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Background: Aphasia is one of the most disabling cognitive deficits affecting .2 million 

people in the USA. The neuroimaging characteristics of chronic aphasic patients (.6 months 

post onset) remain largely unknown.

Objective: The objective of this study was to investigate the regional signal changes of spon-

taneous neuronal activity of brain and the inter-regional connectivity in chronic aphasia. 

Materials and methods: Resting-state blood oxygenation level-dependent functional mag-

netic resonance imaging (fMRI) was used to obtain fMRI data from 17 chronic aphasic patients 

and 20 healthy control subjects in a Siemens Verio 3.0T MR Scanner. The amplitude of low-

frequency fluctuation (ALFF) was determined, which directly reflects the regional neuronal 

activity. The functional connectivity (FC) of fMRI was assessed using a seed voxel linear 

correlation approach. The severity of aphasia was evaluated by aphasia quotient (AQ) scores 

obtained from Western Aphasia Battery test.

Results: Compared with normal subjects, aphasic patients showed decreased ALFF values in 

the regions of left posterior middle temporal gyrus (PMTG), left medial prefrontal gyrus, and 

right cerebellum. The ALFF values in left PMTG showed strong positive correlation with the 

AQ score (coefficient r=0.79, P,0.05). There was a positive FC in chronic aphasia between 

left PMTG and left inferior temporal gyrus (BA20), fusiform gyrus (BA37), and inferior frontal 

gyrus (BA47\45\44). 

Conclusion: Left PMTG might play an important role in language dysfunction of chronic 

aphasia, and ALFF value might be a promising indicator to evaluate the severity of aphasia.

Keywords: aphasia, severity, ALFF, correlation, functional connectivity, aphasia quotient

Introduction
Aphasia is a common neurological language-based disorder that affects .2 million 

people in the USA. Aphasia frequently occurs after a stroke, head injury, or brain 

tumor, and almost one third of stroke patients have aphasia.1 The symptoms of aphasia 

vary across individuals such as slowed or halting speech, word-finding hesitations, 

and difficulty in understanding or following conversation. Although the damage of 

brain domains controlling language and speech in aphasia has been well accepted, 

the neurobiological mechanisms underlying the progression and severity of aphasia 

are poorly understood. 

The severity of aphasia can be assessed by the Western Aphasia Battery (WAB), 

which was shortened by Andrew Kertesz in reference to the Boston Diagnostic Aphasia 

Examination in 1982 and has been widely used in the West.2 The WAB mainly evaluates 
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the capabilities of spontaneous speech (SS), auditory com-

prehension (AC), repetition, and naming. After an aphasia 

examination, the aphasia quotient (AQ) is used to indicate 

the degree of language dysfunction, reflect the severity of 

aphasia, and predict aphasia outcome and deterioration.3

Functional magnetic resonance imaging (fMRI) is an 

imaging technique that is used to evaluate the regional 

neuronal activity by measuring hemodynamic changes. The 

blood oxygenation level-dependent (BOLD)-fMRI is the 

widely used imaging technique for measuring the relative 

content of regional oxyhemoglobin and deoxyhemoglobin on 

a T2-weighted signal influence, thereby indirectly reflecting 

the regional neuronal activity. Resting-state fMRI requires 

subjects to keep quiet, lie still, and avoid any thinking, or 

sleep during the scan. Biswal et al found that the synchronous 

low-frequency fluctuation (LFF) was highly coherent among 

motor cortices during the resting state.4 In recent years, 

several resting-state fMRI studies have shown the existence 

of LFF in the language system,5 the default network,6 and the 

attention system.7 LFF was also used to study brain diseases 

such as Alzheimer’s disease,8 mild cognitive impairment 

(MCI),9 and agnosia10 and to determine the functional con-

nections in these conditions.11 

Brain functional connectivity (FC) of aphasia has been 

explored in several recent studies using fMRI.12–14 Compared 

to the controls, reduced FC was discovered in aphasic patients 

between left frontoparietal network (LFPN) and the right 

middle frontal cortex, medial frontal cortex, and right inferior 

frontal cortex.12 Balaev et al found the decreased FC between 

posterior part of the default mode (pDMN) and right fron-

toparietal networks.13 The brain connectivity for resting state 

networks decreases with the increase of aphasia severity.14 

Although the functional connections can identify brain net-

works including various brain regions from the whole brain, 

they cannot reveal the regional brain spontaneous neuronal 

activity (SNA) which leads to the changes in BOLD signal. 

Therefore, abnormal function connections between certain 

brain areas could not make the clear diagnosis.

The amplitude of low-frequency fluctuation (ALFF) 

calculates the amplitude change of the BOLD signal from 

the perspective of energy metabolism, and the resting-state 

BOLD-fMRI can adopt ALFF algorithm and directly reflect 

the extent of the regional brain SNA and metabolic activities.15 

The ALFF has been widely used to examine the SNA of the 

regional brain in diseases such as MCI,16 epilepsy,17 and 

Parkinson’s disease.18 

However, only a few studies to date have explored the 

ALFF in aphasia, and most of these studies focused on the 

early stages of post stroke. For instance, increased ALFF was 

found in right temporal regions and decreased ALFF in left 

frontal regions of aphasic patients.19 No study has examined 

the ALFF and its association with the severity in the chronic 

aphasic patients.

In this study, we applied two fMRI metrics to investigate 

the changes of regional SNA and the inter-regional FC. 

We compared the ALFF in aphasic patients with the healthy 

control subjects and examined its correlation with aphasia 

severity indicated by AQ. In addition, we measured the 

inter-regional FC. Our study provided valuable information 

regarding the pathophysiological mechanisms of chronic 

aphasia which could potentially improve aphasia therapy 

and recovery.

Materials and methods
subjects
The study was approved by Yantai Yuhuangding Hospital 

Institutional Review Board (IRB Project 2015012172) and 

conformed to the World Medical Association Declaration of 

Helsinki: Ethical Principles for Medical Research Involving 

Human Subjects. Written informed consent was obtained 

from all subjects who participated in the study. A total of 

17 aphasic patients (average age: 64±5.9 years, female and 

male 7/10 cases) were recruited between December 2015 and 

September 2016 from Yantai Yuhuangding Hospital (Table 1). 

All the subjects were right-handed, monolingual, and native 

Chinese speakers with no history of prior neurologic or 

psychiatric conditions. All the patients suffered a single cere-

brovascular accident ($6 months) involving the left cerebral 

hemisphere, and the related lesions were verified by magnetic 

resonance imaging (MRI). The healthy control group included 

20 cognitively normal subjects with matched gender and age 

(average 60±3.1 years, female and male 9/11 cases).

clinical aphasia assessment
The WAB was used to assess aphasia severity on the day 

before fMRI examination. The indicators of WAB included 

spontaneous language, listening comprehension, repeti-

tion, and naming. AQ was acquired after the examination. 

It can reflect the severity of aphasia and can also be used as 

the index for evaluating improvement and deterioration of 

aphasia. The highest AQ score is 100, and its normal range 

is 98.4~99.6. AQ ,93.8 can be rated as aphasia.

image acquisition
MRI scanning was performed on a Siemens Spectra 3.0 Tesla 

scanner (Siemens, Shenzhen, China). All of the resting-state 
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functional data were acquired using an echo-planar imaging 

sequence with the following parameters: repetition time/echo 

time (TR/TE) =2,330/30 ms, slice thickness =3 mm, slices =36, 

field of view (FOV) =240×240 mm2, base resolution =64×64, 

voxel size =3.8×3.8×3.0 mm3, and flip angle =90°. For each 

subject, a high-resolution T1-weighted anatomical image 

was acquired in a sagittal orientation using 3DT1 Magne-

tization Prepared Rapid Gradient Echo (MPRAGE) with 

the following parameters: TR/TE =2,300/2.52 ms, inver-

sion time (TI) =900 ms; slice thickness =1 mm, slab =176; 

FOV =256×256 mm2; base resolution =256×256, voxel 

size =1.0×1.0×1.0 mm3, and flip angle =9°.

fMri data preprocessing
The first five volumes of functional time series of each subject 

were discarded due to the possible instability in initial MRI 

signal and subject’s adaptation to scanning environment. 

The resting data were preprocessed using a Data Process-

ing Assistant for Resting-State fMRI Analysis Toolkit 

(DPARSF, http://resting-fmri.sourceforge.net) on the basis 

of functions in the Statistical Parametric Mapping (SPM 8). 

Resting-State fMRI Data Analysis Toolkit (REST) was used 

for “pipeline” data analysis of resting-state fMRI. First, slice 

timing and head motion correction were carried out. Three 

subjects who had .2 mm of translation or .2 degrees of 

rotation in any direction were excluded, thus finally, 17 cases 

were effectively included in the study. Second, after head 

motion correction, the structural image of each subject was 

coregistered to the functional image using a nonlinear image 

registration approach.20 The coregistered structural images 

were segmented using the unified segmentation algorithm. 

Therefore, fMRI images were spatially normalized to stan-

dard Montreal Neurologic Institute (MNI), and the images 

were resampled at a voxel size of 3×3×3 mm3. Subsequently, 

spatial smoothing was conducted with a Gaussian kernel 

of 6 mm full-width at half maximum to remove the linear 

trend. Temporal band-pass filtering (0.01–0.08 Hz) was used 

to reduce low-frequency drift, high-frequency respiratory 

noise, and cardiac noise.

alFF analysis
Before calculating ALFF, a common practice for resting-

state fMRI preprocessing is to regress out head motion 

parameters and white matter/cerebrospinal fluid (WM/CSF) 

signals to minimize the physiological noises. The ALFF 

was calculated by following procedure stated in a previ-

ous study.21 The filtered time series was transformed to a 

frequency spectrum with a fast Fourier transform. Because 

the frequency spectrum is proportional to the square of the 

amplitude of frequency of the original time series, the square 

Table 1 clinical characteristics of 17 aphasia patients

No Gender Age Aphasia 
classification

Site of lesion Size of lesion 
(cm3)

Duration 
(months)

AQ SS 
(0–20)

AC 
(0–200)

R 
(0–100)

N 
(0–100)

1 F 72 global aphasia Perisylvian cortex 107.1 6 30.6 3 89 74 33
2 M 57 expressive aphasia Temporal limbic 62.4 7 29.1 8 190 97 95
3 F 58 anomic aphasia Temporal occipital 79.5 7 54.6 16 197 95 72
4 M 66 receptive aphasia Temporal occipital 125.3 8 38.3 18 150 97 98
5 M 62 expressive aphasia inferior frontal gyrus 46.9 7 60.5 10 198 100 99
6 M 59 expressive aphasia inferior frontal gyrus 55.3 7 60.8 11 199 100 99
7 F 67 anomic aphasia Temporal occipital 76.8 6 57.7 18 189 100 85
8 M 58 aphasia, but subtypes 

of aphasia are not clear
Temporal 38.4 7 55.6 16 160 95 95

9 M 71 expressive aphasia inferior frontal gyrus 20.2 9 58.3 5 194 96 95
10 M 46 aphasia, but the 

subtype is not clear
Frontal temporal limbic 133.4 7 53.7 15 174 86 88

11 F 65 anomic aphasia Temporal occipital 89.6 7 44.8 16 150 84 57
12 M 63 aphasia, but the 

subtype is not clear
subcortical insular 177.3 6 47.6 10 100 87 96

13 M 63 receptive aphasia Temporal occipital 122.6 6 52.7 19 120 99 95
14 F 64 expressive aphasia Temporal limbic 68.5 7 56.7 5 186 90 98
15 F 67 expressive aphasia Temporal limbic 19.3 8 54.4 2 178 91 91
16 F 72 anomic aphasia Temporal occipital 25.1 7 49.3 19 200 86 46
17 M 62 aphasia, but the 

subtype is not clear
Temporal occipital 67.6 6 52.5 15 180 84 81

Notes: aQ score = (spontaneous speech score/20 + auditory comprehension score/20 + repetition score/10 + naming score/10) ×2. The highest score is 100 points, with 
normal score range of 98.4–99.6. an aQ score ,93.8 can be classified as aphasia.
Abbreviations: aQ, aphasia quotient; ac, auditory comprehension; F, female; M, male; ss, spontaneous speech; r, repetition; N, naming.
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root of frequency spectrum at each voxel was calculated at 

each frequency across 0.01–0.08 Hz. The averaged square 

root was taken as the ALFF. For standardization purposes, 

the ALFF of each voxel was normalized to the global mean 

ALFF (mALFF) value. Comparison of mALFF values was 

performed with a two-sample Student’s t-test to detect 

regional SNA in the whole brain.

Fc analysis
FC was calculated with the procedure in accordance with a 

previous study.22 We regressed out 9 additional covariates 

that modeled nuisance signals sampled from white matter, 

cerebrospinal fluid, whole brain signal, as well as from 4 

motion parameters (2 rotation and 2 translation as saved by the 

3D motion correction) to reduce the effects of physiological 

processes such as fluctuations related to cardiac and respira-

tory cycles or to motion.23 For each of the posterior middle 

temporal gyrus (PMTG) regions of interest (ROIs), a seed 

reference time course was obtained by averaging the time 

series of all voxels in the ROI. Pearson correlation analysis 

was then performed between the seed reference time course 

and time series of each voxel in the brain. Fisher’s method 

was used to transform the resultant correlation coefficients 

into z-scores to obtain the normal distribution of the data.

statistical analysis
ALFF was compared between 17 aphasic patients and 20 

normal healthy subjects using two-sample Student’s t-test. 

P-value ,0.001 (AlphaSim corrected) and cluster size .27 

voxels produced the false discovery rate ,0.05 and were con-

sidered to be significantly different for ALFF values between 

the two groups.24 Linear Pearson correlation analysis was per-

formed between AQ of aphasic patients and left PMTG, left 

medial prefrontal gyrus (MPFG) and right cerebellum. Left 

PMTG was selected as a seed point. One-sample Student’s 

t-test was conducted to compare the FC of left PMTG and 

other brain regions. P-value ,0.001 (uncorrected) and cluster 

size .40 voxels were considered to be statistically significant 

between left PMTG and other brain regions.

selection of rOi
The left PMTG showed decreased ALFF in the aphasia 

group and was selected as a seed point. The coordinates of 

the seed point were xyz = (−60 −62 0) mm, and the volume 

of the ROI covered 73 voxels. The ROI was generated by 

the REST slice viewer (Figure 1).

Results
clinical characteristics of the participants 
Aphasic patients and healthy controls were age and gender 

matched. The average age was 64±5.9 years for the aphasic 

group and 60±3.1 years for the controls. No significant dif-

ferences were observed in age and gender (P.0.1). The 

average duration of aphasia was 6.9±0.8 months (range: 

6–9 months) (Table 1). The excessive motion was defined 

as .2 mm of translation or .2 degrees of rotation in any 

direction, and all excessive motion data in subjects were 

excluded. The WAB results of 17 chronic aphasic patients 

were shown in Table 1. The average AQ score for the aphasic 

patients was 66.6±14.5. Out of 17 aphasic patients, 6 had 

expressive aphasia, also called Broca’s aphasia. The main 

clinical symptom for these expressive aphasias was inability 

of speaking fluently. Four patients had anomic aphasia with 

the main clinical feature of word retrieval failures, mainly 

spontaneous naming disorder. Two patients had receptive 

aphasia and 1 had global aphasia. In addition, the subtypes 

of 4 aphasic patients were not clear. The site and size of the 

lesions were also listed in Table 1.

alFF values in aphasic patients 
Compared with the normal control subjects, aphasic patients 

showed decreased ALFF in left PMTG, left MPFG, and 

Figure 1 selection of rOis. location of seeds (intersecting red lines) and rOis (red cubes) were used to represent the left PMTg on three orthogonal views of the human 
brain. The images were displayed in radiological display convention (right is left).
Abbreviations: rOis, regions of interest; PMTg, posterior middle temporal gyrus.
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right cerebellum. In contrast, the increased ALFF was 

observed in the left occipital lobe, precentral gyrus, insula, 

and right precuneus (P,0.001, AlphaSim corrected, cluster 

size .27 voxels) (Figure 2).

Then, we compared the ALFF values between expressive 

aphasia and anomic aphasia in left PMTG, left MPFG, and 

right cerebellum. No significant difference of ALFF was 

found in the examined brain regions between expressive 

and anomic aphasia.

correlation analysis
Pearson correlation analysis was performed between AQ and 

ALFF values of regions with decreased ALFF in aphasic 

patients. Positive correlations were observed between AQ 

and ALFF values, with correlation coefficients of 0.7938 (left 

PMTG), 0.5384 (left MPFG), and 0.2934 (right cerebellum), 

respectively. All P-values were ,0.05. Among all the exam-

ined brain regions, the left PMTG showed the largest positive 

correlation between ALFF values and AQ (Figure 3A–C). 

No significant correlations were obtained between aphasia 

severity and ALFF in the left occipital lobe, precentral gyrus, 

insula, and right precuneus (all P-values .0.1).

In terms of the subscores of AQ, a significant positive 

correlation was also observed between ALFF values and 

SS scores in left PMTG (r2=0.8158, P,0.001), left MPFG 

(r2=0.9583, P,0.001), and right cerebellum (r2=0.6124, 

P,0.009) (Figure 3D–F). We found no other significant 

correlations between the ALFF values in other brain ROIs 

and clinical characteristics including AC, repetition score, 

and naming score. 

Fc with left PMTg-rOi in normal 
controls and chronic aphasic patients
In normal controls, positive FC with the left PMTG-ROI 

was observed in the left inferior temporal gyrus (BA21), 

fusiform gyrus (BA37), inferior frontal gyrus (BA47\45\44), 

suprarginal gyrus (BA39), right middle temporal gyrus 

(BA20), orbital frontal gyrus (BA47), and Zmiddle frontal 

gyrus (BA46) (P,0.001, uncorrected, cluster size .40 voxels) 

(Figure 4).

Negative FC with left PMTG-ROI was observed in 

the bilateral superior frontal gyrus (BA9), occipital lobe 

(BA17\18\19), right head of the caudate nucleus, and cerebel-

lum tonsil (P,0.001, uncorrected, cluster size .40 voxels) 

(Figure 4).

Discussion
Aphasia is a language dysfunction caused by brain lesions. 

Variation in causes, lesion location, and disease process 

results in different clinical manifestations, and thus, patients 

exhibit different subtypes of aphasia. The precise connec-

tions between brain regions and symptom classification are 

not available. Therefore, currently, there are no exact clas-

sification criteria for aphasia, and almost half of the aphasic 

patients cannot be classified as the subtypes of aphasia. In this 

study, we explored the mechanism of language dysfunction 

Figure 2 alFF changes in brain regions of aphasic patients. The red area represented brain regions with decreased alFF compared with normal subjects, and the blue 
area represented brain regions with increased alFF compared with normal subjects. left and right images were distinguished according to the radiology convention. The 
numerical values at the lower right corner of each image were Z-axis values of the MNi coordinate. Two-sample student’s t-test was used for statistical analysis (P,0.005, 
alphasim corrected, cluster size .27 voxels). The results were displayed on resT slice viewer.
Notes: T.3 or ,−3.0 indicates P,0.01. red color represents positive correlations and blue color represents negative correlations.
Abbreviations: ALFF, amplitude of low-frequency fluctuation; MNI, Montreal Neurologic Institute; REST, Resting-State fMRI Data Analysis Toolkit.
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Figure 3 correlation between alFF values in rOis and aQ or ss scores. The Y-axis represents the alFF values in different rOis, and the X-axis represents aQ or ss score. 
Brain regions with increased alFF are generated into rOis by resT slice viewer. (A and D) left PMTg; (B and E) left MPFg; (C and F) right cerebellum. Pearson correlation 
analysis was conducted and P,0.05 for the correlation analysis (A–F).
Abbreviations: ALFF, amplitude of low-frequency fluctuation; ROIs, regions of interest; AQ, aphasia quotient; SS, spontaneous speech; PMTG, posterior middle temporal 
gyrus; MPFg, medial prefrontal gyrus; resT, resting-state fMri Data analysis Toolkit.

Figure 4 Functional connectivity in the normal control group. The red area represents significant positive functional connectivity, while the blue area represents significant 
negative functional connectivity with the left PMTg-rOi in the normal control group. in each row, the Z coordinates of the MNi of the images ranged from z=−30 to 
z=55 mm (every 5 mm). The images were displayed in radiological display convention (right is left) (P,0.001, uncorrected, cluster size .40 voxels).
Notes: T.3 or ,−3.0 indicates P,0.01. red color represents positive correlations and blue color represents negative correlations.
Abbreviations: PMTg, posterior middle temporal gyrus; rOi, region of interest; MNi, Montreal Neurologic institute.
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of aphasia in 17 patients with different aphasia subtypes and 

20 normal subjects by resting-state fMRI using ALFF as an 

index. We found that the brain regions showing decreased 

ALFF in aphasic patients were mainly distributed in the left 

PMTG, left MPFG, and right cerebellum. Then, we extracted 

ALFF values of the brain regions by using REST software 

and found that these ALFF values were positively correlated 

with the AQ of aphasic patients. We selected the left PMTG, 

which showed highest ALFF value, as a seed point for func-

tional connection analysis. Positive FC in a network included 

the left inferior temporal gyrus (BA21), fusiform gyrus 

(BA37), inferior frontal gyrus (BA47\45\44), suprarginal 

gyrus (BA39), right middle temporal gyrus (BA20), orbital 

frontal gyrus (BA47), and middle frontal gyrus (BA46).

In this study, the left PMTG, left MPFG, and right cer-

ebellum showed decreased ALFF in aphasic patients. Lesions 

affecting the left PMTG and underlying white matter could 

produce severe comprehension deficits.25 Turken et al applied 

diffusion tensor imaging and resting-state FC and found 

extensive structural connectivity and FC between left PMTG 

and multiple brain areas involved in language function.26 

The MPFG is often referred to a part of the default network.6 

Binder et al in a meta-analysis found that the MPFG par-

ticipates in semantic processing.27 Marien reported a case 

of right cerebellum infarction with cognitive and language 

disorders.28 Therefore, these three brain regions are all 

involved in language function. When these brain regions are 

impaired, patients may exhibit language disorder. Therefore, 

the decreased ALFF of these brain regions might indicate 

abnormal hemodynamics which results in the occurrence of 

aphasia. Interestingly, there was no significant difference of 

ALFF between expressive aphasia and anomic aphasia. This 

might be due to the overlap of clinical features and causes 

in our study. All the patients enrolled in this study had the 

damage of single cerebrovascular accident involving the left 

cerebral hemisphere.

The regions showing increased ALFF covered left 

occipital lobe, precentral gyrus, insula, and right precuneus. 

The occipital lobe is involved in visual functions, and aphasic 

patients might compensate for a lack of comprehension by 

enhancing visual stimulation to increase their understanding 

of input. The occipital lobe can function the language pro-

cessing networks in congenitally blind patients.29 The pre-

central gyrus, a motor function area, could be activated when 

aphasic patients are requested to produce oral expressions. 

They might use gestures or body movements to express their 

intent. Therefore, compared with normal subjects, increased 

SNA and ALFF in the visual cortex and motor cortex of 

aphasic patients may compensate for the impaired language 

function. The insular cortex belongs to the part of the limbic 

system, and its damage may result in the language disorder. 

Lemieux et al reported that the insular cortex stroke patients 

showed transient and frequent clinical manifestations, includ-

ing non-fluent aphasia, anomia, and phonemic paraphasia, 

combined with mild comprehension and poor repetition.30 

Recently, Whitney et al found that the connections between 

the right precuneus and bilateral posterior and middle 

cingulate gyrus might play an important role in language 

comprehension.31 In short, the increased ALFF signal in the 

left occipital lobe, precentral gyrus, insula, and right precu-

neus in aphasic patients suggests that these areas have roles 

in the functional reorganization or compensatory effect in 

the recovery of language function. 

Our study showed that AQ of aphasic patients was posi-

tively correlated with ALFF value of the left PMTG, left 

anterior medial frontal gyrus, and right cerebellum. Thus, in 

the same brain regions, lower ALFF signal indicates lower 

AQ and higher degree of aphasia. Since ALFF directly 

reflects the extent of regional brain SNA, the decreased 

SNA might be associated with the language dysfunctions of 

aphasic patients. The intrinsic SNA of these brain regions 

could influence extrinsic language performance. Since left 

PMTG showed the highest correlation between ALFF and 

AQ, we then proposed that SNA of left PMTG might exert 

large influence on language function supported by previous 

studies that damaged left PMTG could lead to severe and 

persistent language comprehension disorder.25,26

In this study, we found that the SNA level of the left 

PMTG decreased in the aphasic patients and showed a 

positive correlation with AQ. Anatomically, the left PMTG 

lies at the junction of the auditory and visual cortex and 

accepts information from the Wernicke’s area (post superior 

temporal gyrus), the primary auditory cortex (transverse 

gyrus), and the visual cortex. Previous studies have shown 

that the left PMTG involved in the comprehension of lexical 

and vocabulary25 and has structural and functional connec-

tions with many brain areas involved in language function.26 

Therefore, we selected the left PMTG other than MPFG 

or right cerebellum as a seed point to explore the normal 

language network.

Our study also showed a positive FC between the left 

PMTG and the left middle temporal gyrus (BA21), inferior 

temporal gyrus (BA20), fusiform gyrus (BA37), the inferior 

frontal gyrus (BA47\45\44), supramarginal gyrus (BA39), 

right middle temporal gyrus (BA21), right orbital frontal 

gyrus (BA47), and the right middle frontal gyrus (BA46). 
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Compared to the healthy controls, our study showed that late-

stage patients significantly decreased connections between 

left PMTG and right middle temporal gyrus networks, 

which was not discovered in the early stage of aphasia after 

stroke. The decrease is likely due to the loss of FC between 

the nodes. In addition, this might reflect the progression of 

aphasia after stroke and decreased functional activity occurs 

gradually not only in the regions with brain lesions but also in 

the associated regions in the right hemisphere. This might be 

the consequence of neuroplasticity, which the brain activity 

can be transferred to a different location.32

Electrical stimulation to the left fusiform gyrus (BA37) 

will produce different symptoms of aphasia.29 Price reviewed 

language processing and found that meaningful speech will 

lead to activation of medial and inferior temporal gyrus.30 

The inferior frontal gyrus is involved in the semantic 

processing of sentences. BA44 will be kept in continual 

activation when the sentence becomes harder to understand, 

such as ambiguous sentences,31 abstract sentence,33 and 

sentence involving grammar.34,35 BA45 will be activated in 

word retrieval.36 BA47 will be activated upon syntactic and 

semantic processing.37 It is well known that damage to the 

supramarginal gyrus and its subcortical fiber bundle will 

lead to conduction aphasia. Supramarginal gyrus has been 

reported to involve working memory related to phonemes,38 

and this can explain why conduction aphasia exhibits 

phonemic paraphasia.

Van Ettinger-Veenstra et al found that performance in 

both reading and high-level language tests was positively 

correlated with the increased right-hemispheric activation in 

the inferior frontal gyrus (specifically BA47), the dorsolateral 

prefrontal cortex, and the medial temporal gyrus (BA21). 

This indicates that the right temporal lobe and frontal lobe 

might play a positive role in the regulation of language.39 

Rhythm change might produce various semantics in Chinese 

speakers. Various studies have confirmed that rhythm exhib-

its right lateralization.40 Moreover, Ethofer et al found that 

the right middle temporal and the right inferior frontal gyrus 

are involved in emotional prosody sequences.41

In summary, the decreased ALFF values were found in 

left PMTG, left MPFG, and right cerebellum of the chronic 

aphasic patients. ALFF values in these brain regions were 

positively correlated with the severity of aphasia as indicated 

by AQ scores. Compared with other examined brain regions, 

ALFF value of the left PMTG has the largest correlation 

with AQ scores. We speculate that the left PMTG might 

play an important role in language dysfunction of aphasia. 

The decreased ALFF value of left PMTG neurons could 

be used as a novel biomarker to evaluate the severity of 

aphasia, thereby evaluating the prognosis and deterioration 

of aphasic patients.
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