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Objective: Previous reports have demonstrated significant brain activity changes in bilateral 

blindness, whereas brain activity changes in late monocular blindness (MB) at rest are not 

well studied. Our study aimed to investigate spontaneous brain activity in patients with late 

middle-aged MB using the amplitude of low-frequency fluctuation (ALFF) method and their 

relationship with clinical features.

Methods: A total of 32 patients with MB (25 males and 7 females) and 32 healthy control 

(HC) subjects (25 males and 7 females), similar in age, sex, and education, were recruited 

for the study. All subjects were performed with resting-state functional magnetic resonance 

imaging scanning. The ALFF method was applied to evaluate spontaneous brain activity. The 

relationships between the ALFF signal values in different brain regions and clinical features in 

MB patients were investigated using correlation analysis.

Results: Compared with HCs, the MB patients had marked lower ALFF values in the left 

cerebellum anterior lobe, right parahippocampal gyrus, right cuneus, left precentral gyrus, and 

left paracentral lobule, but higher ALFF values in the right middle frontal gyrus, left middle 

frontal gyrus, and left supramarginal gyrus. However, there was no linear correlation between 

the mean ALFF signal values in brain regions and clinical manifestations in MB patients.

Conclusion: There were abnormal spontaneous activities in many brain regions including 

vision and vision-related regions, which might indicate the neuropathologic mechanisms of 

vision loss in the MB patients. Meanwhile, these brain activity changes might be used as a 

useful clinical indicator for MB.
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Introduction
Blindness has become a global health problem. There were 32.4 million people 

suffering from blindness in 2010 globally.1 Blindness can be caused by several ocular 

diseases, such as glaucoma,2 cataract,3 and globe injury.4 Blindness not only causes 

difficulties in daily life5 but also results in serious psychological problems (such as 

anxiety, sadness, and depression) for blind patients.6 Meanwhile, blindness also imposes 

a heavy economic burden on society. Around $5.5 billion per year is spent on medical 

care and nursing of blind patients in the USA.7

The visual system consists of the eye, optic nerve, lateral geniculate body, and 

visual cortex, which are involved in processing visual information. Functional magnetic 

resonance imaging (fMRI) has been used to evaluate the brain activities in blindness. 
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Blindness leads to abnormality of the visual pathway and 

visual cortex. Early blindness subjects showed thicker 

occipital cortex.8 Other studies reported that early blindness 

patients had stronger auditory and parietal networks and 

weaker vision-related occipital networks compared with 

sighted subjects.9 Moreover, the blindness subjects showed 

decreased voxel-based functional connectivity density in the 

primary visual cortex (V1) and the primary somatosensory.10 

However, changes in spontaneous brain activity were less 

understood in late monocular blindness (MB).

Amplitude of low-frequency fluctuation (ALFF) is 

a useful resting-state fMRI analysis method to evaluate 

regional brain activity at rest. In our previous studies, the 

ALFF method was successfully used to assess neurological 

conditions in some eye diseases, such as optic neuritis,11 

glaucoma,12 and comitant strabismus.13 ALFF is considered 

to be a reliable and sensitive measurement, which can be used 

to evaluate spontaneous neural activity accurately. There 

were no obvious differences in weight (P=0.704) and age 

(P=0.973) between the two groups. There were significant 

marked differences in best-corrected visual acuity (VA)-right 

(P,0.001), or best-corrected VA-left (P,0.001) between 

the MB patients and healthy controls (HCs) (Table 1). This 

study explores changes in brain activity in patients with late 

MB compared with sighted subjects and investigates its 

relationship with the clinical manifestations.

Materials and methods
Subjects
A total of 32 patients with MB (25 males and 7 females) 

were recruited from the Ophthalmology Department of the 

First Affiliated Hospital of Nanchang University Hospital. 

The diagnostic criteria for MB were as follows: 1) late stage 

of MB (18 patients with ocular trauma and 14 patients with 

keratitis) and 2) normal contralateral eye without any ocular 

diseases (such as cataracts, glaucoma, optic neuritis, and 

retinal degeneration). The exclusion criteria were as follows: 

1) bilateral congenital blindness, 2) bilateral late blindness, 

3) a history of surgery in both eyes, 4) long-term medical 

treatment of blindness, and 5) psychiatric disorders (such as 

depression, bipolar disorder, and sleep disorder) and cerebral 

infarction diseases (such as cerebral hemorrhage, cerebral 

infarction, and cerebral vascular malformations).

Thirty-two HCs (25 males and 7 females) with similar 

age, sex, and education to subjects in the MB group were also 

recruited in this study. All HCs met the following criteria: 

1) no ocular disease with uncorrected or corrected VA .1.0, 

2) no psychiatric disorders (such as depression, bipolar dis-

order, and sleep disorder), and 3) able to be scanned with 

MRI (eg, no cardiac pacemaker or implanted metal devices). 

All research methods followed the Declaration of Helsinki 

and were approved by the Medical Ethics Committee of 

the First Affiliated Hospital of Nanchang University. Our 

study was approved by the Institutional Review Board of 

the First Affiliated Hospital of Nanchang University. All 

subjects participated voluntarily and were informed of the 

purposes, contents, and risks before signing an informed 

consent form.

Methods
MRI parameters
MRI scanning was performed on a 3-Tesla MR scanner 

(Trio; Siemens, Munich, Germany). The functional data 

were obtained with a spoiled gradient-recalled echo 

sequence with the following parameters: 176 images 

(repetition time =1,900 ms, echo time =2.26 ms, thick-

ness =1.0 mm, gap =0.5 mm, acquisition matrix =256×256, 

field of view =250×250 mm, flip angle =9°). We also obtained 

240 functional images (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, 

29 axial slices with gradient-recalled echo-planar imaging 

pulse sequence).

fMRI data analysis
Functional data were classified using MRIcro software (Not-

tingham University, Nottingham, UK), and incomplete data 

were removed. The rest of the data was preprocessed by 

DPARSFA (Institute of Psychology, CAS., Beijing, People’s 

Republic of China) software, including digital imaging and 

communications in medicine form transformation, slice 

timing, head-motion correction, spatial normalization, and 

smoothening with a Gaussian kernel of 6×6×6 mm3 full width 

Table 1 Demographics and clinical measurements of MB and 
HC groups

Conditions MB HC z P-valuea

Male/female 25/7 25/7 N/A .0.99
Age (years) 42.47±12.10 47.28±12.68 0.034 0.973
Weight (kg) 59.72±7.87 58.72±6.45 0.379 0.704
Handedness 32 R 32 R N/A .0.99
Duration of MB (years) 22.78±7.81 N/A N/A N/A
Best-corrected VA-right 0.43±0.50 1.18±0.29 4.742 0.000
Best-corrected VA-left 0.49±0.50 1.15±0.28 4.857 0.000

Note: aMann–Whitney U-test comparing two groups (P,0.05 on behalf of significant 
differences). Data presented as mean ± standard deviation or n.
Abbreviations: MB, monocular blindness; HC, healthy control; N/A, not applicable; 
VA, visual acuity; R, right.
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at half maximum. The subjects who had more than 1.5 mm 

maximum shift in x, y, or z and 1.5° of angular motion were 

rejected. Friston six head-motion parameters were used to 

regress out head-motion effects based on recent work show-

ing that higher-order models were more effective in removing 

head-motion effects.14 Linear regression was also applied to 

remove other sources of false variables, which contained the 

signal from ventricular regions of interest and from a region 

centered in the brain’s white matter.15 After head-motion 

correction, the functional images were spatially normal-

ized to the Montreal Neurological Institute space using the 

standard echo-planar imaging template. The time series of 

the blood-oxygen level dependent signal was converted to 

the frequency domain using the fast Fourier transform. The 

square root of the power spectrum was then calculated and 

averaged across 0.01–0.08 Hz for each voxel. The averaged 

square root was defined as the ALFF at the given voxel.16 To 

reduce the global effects of variability across the participants, 

the ALFF of each voxel was divided by the global mean 

ALFF value for each participant.

Statistical analysis
Statistical analysis was performed with a general linear 

model analysis using the SPM8 toolkit (The MathWorks, 

Inc., Natick, MA, USA) to calculate the ALFF signal group 

differences in resting state between MB patients and HCs, 

after controlling for the effects of age. The significance level 

was set at P,0.05, Gaussian random field theory corrected, 

minimum z.2.3.

Brain-behavior correlation analysis
Brain areas with different ALFF findings between groups 

were classified as regions of interest with the resting-state 

fMRI data analysis toolkit software. Finally, the relationship 

between the mean ALFF value in each area in the MB group 

and behavioral performances was calculated using correlation 

analysis (P,0.05 significant differences).

Clinical data analysis
The cumulative clinical measurements, including the duration 

of the onset of MB and best-corrected VA, were recorded 

and analyzed in the study with independent sample t-test 

(P,0.05 significant differences).

Results
ALFF differences
Compared with HCs, MB patients showed lower ALFF values 

in the left cerebellum anterior lobe, right parahippocampal 

gyrus, right cuneus (most significant difference), and left  

precentral gyrus/paracentral lobule (Figure 1 [blue] and Table 2). 

In contrast, higher ALFF values in the MB group were observed 

in the right middle frontal gyrus (MFG), left MFG (most 

significant difference), and left supramarginal gyrus (SMG) 

(Figure 1 [red] and Table 2). The mean ALFF values between 

the two groups were shown in Figure 2. In the MB group, there 

was no significant correlation between the mean ALFF values 

in these regions and the clinical manifestations (P.0.05).

Receiver operating characteristic curve
We hypothesized that the ALFF differences between the 

two groups might be useful diagnostic markers. The mean 

ALFF values in different brain regions were analyzed using 

the receiver operating characteristic (ROC) curves. When the 

area under the curve (AUC) is 0.5–0.7 it indicates accuracy is 

low, if it is 0.7–0.9 accuracy is certain. The AUCs for ALFF 

values were as follows: left cerebellum anterior lobe (0.824), 

right parahippocampal gyrus (0.796), right cuneus (0.731), 

and left precentral gyrus/left paracentral lobule (0.784) 

(MBs . HCs) (Figure 3A); right MFG (0.791), left MFG 

(0.868), and left SMG (0.819) (MBs , HCs) (Figure 3B).

Discussion
Our study evaluates the effect of middle-aged late MB 

on resting-state brain activity using the ALFF technique. 

Compared with HCs, patients with MB had significantly 

lower ALFF values in the left cerebellum anterior lobe, right 

parahippocampal gyrus, right cuneus, left precentral gyrus, 

and left paracentral lobule, but higher ALFF values in the 

right MFG, left MFG, and left SMG.

Analysis of the decreased ALFF values 
in the MB
The cuneus is involved in receiving visual information 

from the retina and is located in the occipital lobe. In addition, 

the dysfunction of cuneus has been related to many diseases 

including trigeminal neuralgia17 and schizophrenia.18 A pre-

vious study reported significantly decreased functional con-

nectivities in the occipital visual cortex in the early blind 

patients.19 However, in our study, we observed that late 

MB patients showed significantly decreased ALFF values 

in the right cuneus, indicating cuneus dysfunction. We 

speculated that the late MB might lead to the abnormalities 

of the cuneus.

The parahippocampal gyrus is located in the inferior 

temporo-occipital cortex, surrounding the hippocampus. 

The parahippocampal gyrus is involved in visual scenes,20 
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cognition,21 and spatial control.22 The parahippocampal gyrus 

has been suggested to control the processing of object and 

scene information.23 A previous study showed the activation 

of the parahippocampal gyrus when a three-dimensional spa-

tial structure was presented.24 In addition, the dysfunction of 

the parahippocampal gyrus occurs in many diseases such as 

Alzheimer’s disease25 and schizophrenia.26 A previous report 

had demonstrated that MB patients showed less activity in 

the right dorsal parahippocampal gyrus compared with HCs.27 

Consistent with these findings, we also found that there were 

Figure 1 Spontaneous brain activity in the monocular blindness and healthy control groups.
Notes: Significant brain activity differences were observed in the left cerebellum anterior lobe, right parahippocampal gyrus, right cuneus, left precentral gyrus, left 
paracentral lobule, right middle frontal gyrus, left middle frontal gyrus and left supramarginal gyrus. The red or yellow denotes higher ALFF values, and the blue areas indicate 
lower ALFF values, respectively (P,0.01 for multiple comparisons using Gaussian random field theory [z.2.3, P,0.01, cluster .40 voxels, AlphaSim corrected]).
Abbreviations: ALFF, amplitude of low-frequency fluctuation; L, left; R, right.
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Table 2 Brain areas with significantly different ALFF values between groups

Conditions L/R Brain regions BA MNI coordinates Cluster size t-Value P-value

X Y Z

MBs , HCs
1 L Cerebellum anterior lobe – -21 -39 33 57 -3.826 ,0.001

2 R Parahippocampal gyrus 36 18 -54 -21 45 -3.829 ,0.001

3 R Cuneus 18 18 -72 6 80 -4.023 ,0.001

4 L Precentral gyrus, paracentral lobule 4/6 -6 -24 75 56 -3.508 ,0.001

MBs . HCs
1 R Middle frontal gyrus 10 24 54 12 57 4.278 ,0.001

2 L Middle frontal gyrus 10 -39 33 45 112 3.817 ,0.001
3 L Supramarginal gyrus 40 -57 -42 33 50 3.923 ,0.001

Notes: A P-value ,0.05 was significantly different for multiple comparisons using Gaussian random field theory (z.2.3, P,0.01, cluster .40 voxels, AlphaSim corrected). 
“–” indicates the cerebellum anterior lobe did not belong to any Brodmann areas.
Abbreviations: ALFF, amplitude of low-frequency fluctuation; BA, Brodmann area; MB, monocular blindness; HCs, healthy controls; MNI, Montreal Neurological Institute; 
L, left; R, right.

Figure 2 The mean values of altered ALFF values between the MB and HC groups.
Abbreviations: ALFF, amplitude of low-frequency fluctuation; HCs, healthy controls; MB, monocular blindness.

significantly lower ALFF values in the right parahippocampal 

gyrus in the MB patients. These results suggested that the 

late stage MB might lead to the dysfunction of the parahip-

pocampal gyrus.

The cerebellum is involved in the execution of motor 

control. In addition, the cerebellum also regulates cognition.28,29 

The cerebellum has been shown to be involved in the 

execution of accurate eye movement.30 Moreover, dysfunc-

tion of the cerebellum has been shown in many diseases such 

as autism,31 schizophrenia,32 and ataxia.33 A pervious study 

showed that there is increased blood flow in early blindness.34 

Another study reported that MB patients showed lower 

benzodiazepine receptor density in the cerebellum compared 

with HCs.35 In our study, we also found that MB patients 

had significantly lower ALFF values in the left cerebellum 

anterior lobe. Both MB and binocular blindness can lead to 

the dysfunction of the cerebellum. Thus, we speculated that 

MB might cause dysfunction of the cerebellum.

Analysis of the increased ALFF values 
in the MB
The MFG is one-third of the frontal lobe and is involved in the 

working memory36 and attention control.37 A previous study 

demonstrated that early blindness showed decreased functional 
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connectivity between the right planum temporale and parietal 

and frontal areas.38 That is to say, bilateral blindness may lead 

to lower activation in frontal regions. In contrast, we found 

that MB patients showed significantly increased ALFF values 

in the MFG. Enhanced activity in MFG may result from the 

compensation of the contralateral vision eye. The results might 

indicate that MB patients have enhanced function of MFG to 

compensate for the monocular vision.

The SMG in the inferior lateral part of the parietal lobe 

is involved in phonological encoding.39 A previous study 

demonstrated that the SMG was activated when the healthy 

participants made phonological word decisions.40 In the 

meanwhile, the SMG is responsible for the visual word 

recognition41 and verbal working memory.42 A previous 

study demonstrated that congenital blindness patients showed 

increased functional connectivity in the SMG.43 In our study, 

we observed significantly higher ALFF values in the left 

SMG. MB can lead to the dysfunction of SMG overactive. 

We speculated that the function of phonological encoding 

and processing might be enhanced to compensate for the loss 

of vision in the MB patients.

Conclusion
In summary, our results showed that there were abnormal 

spontaneous activities in many brain regions including vision 

and vision-related regions, which might indicate the neuro-

pathologic mechanisms of vision loss in the MB patients. 

In addition, these brain activity changes might be used as a 

useful clinical indicator for MB.

Prospects and limitations
The ALFF is a useful method that can be used to evaluate 

the whole-brain activity in patients. In addition, as a method 

of resting-state fMRI, the ALFF can be performed to scan 

the subject in the resting state. However, there are several 

limitations in our study. First, the inclusion criteria for MB 

are not strict. We included left eye or right eye blindness, 

which might affect the accuracy of the results. Second, MB 

patients recruited had different time course of the disease, 

which might also affect the accuracy of the results. Third, 

during the scanning process, some subjects had some physical 

movement, which might influence the scanning results. In 

future studies, we will comprehensively use various tech-

niques for investigating the neuropathologic changes in 

MB patients.
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