus, glaucoma, optic neuritis, and
so on.21–24 In particular, the VBM method has
achieved good results in exploring the neural mech-
anisms of nervous and mental diseases, such as
Alzheimer’s disease and schizophrenia.25,26 To the
best of our knowledge, the current study is the first to
detect the differences of GMV between EP patients
and healthy controls (HCs) and to explore their
clinical manifestations, which provide a significant
basis for the study of the pathogenesis and treatment
of EP.

Materials and Methods

Subjects

This study included 24 patients with acute EP (17
males, 7 females) from the Ophthalmology Depart-
ment of the First Affiliated Hospital of Nanchang
University. The inclusion criteria on patients with
acute EP included (1) acute EP patients with keratitis
or corneal ulcer of the eyes, and (2) bilateral eyes
without any other ocular diseases (amblyopia, stra-
bismus, cataracts, optic neuritis, glaucoma, retinal
degeneration, etc.). The exclusion criteria for EP
patients were as follows: (1) chronic EP symptoms for
a long time (.3 weeks); (2) EP due to glaucoma or
ocular trauma; (3) EP with serious related complica-
tions (orbital cellulitis, ocular perforation, endoph-
thalmitis, or other serious conditions); (4) EP patient
with associated pain, such as a headache in other
parts of the body; and (5) cardiovascular diseases,
such as heart disease or hypertension. Twenty-four
HCs (17 males and 7 females) with age-, sex-, and
education status–matched subjects in the EP group
participated in our study. All the HCs met the
following criteria: (1) no ocular diseases (strabismus,
amblyopia, dry eye, cataracts, glaucoma, etc.); (2)
naked eye corrected visual acuity .1.0; (3) ability to
be scanned with an MRI (no cardiac pacemaker or
implanted metal devices); and (4) no psychiatric
disorders (bipolar disorder, depression, etc.).

The research was approved by the medical ethics of
the First Affiliated Hospital of Nanchang University.
And the research methods followed the Declaration
of Helsinki and were in line with the principles of
medical ethics. All participants volunteered to partic-
ipate and understand the purpose, methods, and
potential risks and signed informed consent.

MRI Parameters

Three-Tesla MR scanner (Trio; Siemens, Munich,
Germany) was applied to perform the MRI scanning.
We acquired the functional images using a spoiled
gradient–recalled echo sequence with the following
parameters: repetition time ¼ 1900 ms, echo time ¼
2.26 ms, flip angle ¼ 98, thickness ¼ 1.0 mm, field of
view¼ 2503 250 mm, gap¼ 0 mm, inplane resolution
¼2563256, and we obtained 176 images. Finally, 240
functional volumes (repetition time ¼ 2000 ms, echo
time ¼ 30 ms, flip angle ¼ 908, slice thickness ¼ 4.0
mm, field of view ¼ 220 3 220 mm, gap ¼ 1.2 mm,
inplane resolution ¼ 64 3 64, 29 axial slices) were
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successfully obtained. The information and MRI
parameters are shown in Table 1.

VBM Analysis

Incomplete functional data were eliminated by
using MRIcro software (www.MRIcro.com). We
processed the structural images with the voxel-based
morphometry toolbox (VBM8; http://dbm.neuro.uni-
jena.de/vbm8/) implemented in Statistical Parametric
Mapping (SPM8; http://www.fil.ion.ucl.ac.uk), which
was running on MATLAB 7.9.0 (R2009b; The
MathWorks, Natick, MA). VBM, features as semi-
automate and unbiased, is a whole-brain technique
for characterizing regional cerebral differences in
structural MRIs.17 On the basis of VBM8, the brains
were segmented into white matter, gray matter, and
cerebrospinal fluid using the default estimation
options (60-mm cut off for estimating the Gaussian
smoothness of bias in image intensity; International
Consortium for Brain Mapping [ICBM] European
template for initial affine transformation). By the
high-dimensional Diffeomorphic Anatomical Regis-
tration Through Exponentiated Lie Algebra (DAR-
TEL) approach implemented in VBM8, we
normalized spatial into the Montreal Neurological
Institute (MNI) standard space. White and gray
matter templates were produced by DARTEL. And
we applied the generated template for all volunteered
participants’ standardized white matter and gray
matter. Then smoothing the modulated volumes
through a 6-mm full-width-at-half-maximum
(FWHM) Gaussian kernel. Finally, presenting the
modulated, normalized, and smoothed images to
group-level analyses.

Statistical Analysis

To investigate the group differences in GMV and
WMV between acute EP groups and the HC, we
performed a general linear model (GLM) analysis
with the SPM8 (http://www.fil.ion.ucl.ac.uk/spm)
toolkit. Setting the significance level at P less than
0.05, and we used Gaussian random field (GRF)

theory correction for multiple comparisons, minimum
z greater than 2.3. To generate a color drawing,
statistically significant voxels were superimposed on
the standardization of 3-dimensional magnetization
prepared rapid-acquisition gradient echo sequences
(3DT1WI). Selecting 20 neighboring voxels to analyze
the atrophy GMV in patients with acute EP. The
mean GMV values in the different brain regions
between the two groups were analyzed by receiver
operating characteristic (ROC) curves.

Brain Behavior

Based on the VBM measuring results, distinct
brain regions were divided into various regions of
interests (ROIs) by using REST software (version,
1.8; www.resting-fmri.Sourceforge.net). We regarded
the average of GMV value over all voxels as the mean
GMV value of each ROI. At last, we applied
correlation analysis to investigate the relationship
between the mean GMV value in different brain
regions in the RD group and the clinical manifesta-
tions. P less than 0.05 was deemed to indicate a
statistically significant difference.

Clinical Data Analysis

All the clinical data of the patients with EP were
gathered, comprising the duration of EP disease,
visual analogue scale (VAS), and best-corrected visual
acuity (VA). The clinical and demographic variables
between EP and HC groups were compared by using
SPSS20.0 software (SPSS, Chicago, IL) with inde-
pendent sample t-test and P less than 0.05 was
deemed to designate a statistically significant differ-
ence.

Results

Demographics and Visual Measurements

There were no significant differences in age (P ¼
0.926) or weight (P ¼ 0.623) between EP group and
HCs. The duration of EP expressed as mean 6

Table 1. Information About MRI Parameters

Date Acquisition Brain Volume Sequence

Scan parameters Repetition time (TR)/echo time (TE) 1900/2.26 ms
Thickness/gap 1/0 mm
Matrix 256 3 256
Field of view (FOV) 250 3 250 mm
Flip angle 98
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standard deviation was 6.08 6 2.12 days. The Best-
corrected VA of two groups are listed in Table 2 in
detail.

VBM Differences

Compared with the HCs group, the EP group had
significantly lower GMV in the brain regions of the
left cerebellum posterior lobe, the left limbic lobe, the
right insula, the left insula, the left thalamus, the left
caudate, and the right cuneus (Fig. 1 [blue] and Table
3). Additionally, we observed that patients with acute
EP had both decreased the mean of GMV values and
WMV values (Table 4).

ROC Curve

It was assumed that the differences of GMV values
between the two groups might be helpful as diagnostic
markers. We used ROC curve to analyze the mean
GMV values of different brain regions. The areas
under the curve (AUC) for GMV values were as
follows: the AUC were 0.908 (P , 0.001) for left
cerebellum posterior lobe, left limbic lobe 0.895 (P ,

0.001), right insula 0.895 (P , 0.001), left insula 0.848
(P , 0.001), left thalamus 0.918 (P , 0.001), left
caudate 0.860 (P , 0.001), and right cuneus 0.838 (P
, 0.001) (Fig. 2).

Correlation Analysis

In the acute EP group, the value of VAS in acute
EP showed a negative correlation with the GMV
value of the left limbic lobe (r ¼ �0.8922, P ,

0.0001). The value of VAS in acute EP showed a
negative correlation with the GMV value of the left
insula (r¼�0.7864, P ¼ 0.0024) and the right insula
(r ¼ �0.9723, P , 0.0001). The duration of EP
showed a negative correlation with the GMV value

of the right isula (r ¼ �0.9099, P , 0.0001). The
details are presented in Figure 4.

Discussion

The value and novelty of our study was to address,
for the first time in the VBM method, changes in
GMV and WMV in acute EP patients. The results
demonstrated that both GMV and WMV reduced in
EP patients compared with HCs. Moreover, we
discovered markedly decreased GMV in the left
cerebellum posterior lobe, the left limbic lobe, the
right insula, the left insula, the left thalamus, the left
caudate, and the right cuneus with the increased eye
pain (Fig. 3).

As mentioned in the previous paragraph, acute eye
pain is a common symptom of many eye diseases,
such as infectious keratitis, dry eye, scleritis, iridocy-
clitis, glaucoma, and so on.1 Except for a clear
etiology leading to eye pain, there is still some
unexplained eye pain even eye pain without visual
symptoms.27 In addition to investigate of the primary
cause, recent studies have not been limited to
ophthalmic diseases, but have explored the relation-
ship between eye pain and systemic diseases, including
pain in other parts of body, mental illness, and
psychiatric disease.28,29 We have investigated neural
activity changes between eye pain patients using
resting-state fMRI in our previous studies.18,19 In
this study, we used VBM method to evaluate GMV
and WMV changes in acute eye patients and to
explore possible underlying mechanisms or causes of
eye pain.

The cerebellum posterior lobe is mainly related to
cognitive function and participates in executive
function and working memory.30 In addition to the
above functions, recent researches have turned to
exploring the role of the cerebellum in perceptual

Table 2. Demographics and Clinical Measurements by Groups

Condition EP HC t P Value

Male/female 17/7 17/7 N/A .0.99
Age, yr 39.85 6 5.79 40.31 6 6.12 �0.079 0.926
Weight, kg 68.68 6 6.89 67.53 6 5.24 �0.364 0.623
Handedness 24R 24R N/A .0.99
Duration of EP, d 6.67 6 2.63 N/A N/A N/A
Best-corrected VA-right eye 0.25 6 0.01 1.01 6 0.22 �0.413 0.001
Best-corrected Va-left eye 0.18 6 0.02 1.02 6 0.21 �0.435 0.001

N/A, not applicable.
* P , 0.05 independent t-tests comparing two groups.
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processes, emotion, and affective disorders.31–33 In
this study, we showed that the left cerebellum
posterior lobe was atrophied in patients with acute
EP. Although we cannot prove that EP patients will
be accompanied by visual impairment, we can put

forward a hypothesis that may occur in the course of
EP patients with visual impairment and even cogni-
tive disorder. It has been proven that the cerebellum is
a transit point for the emotional pathways of the
limbic system, mainly managing the expression of

Figure 1. Regional GMV decrease in patients with acute EP compared with HCs. (A) Significantly decreased areas were observed in the
left cerebellum posterior lobe, the left limbic lobe, the right insula, the left insula, the left thalamus, the left caudate, and the right cuneus.
The blue areas indicate lower GMV brain regions. The significance level was set at P , 0.05, (GRF) theory corrected (z . 2.3). The mean
GMV values between the EPs and HCs group (B).
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negative emotions.34 Therefore, some scholars have
explored the volume of the cerebellum in patients with
depression, the results indicated that the cerebellum
volume of patients with depression reduced, the
ALFF value and the ReHo value of the cerebellum
posterior lobe decreased.35,36 These results are in
accordance with the reduction of the GMV value in
the cerebellum posterior lobe in acute EP patients
discovered in our study.

The limbic lobe (limbic gyrus) consists of the
cingulate gyrus, the parahippocampal gyrus, and the
callosal area.37 The cingulate cortex in the default
mode network (DMN) converge information from
other brain regions to the center. Previous studies
suggest that the anterior gyrus is associated with
behaviors, cognitive processes, and pain responses.38,39

The posterior gyrus is involved in cognition, memory,
and related to some diseases, such as Alzheimer’s
disease.40,41 As a core part of the limbic system, the
parahippocampal gyrus plays an indispensable role in
visual memory and emotions.42 Clinical researches
have indicated that pain-related diseases are involved
in activation of the limbic system.43,44 In our study, the
acute EP patients showed lower GMV values com-
pared with the HCs, which indicated that the
dysfunction of the limbic lobe. It is plausible that the
dysfunction of the limbic lobe reflects negative
emotions that occur in EP patients. Furthermore, we

found that the VAS in patients with acute EP
correlated negatively with the GMV value of the left
limbic lobe (r¼�0.8922, P , 0.0001), which indicated
that the more severe the eye pain, the lower the value
of GMV. This is consistent with our previous

Table 3. GMV Differences Between EP Group and HCs Group

Condition Brain Regions

MNI Coordinates

Cluster Size Peak t ValueX Y Z

EP , NC Cerebellum posterior lobe, L �7.5 �81 �19.5 296 �7.2225
EP , NC Limbic lobe, L �16.5 3 �15 245 �8.0419
EP , NC Insula, R 43.5 7.5 �3 562 �6.8695
EP , NC Insula, L �42 �1.5 �3 460 �5.8375
EP , NC Thalamus, L �1.5 �18 3 185 �9.7415
EP , NC Caudate, L �9 13.5 7.5 94 �6.2255
EP , NC Cuneus, R 9 �84 9 112 �5.1334

The statistical threshold was set at the voxel level with P , 0.05 for multiple comparisons using GRF theory (z . 2.3, P ,

0.001, cluster . 80 voxels, AlphaSim corrected).

Table 4. Comparison of Whole Brain Volume
Between EP Group and HC Group

GMV (ML) WMV (ML)

EPs group 619.60 6 53.43 460.89 6 60.50
HCs group 634.62 6 50.17 472.09 6 38.83
t �0.917 �0.707
P 0.365 0.484

Figure 2. ROC curve analysis of the GMV values for altered brain
regions. The AUCs were 0.908 (P , 0.001; 95% CI: 0.819–0.996) for
LCPL, LLL 0.895 (P , 0.001; 95% CI: 0.800–0.990), RI 0.895 (P ,

0.001; 95% CI: 0.801–0.989), LI 0.848 (P , 0.001; 95% CI: 0.721–
0.974), LT 0.918 (P , 0.001; 95% CI: 0.830–1.000), LC 0.860 (P ,

0.001; 95% CI: 0.743–0.977), and RC 0.838 (P , 0.001; 95% CI:
0.713–0.962). LCPL, left cerebellum posterior lobe; LLL, left limbic
lobe; RI, right insula; LI, left insula; LT, left thalamus; LC, left
caudate; RC, right cuneus.
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Figure 3. The GMV values of altered brain regions in the EP group. Compared with the HCs, the GMV of the following regions were
decreased to the following various extents: (1) cerebellum posterior lobe, L (t¼�7.2225); (2) limbic lobe, L (t¼�8.0419); (3) insula, R (t¼
�6.8695); (4) insula, L (t ¼�5.8375); (5) thalamus, L ( t ¼�9.7415); (6) caudate, L (t ¼�6.2255); and (7) cuneus, R (t ¼�5.1334) in EP
patients. The sizes of the spots denote the degree of quantitative changes. L, left; R, right.

Figure 4. Correlation between the mean GMV values of the differences and the behavioral performances. The value of VAS in acute EP
showed a negative correlation with the GMV value of the left limbic lobe (r ¼�0.8922, P , 0.0001) (A). The value of VAS in acute EP
showed a negative correlation with the GMV value of the left insula (r¼�0.7864, P¼ 0.0024) (B). The value of VAS in acute EP showed a
negative correlation with the GMV value of the right insula (r ¼ �0.9723, P , 0.0001) (C). The duration of EP showed a negative
correlation with the GMV value of the right isula (r ¼�0.9099, P , 0.0001) (D).

7 TVST j 2019 j Vol. 8 j No. 1 j Article 1

Lan et al.



speculation that the limbic lobe is associated with
negative emotions.

The human insula is hidden in the depth of the
cerebral hemisphere by the overlying frontal, parietal,
and temporal lobes. However, the function of insula
still remains uncertain. Except for memory and
visceral sensation, several update reviews have indi-
cated that the insula is also associated with mood,
addiction, cognition, and pain regulation.45–47 There
are nerve fibers in connection between the insula and
prefrontal lobe, anterior cingulate, and amygdala.
The prefrontal lobe is involved in pain regulation, and
atrophy of its gray matter may lead to somatic pain.48

Besides, the ‘‘u’’ type fiber between anterior cingulate
and anterior insula is associated with algogenesis.49

Hatton et al.50 investigated the entire brain structural
phase magnetic resonance in patients with generalized
anxiety disorder (GAD) and found that the GMV of
insula was significantly lower than the HC group.
Some fMRI studies indicated that primary insomnia
(PI) patients have abnormal neurons intrinsic brain
activity in various brain regions, including insula.51,52

As we mentioned above, DE patients with EP suffer
from insomnia and depression8–10; thus, we can
consider mental disorders in EP patients together
with the insula changes. In this experiment, GMV
values of the left insula and the right insula in EP
patients both decreased.

Accordingly, we suspect the decrease of GMV in
the two parts of insula may be the pathological
mechanism of pain and mental disorders. We found
that the VAS in patients with acute EP correlated
negatively with the GMV value of the left insula (r¼
�0.7864, P¼ 0.0024) and right insula (r¼�0.9723, P
, 0.0001). It has been mentioned that the insula is
associated with pain regulation, the decreased GMV
value of the insula may reflect the severity of acute
EP. Furthermore, the duration of acute EP correlated
negatively with the GMV value of the right insula (r¼
�0.9099, P , 0.0001), and we assume that the longer
the duration of EP, the more serious of the EP. The
decreased GMV value of the insula may reflect the
existence of some mental disorders, such as anxiety,
insomnia, and depression,50–52 which can explain the
possibility of mental disorders in patients with acute
eye pain. In addition, we found that some brain
regions have no correlation with VAS or the duration;
thus, we speculate that the values are also affected by
vision.

The thalamus is the largest part of the dienceph-
alon and is composed of many functional nuclei.53

The function of the thalamus includes coordinating

the development and expression of movement,
emotional drive, planning, and cognition in targeted
behaviors. Based on the date from several studies, it is
possible that some neuropsychiatric disorders, such as
insomnia and chronic fatigue syndrome, are related to
abnormalities of the thalamus.54,55 The GMV of the
thalamus in EP patients in our study reduced and we
speculated that mental disorders in EP patients might
be relative to the reduction of the left thalamus.

The caudate nucleus is a part of basal ganglia and
is related to motor tasks and may contribute to pain
as well as changes in cognition and behavior in
patients with migraine.56 The acute EP patients in our
study showed lower GMV values in the left caudate,
which indicates caudate dysfunction.

As a part of visual path, the cuneus is associated
with spatial location and it is an essential role in visual
processing, and it interacts with the primary visual
cortex V1 to encode visual information to the
extrastriate cortices.57,58 In our study, EP patients
decreased the GMV values in the brain regions of the
right cuneus, we speculated that EP may lead to
dysfunction of the right cuneus.

There are still several shortcomings in our exper-
iments. First, the reliability of the results may be
affected by the limited number of subjects. Second,
the causes of EP are multifaceted, and making an
accurate assessment of various types of EP is
impossible. Last, the natural difference of the selected
subjects’ brain structure may also influence the
experiment.

Conclusion

As discussed above, we have elucidated that the
acute EP patients showed decreased GMV values in
some brain regions, including some somatosensory
regions, and an overall reduced WMV value. In
addition to atypical pain, the acute EP patients might
suffer from mental disorders. These findings provide
valuable information for exploring the neural mech-
anisms of acute EP.
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Troncoso XG, Frégnac Y. Synaptic correlates
of low-level perception in V1. J Neurosci. 2016;
36(14):3925–3942.

11 TVST j 2019 j Vol. 8 j No. 1 j Article 1

Lan et al.


	Introduction
	Materials and Methods
	Results
	t01
	Discussion
	t02
	f01
	t03
	t04
	f02
	f03
	f04
	n102
	b01
	b02
	b03
	b04
	b05
	b06
	b07
	b08
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24
	b25
	b26
	b27
	b28
	b29
	b30
	b31
	b32
	b33
	b34
	b35
	b36
	b37
	b38
	b39
	b40
	b41
	b42
	b43
	b44
	b45
	b46
	b47
	b48
	b49
	b50
	b51
	b52
	b53
	b54
	b55
	b56
	b57
	b58

