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Objective: To investigate the underlying regional homogeneity (ReHo) of brain-activity
abnormalities in patients with comitant strabismus (CS) and their relationship with behavioral
performance.
Methods: Twenty patients with CS (ten men and ten women) and 20 (ten men and ten women)
age-, sex-, and education-matched healthy controls (HCs) underwent resting-state functional
magnetic resonance imaging scans. The ReHo method was used to assess local features of spontaneous brain activities. Patients with CS were distinguished from HCs by receiver operating
characteristic curve. Correlation analysis was performed to explore the relationship between the
observed mean ReHo values of the different brain areas and behavioral performance.
Results: Compared to HCs, the patients with CS showed significantly increased ReHo values
in the right inferior temporal cortex/fusiform gyrus/cerebellum anterior lobe, right lingual gyrus,
and bilateral cingulate gyrus. We did not find any relationship between the observed mean ReHo
values of the different brain areas and behavioral performance.
Conclusion: CS causes dysfunction in many brain regions, which may explain the fusion
compensation in CS.
Keywords: comitant strabismus, regional homogeneity, functional magnetic resonance imaging,
resting state

Introduction
Strabismus is an ocular alignment disorder characterized by a horizontal, vertical,
and/or torsional deviation of one eye relative to the other, which may result in compromised binocular vision and amblyopia.1,2 Strabismus is classified roughly into
comitant and incomitant types. According to a study conducted in Central China,
strabismus was prevalent in 108 (5.0%) out of the 2,363 eligible students.3 Clinically,
strabismus also exhibits stereopsis impairment. At present, surgery is the major method
of strabismus correction.4
Optimal eye movements and alignment require a functional oculomotor system.
Extraocular muscle (EOM) dysfunction is an important factor in strabismus. Initially,
it was reported that EOM dystrophy can lead to squint,5 and subsequently, Duane’s
retraction syndrome was found to be closely related to muscular malnutrition.6
Moreover, abnormal positions of the EOMs can also lead to strabismus.7 Additionally, dysfunction of the EOM pulleys had been shown to be involved in incomitant
strabismus.8,9 Strabismus can affect the binocular visual function, resulting in impaired
visual fusion in strabismus patients.10
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Functional magnetic resonance imaging (fMRI) has been
widely used to study strabismus. A previous report described
reduced gray matter volume in the occipital eye field (OEF)
and parietal eye field (PEF) and an increase in the gray
matter volume in the frontal eye field (FEF) of adults with
strabismus.11 The FEF is an area of the frontal cortex that
can trigger eye movements.12 Another group demonstrated
reduced functional connections between the V1 and V2 areas
in macaque monkeys with strabismic amblyopia.13 It has been
shown that the mean diffusivity of the occipital tracts was
increased in patients with strabismic amblyopia.14
The regional homogeneity (ReHo) method, a resting-state
fMRI (rs-fMRI) measurement method, is widely used to determine the local synchronization of spontaneous fMRI signals,
and it provides important information on the activities of the
brain.15,16 The ReHo method has been successfully deployed
to investigate pathological mechanisms of neural diseases
such as optic neuritis,17 sleep disorders,18 and Parkinson’s
disease.19 However, it has not yet been used to explore the
pathophysiological changes in comitant strabismus (CS).
To our knowledge, our study is the first to evaluate
regional spontaneous brain activity in subjects with CS and
demonstrate its relationship with behavioral performances.

Subjects and methods
Subjects
Ten men and ten women with CS were recruited from the
Ophthalmology Department of the First Affiliated Hospital
of Nanchang University Hospital. The diagnostic criteria
for congenital strabismus included the following: 1) strabismus from birth; 2) stereopsis defects (no visual fusion);
3) binocular uncorrected or corrected visual acuity (VA)
being equal; and 4) with alternated cover. The angles of
the strabismus group were equal, and the large squint angle
range was 50–60 delta. Subjects were excluded if they had
any one of the following conditions: 1) acquired strabismus,
incomitant strabismus, concealed oblique; 2) conditions of
eye diseases, trauma, or optic neuropathy (eg, infection,
inflammation, ischemic disease, compression damage, eye
surgery, intraocular placeholder lesions); 3) psychiatric disorders, diabetes, cardiovascular disease, cerebral infarction
disease; and 4) drug or alcohol addiction.
Twenty healthy controls (HCs; ten men, ten women)
with similar age range, sex ratio, and education status were
also recruited for this study. All HCs met the following
requirements: 1) normal brain parenchyma on cranial MRI;
2) no ocular disease with uncorrected or corrected VA .1.0; 3)
no psychiatric disease; and 4) accessible to the MRI scanning
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(eg, no cardiac pacemaker or implanted metal devices). This
study was authorized and approved by the First Affiliated
Hospital of Nanchang ethics committee. All research methods followed the Declaration of Helsinki and conformed to
the principles of medical ethics. All subjects participated
voluntarily and were informed of the purposes, methods, and
potential risks before signing an informed consent form.

MRI parameters
MRI scanning was performed with a 3-T MR scanner (Trio,
Siemens, Germany). T1-weighted images were acquired
with a three-dimensional spoiled gradient-recalled sequence
in an axial orientation. We obtained 176 high-resolution
images taking 5 minutes (repetition time =1,900 ms, echo
time =2.26 ms, thickness =1.0 mm, gap =0.5 mm, acquisition
matrix =256×256, field of view =250×250 mm, flip angle =9°)
and 240 functional images covering the whole brain taking
10 minutes (repetition time =2,000 ms, echo time =30 ms,
thickness =4.0 mm, gap =1.2 mm, acquisition matrix =64×64,
flip angle =90°, field of view =220×220 mm, 30 axial slices
with gradient-recalled echo-planar imaging pulse sequence).

fMRI data analysis
The 240 functional images were analyzed as described previously.17 Briefly, the data were filtered by MRIcro (Nottingham
University, Nottingham, UK) and preprocessed using SPM8
(The MathWorks, Inc., Natick, MA, US) and DPARSFA
(Institute of Psychology, CAS., Beijing, People’s Republic
of China) software. Then, the data were processed with slice
timing, head motion correction, spatial normalization, and
smoothening with a Gaussian kernel of 6×6×6 mm3 fullwidth at half-maximum (FWHM). After spatially normalized
to the Montreal Neurological Institute (MNI) space using
the standard echoplanar image template and resampled at a
resolution of 3×3×3 mm3, the fMRI images were detrended
and bandpass-filtered (0.01–0.08 Hz) to reduce the effects
of low-frequency drift and physiological high-frequency
respiratory and cardiac noise.
Based on Kendall’s coefficient of concordance (KCC),
ReHo computation was performed with the REST software
(Center for Cognition and Brain Disorders, HZNU., Hangzhou, Zhejiang, People’s Republic of China), as previously
described.17

Statistical analysis
To investigate the group differences in the ReHo values
between patients with CS and HCs, fMRI data were fitted
with a general linear model (GLM) with the SPM8 toolkit.
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We used the subject’s group membership as regressors.
P,0.05 was considered statistically significant and corrected
with random field (Gaussian random field) theory with
minimum z .2.3. Two-sample Student’s t-test was used for
continuous data for behavioral performances. All statistical analyses were done with the IBM SPSS Statistics 20.0
software (IBM Corporation, Armonk, NY, USA).

Brain–behavior correlation analysis
Brain regions with different between-group ReHo values
were classified as regions of interest (ROIs) with the REST
software. For each ROI, the mean ReHo value was calculated
by averaging over all voxels. Finally, correlation analysis
was performed to investigate the relationship between the
mean ReHo value in each of those different areas and the
related behavioral performances. P,0.05 was considered
statistically significant.

Clinical data analysis
All the clinical data of the patients with CS were
collected, including the course of the disease and the
best-corrected VA.

Results
Demographics and visual measurements
As shown in Table 1, there were no obvious differences in
weight (P=0.453), age (P=0.705), best-corrected VA–right
(P=0.316), and best-corrected VA–left (P=0.705) between
the patients with CS and the HCs.

ReHo differences
Compared to HCs, patients with CS had significantly increased
ReHo values in the right inferior temporal cortex (RITC)/right
fusiform gyrus (RFG)/right cerebellum anterior lobe (RCAL),
right lingual gyrus (RLG), and bilateral cingulate gyrus (BCG)
Table 1 Demographic information and clinical measures for Stra
and HCs
Condition

Stra

Male/female
Age (years)
Weight (kg)
Handedness
Duration of strabismus
(years)
Best-corrected VA–right
Best-corrected VA–left

10/10
29.50±9.21
59.00±6.37
20R

HCs

t

10/10
28.45±8.15
58.60±5.26
20R
29.50±9.21 N/A

N/A
0.382
0.758
N/A
N/A

1.08±0.19
1.10±0.17

1.121

1.03±0.12
1.08±0.16

-0.381

P-valuesa
0.705
0.453
.0.99
N/A
0.316
0.705

Note: aIndependent Student’s t-test.
Abbreviations: HCs, healthy controls; N/A, not applicable; Stra, strabismus;
VA, visual acuity.
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(Figure 1 [red areas] and Table 1). Specifically, the mean
ReHo values of altered ReHo regions between the CS group
and HCs are shown in Figure 2 and Table 2.

Receiver operating characteristic curve
The differences of ReHo values in altered ReHo regions
between the CS and HC groups may serve as diagnostic
markers for strabismus. To test this possibility, we extracted
the mean ReHo values of different brain regions and performed the receiver operating characteristic (ROC) curve
analysis. In our study, the values of the area under the curve
(AUC) for the RITC/RFG/RCAL (Figure 3A) and the cluster
of BCG (Figure 3B) were 0.938 and 0.940, respectively.

Discussion
To our knowledge, this is the first study to evaluate the
effect of CS on resting-state brain activity using the ReHo
technique. Compared to HCs, patients with CS showed significantly increased ReHo values in the RITC/RFG/RCAL,
RLG, and BCG.
The human inferior temporal cortex consists of the
inferior temporal gyrus, the middle temporal gyrus, and
the fusiform gyrus. The inferior temporal cortex is not only
responsible for visual shape selectivity but also involved
in the classification of visual information.20,21 Previous
studies have demonstrated that the inferior temporal gyrus
responds selectively to 3D structures defined by binocular
disparity.22,23 Yan et al observed that patients with comitant extropia showed decreased white matter volumes in
the right inferior temporal gyrus.24 In agreement with this
finding, we found significantly increased ReHo values in
the RITC in patients with CS. Another complication often
occurring in CS patients is the stereovision impairment.25
The ReHo values in the RITC were higher in CS patients,
which may explain the compensation of stereovision in
these patients.
The cerebellum is involved in balance and motor control, as well as the execution of accurate eye movements.26
Consistently, one group reported that the cerebellum is
involved in the execution of eye and hand movements.27
A previous study has shown that cerebellar vermis activation is related to visually guided saccades.28 Joshi and
Das29 found that the posterior interposed nucleus (PIN) in
the cerebellum plays an important role in conjugate eye
movements in strabismic monkeys. In support of these
findings, we also observed higher ReHo values in the
cerebellum anterior lobe of patients with CS, indicating
a stronger cerebellar activity than HCs. This suggests
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Figure 1 Significant differences in ReHo values between the Stra group and HCs.
Notes: The brain regions with different ReHo values are the RITC/RFG/RCAL (A), RLG (B), and BCG (C). The red areas denote higher ReHo brain regions. Multiple
comparisons were performed using Gaussian random field theory (z .2.3, clusterwise P,0.05 corrected). T-values indicates the results of independent t-tests comparing
the two groups in ReHo values in different brain regions.
Abbreviations: BCG, bilateral cingulate gyrus; HCs, healthy controls; RCAL, right cerebellum anterior lobe; ReHo, regional homogeneity; RFG, right fusiform gyrus;
RITC, right inferior temporal cortex; RLG, right lingual gyrus; Stra, strabismus.

0HDQ5H+RVLJQDOYDOXHV

that functional reorganization may be occurring in the
cerebellum anterior lobe to compensate for the conjugate
eye movement abnormalities.
The lingual gyrus and fusiform gyrus are related to vision
processing.30 A previous study reported that the lingual gyrus
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Figure 2 Mean of altered ReHo values between the Stra group and HCs.
Abbreviations: BCG, bilateral cingulate gyrus; HCs, healthy controls; RCAL, right
cerebellum anterior lobe; ReHo, regional homogeneity; RFG, right fusiform gyrus;
RITC, right inferior temporal cortex; RLG, right lingual gyrus; Stra, strabismus.
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was a stable brain region in the visual system network and
that the area involved in color and visual motion (area V4)
is located in the lingual and fusiform gyri of the prestriate
cortex.31,32 “Visual snow” is also related to the dysfunction
of lingual gyrus.33 The fusiform gyrus, a fusiform face area
(FFA), is a hub for face processing.34 Yang et al35 reported
that the lingual visual cortex was highly activated in patients
with infantile esotropia, suggesting a potential role in optical
fusion. In our study, we also found that the ReHo values in
the RLG and fusiform gyrus were significantly higher, which
may be related to the compensation of stereovision in CS.
The cingulate gyrus is an integral part of the limbic
system, which is involved with emotion formation, depression, and pain.36–38 The limbic system is closely related to
memory and emotion.39 In the present study, we also found
that patients with CS had higher ReHo values in areas in the
BCG, which may suggest that strabismus has a significant
changes in the limbic system. Besides, the higher ReHo
values in these areas may be related to compensation by the
limbic system.
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Table 2 Brain regions with significantly different ReHo values between the Stra and HCs
ReHo, Stra . HC

Stra group and HCs

MNI coordinates

Brain areas

BA

Peak T-values

Voxels

x

y

z

a
b
c

RITC/RFG/RCAL
RLG
BCG

37
18
19.39

5.555
3.344
4.247

246
37
215

48
0
3

-54
-69
-42

-21
-30
48

Note: The statistical threshold was set at the voxel with P,0.05 for multiple comparisons using Gaussian random field theory (z .2.3, clusterwise P,0.05 corrected).
Abbreviations: BA, Brodmann area; HCs, healthy controls; MNI, Montreal Neurological Institute; Stra, strabismus; ReHo, regional homogeneity; RITC, right inferior
temporal cortex; RFG, right fusiform gyrus; RCAL, right cerebellum anterior lobe; RLG, right lingual gyrus; BCG, bilateral cingulate gyrus.

Conclusion
We found that patients with CS had abnormal spontaneous
activity in specific regions of the brain, which may be related
to the compensation of stereovision in CS. These findings
provide important information for the understanding of neural
changes in CS. However, there are some limitations to our
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Figure 3 ROC curve analysis of the mean ReHo signal values for altered brain
regions.
Notes: The area under the ROC curve was 0.938 (P,0.001; 95% CI: 0.864–1) for
the RITC/RFG/RCAL (A), and 0.940 (P,0.001; 95% CI 0.870–1) for the BCG (B).
Abbreviations: BCG, bilateral cingulate gyrus; CI, confidence interval; RCAL, right
cerebellum anterior lobe; ReHo, regional homogeneity; RFG, right fusiform gyrus;
RITC, right inferior temporal cortex; ROC, receiver operating characteristic.
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