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Selective Functional Disconnection 
of the Dorsal Subregion of the 
Temporal Pole in Schizophrenia
Lixue Xu1,*, Wen Qin1,*, Chuanjun Zhuo1,2,3,*, Jiajia Zhu1, Huaigui Liu1, Xingyun Liu1, 
Yongjie Xu1 & Chunshui Yu1

Although extensive resting-state functional connectivity (rsFC) changes have been reported in 
schizophrenia, rsFC changes in the temporal pole (TP) remain unknown. The TP contains several 
subregions with different connection patterns; however, it is not known whether TP subregions are 
differentially affected in schizophrenia. Sixty-six schizophrenia patients and 76 healthy comparison 
subjects underwent resting-state fMRI using a sensitivity-encoded spiral-in (SENSE-SPIRAL) imaging 
sequence to reduce susceptibility-induced signal loss and distortion. The TP was subdivided into 
the dorsal (TPd) and ventral (TPv) subregions. Mean fMRI time series were extracted for each 
TP subregion and entered into a seed-based rsFC analysis. Direct between-group comparisons 
revealed reduced rsFC between the right TPd and brain regions involved in language processing 
and multisensory integration in schizophrenia, including the left superior temporal gyrus, left 
mid-cingulate cortex, and right insular cortex. The rsFC changes of the right TPd in schizophrenia 
were independent of the grey matter reduction of this subregion. Moreover, these rsFC changes 
were unrelated to illness severity, duration of illness and antipsychotic medication dosage. No 
significant group differences were observed in the rsFC of the left TPd and bilateral TPv subregions. 
These findings suggest a selective (the right TPd) functional disconnection of TP subregions in 
schizophrenia.

Schizophrenia is a chronic, disabling mental disorder that has been considered a disconnection syn-
drome and that exhibits both anatomical and functional disconnections in multiple brain regions1. The 
most rostral portion of the temporal cortex, the temporal pole (TP), has been known to play an impor-
tant role in language2,3, multisensory integration4,5, and social affective behaviours6; these behaviours 
have been found to be impaired in schizophrenia. Although two previous studies did not reveal sig-
nificant grey matter volume (GMV) changes in the TP in schizophrenia7,8, other studies have reported 
significantly reduced GMV in the TP in patients with chronic schizophrenia9,10, in first-episode patients 
with schizophrenia11,12, and in young relatives at risk for schizophrenia13. Reduced GMV in the TP 
has been associated with deficits in formal thought disorder14 and theory of mind15 in schizophrenia. 
Structural abnormalities (thinner cortex) in the TP are even found in neonates who carry a risk gene 
for schizophrenia16. Schizophrenia patients also exhibit task-evoked activation changes in the TP during 
cognitive or emotional tasks17–19, and abnormal activation has even been observed in risk gene carriers20. 
Moreover, network analysis shows that schizophrenia patients exhibit significantly longer node-specific 
path lengths of the TP, indicating network connectivity impairment of the TP21. More importantly, sev-
eral recent studies have provided evidence of abnormal resting-state functional connectivity (rsFC) of the 
TP in schizophrenia patients with visual hallucinations22, in first-episode patients with schizophrenia23, 
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and in schizophrenia patients with or without neuroleptic treatment24. However, none of these studies 
used the TP as a seed region to fully elucidate the rsFC changes of the TP in schizophrenia.

Its functional diversity suggests that the TP may contain several subregions, which has been confirmed 
by two recent MRI-based parcellation studies that investigated the TP. Based on anatomical connection 
patterns, the TP is subdivided into the dorsal (TPd), medial (TPm) and lateral (TPl) subregions25. Based 
on rsFC patterns, the left TP is divided into the dorsal, ventromedial, medial, and anterolateral subre-
gions26. These findings suggest that each TP subregion has a specific connection pattern and that these 
subregions may be involved in different functional networks. Investigation of subregional changes in the 
TP may provide the characteristic pattern of the rsFC impairment of the TP in schizophrenia, which may 
improve our understanding of the role of each TP subregion in the physiopathology of schizophrenia. 
Nevertheless, all previous research on schizophrenia has considered the TP as a single region, leaving TP 
subregional changes in schizophrenia largely unknown.

The lack of targeted functional MRI (fMRI) studies of the TP in schizophrenia can be largely attrib-
uted to the inherent limitations of the echo-planar imaging (EPI) technique. Most fMRI studies examine 
blood oxygenation level-dependent (BOLD) signals using the EPI technique, which inevitably causes 
susceptibility-induced signal loss and distortion in the TP region. This flaw also reduces our confidence 
in reliability of TP functional changes in schizophrenia derived from previous fMRI studies based on 
the EPI technique. To reduce susceptibility artefacts in air/tissue interfaces, a sensitivity-encoded spi-
ral imaging (SENSE-SPIRAL) technique has been proposed to acquire fMRI data27. This technique can 
improve the fMRI quality of the TP and makes rsFC analysis of the TP more reliable than the conven-
tional EPI sequence.

In this study, we aimed to use the SENSE-SPIRAL imaging technique to test the hypothesis that the 
rsFC of TP subregions is not uniformly impaired in schizophrenia.

Methods and Materials
Participants. A total of 98 in-patients with schizophrenia and 91 healthy comparison subjects 
were recruited for this study. Diagnoses for patients were confirmed using the Structured Clinical 
Interview for DSM-IV. The inclusion criteria included age (18–55 years), Chinese Han population, and 
right-handedness. The exclusion criteria included MRI contraindications, poor image quality, presence 
of a systemic medical illness or CNS disorder, history of head trauma, substance abuse within the last 
3 months or a lifetime history of substance abuse or dependence. Additional exclusion criteria for the 
healthy comparison subjects included a history of any Axis I or II disorders, diagnosis of a psychotic 
disorder or a first-degree relative with a psychotic disorder. Four schizophrenia patients were excluded 
because of their oversized head motion (translational or rotational motion parameters more than 2 mm 
or 2°). In addition, 28 patients and 15 healthy comparison subjects were excluded because of distortion 
and signal loss in the TP region. A total of 66 schizophrenia patients and 76 healthy comparison subjects 
were finally included in further analysis (Table  1). The clinical symptoms of psychosis were quantified 
with the Positive and Negative Syndrome Scale (PANSS)28. This study was approved by the Medical 
Research Ethics Committee at Tianjin Medical University General Hospital, and after complete descrip-
tion of the study to the participants, written informed consent was obtained. The method was carried 
out in accordance with the approved guidelines.

Image data acquisition. MRI was performed using a 3.0-Tesla MR system (Discovery MR750, 
General Electric, Milwaukee, WI, USA). Tight but comfortable foam padding was used to minimize head 

Characteristics

Healthy 
Comparison 

Subjects 
(n = 76)

Schizophrenia 
Patients (n = 66) Analysis

Mean SD Mean SD t/χ2 p

Age (years) 33.0 10.4 33.0 7.6 t =  − 0.026 0.980

Sex M38 F38 M38 F28 χ 2 =  0.815 0.367

Duration of illness (months) — — 114.0 87.7 — —

Positive and Negative Syndrome Scale score

Positive subscore — — 17.0 8.1 — —

Negative subscore — — 21.1 8.7 — —

General subscore — — 72.6 23.3 — —

Current antipsychotic dosage 
(chlorpromazine equivalents) 
(mg/d)

— — 437.4 336.2 — —

Table 1.  Demographic and clinical characteristics of schizophrenia patients and healthy comparison 
subjects.
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motion, and earplugs were used to reduce scanner noise. Sagittal 3D T1-weighted images were acquired 
by a brain volume sequence with the following parameters: repetition time (TR) =  8.2 ms; echo time 
(TE) =  3.2 ms; inversion time =  450 ms; flip angle (FA) =  12°; field of view (FOV) =  256 mm ×  256 mm; 
matrix =  256 ×  256; slice thickness =  1 mm, no gap; and 188 sagittal slices. Two sets of resting-state fMRI 
data were acquired. A gradient-echo single-shot EPI sequence was performed using the following parame-
ters: TR/TE =  2000/45 ms; FOV =  220 mm ×  220 mm; matrix =  64 ×  64; FA =  90°; slice thickness =  4 mm; 
gap =  0.5 mm; 32 interleaved transverse slices; 180 volumes. A gradient-echo SENSE-SPIRAL (spiral-in) 
sequence was performed using the following parameters: TR/TE =  1400/30 ms; FA =  60°; 250 volumes; 
acceleration factor =  2. The FOV, matrix, slice thickness, gap, and slice number were the same as the EPI 
sequence. All slices were parallel to the AC-PC line. No particular adjustments for shimming or gradi-
ent moment correction were applied. During fMRI scans, all subjects were instructed to keep their eyes 
closed, to relax and move as little as possible, to think of nothing in particular, and to not fall asleep.

GMV calculation. The GMV of each voxel was calculated using Statistical Parametric Mapping 
software (SPM8; http://www.fil.ion.ucl.ac.uk/spm/software/spm8/). The structural MR images were 
segmented into grey matter (GM), white matter and cerebrospinal fluid using the standard unified 
segmentation model. After an initial affine registration of the GM concentration map into Montreal 
Neurological Institute (MNI) space, GM concentration images were nonlinearly warped using diffeo-
morphic anatomical registration through the exponentiated lie algebra (DARTEL) technique29 and were 
resampled to 1.5-mm cubic voxels. The GMV of each voxel was obtained by multiplying the GM con-
centration map by the non-linear determinants derived from the spatial normalization step. Finally, 
GMV images were smoothed with a Gaussian kernel with a 6 ×  6 ×  6 mm3 full-width at half maximum 
(FWHM). After spatial preprocessing, the normalized, modulated, and smoothed GMV maps were used 
for statistical analysis.

fMRI data preprocessing. Two sets of resting-state fMRI data were preprocessed using SPM8 using 
the same procedures. The first 10 volumes for each subject were discarded to allow the signal to reach 
equilibrium and the participants to adapt to the scanning noise. The remaining volumes were then cor-
rected for the acquisition time delay between slices. All subjects’ fMRI data were within defined motion 
thresholds (translational or rotational motion parameters less than 2 mm or 2°). We also calculated frame-
wise displacement (FD), which indexes volume-to-volume changes in head position30. There were no sig-
nificant group differences in FD (t =  0.654, p =  0.514) between the schizophrenia patients (0.114 ±  0.063) 
and the healthy comparison subjects (0.108 ±  0.053). Because recent studies have reported that the sig-
nal spike caused by head motion significantly contaminates final resting-state fMRI results even after 
regressing out the realignment parameters30, we removed spike volumes if the FD of that specific volume 
exceeded 0.5. Several nuisance covariates (six motion parameters and the average BOLD signals of the 
ventricles, white matter and whole brain) were regressed out from the data. The datasets were band-pass 
filtered, with a frequency range of 0.01 to 0.08 Hz. Individual structural images were linearly coregistered 
to the mean functional image; then, the transformed structural images were segmented into GM, white 
matter, and cerebrospinal fluid. The GM maps were linearly coregistered to the tissue probability maps 
in MNI space. Finally the motion-corrected functional volumes were spatially normalized to MNI space 
using the parameters estimated during linear coregistration. The functional images were resampled into 
a 3 ×  3 ×  3 mm3 voxel. After normalization, all datasets were smoothed with a Gaussian kernel with a 
6 ×  6 ×  6 mm3 FWHM.

Definition of TP subregions. A previous study parcellated the TP into the TPd, TPm and TPl sub-
regions based on anatomical connection patterns25. Initially, we defined a total of 6 subregions in the 
bilateral TP according to the maximal probability maps obtained in this study (Fig. 1A). However, the 
rsFC patterns of the TPm and TPl were very similar in both healthy comparison subjects and schizo-
phrenia patients (Figures S1, S2 in Supplement 1), suggesting that they belonged to the same functional 
subregion of the TP. Therefore, we merged the TPm and TPl into a ventral subregion (TPv) (Fig. 1B). 
Finally, a total of 4 TP subregions were defined.

Image quality assessments. TP image quality was compared between the EPI and SENSE-SPIRAL 
sequences with regard to signal intensity and distortion of the TP. The relative signal intensity (rSI) of 
each TP region (TPd, TPm and TPl bilaterally) was calculated by dividing the signal intensity of each 
region by the mean signal intensity of the whole-brain GM and was compared between the two imag-
ing methods. The distortion severity was assessed by observing deviations of the normalized functional 
images from the structural images. As expected, the SENSE-SPIRAL sequence had better image quality; 
therefore, the fMRI data from this sequence were used to perform rsFC analysis. To further exclude the 
possible effect of signal loss on our results, we excluded subjects whose rSI in any TP subregion was lower 
than 0.5. Moreover, we also inspected the temporal signal-to-noise ratio (tSNR) of the TP subregions. 
The tSNR is defined as the mean of a voxel timecourse divided by its temporal standard deviation31. For 
each TP subregion in each individual, we calculated the tSNR of the motion-corrected and normalized 
fMRI timecourse25,26,32. Then, we compared the tSNR between healthy comparison subjects and schizo-
phrenia patients.

http://www.fil.ion.ucl.ac.uk/spm/software/spm8/
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Independent component analysis (ICA). To determine whether the TP subregions were involved 
in different “canonical” resting-state networks (RSNs), we performed an ICA analysis in healthy com-
parison subjects based on the realigned, normalized and smoothed SENSE-SPIRAL images using the 
group ICA (GICA) method. The detailed procedure has been described in our previous study33. Ten 
meaningful components were identified as “canonical” RSNs. Then, we performed a one-sample t-test 
to generate group masks for these RSNs (family-wise error (FWE)-corrected p <  0.05, two-tailed, cluster 
size >  30 voxels) (Figure S3 in Supplement 1). To investigate the involvement of each TP subregion in 
these “canonical” RSNs, we inspected the overlap between each RSN mask and each TP subregion.

rsFC analysis. For individual datasets, Pearson’s correlation coefficients between the mean time series 
of each TP subregion and the time series of each voxel in other parts of the brain GM were computed 
and converted to z values using Fisher’s r-to-z transformation to improve normality. Each individual’s z 
values were then entered into a random-effect one-sample t-test in a voxel-wise manner to identify brain 
regions that showed significant positive correlations with each TP subregion. Then, a two-sample t-test 
was performed within the positive rsFC mask to quantitatively compare group differences in the rsFC 
of each TP subregion after controlling for age and gender. Multiple comparisons for these analyses were 
corrected using a false discovery rate (FDR) method (p <  0.05, two-tailed). We only focused on the pos-
itive rsFC networks because the biological meaning of negative rsFC networks is a matter of debate34,35. 
To exclude the possible effect of GMV on rsFC changes, we repeated the rsFC comparisons with the 
GMV of each TP subregion as an additional covariate. The same statistical threshold (p value) that was 
used in the original rsFC analysis was used in the repeated analysis.

Node degree analysis. In graph theory, the degree of a node is defined as the number of edges linked 
to this node. Here, each TP subregion was treated as a node, and the significant functional connectivity 
between the node and each grey matter voxel in the brain (excluding the node itself) was treated as an 
edge. We calculated the degree of each node under different connectivity thresholds, ranging from 0 to 
0.4 (0, 0.1, 0.2, 0.3, 0.4) Pearson’s correlation coefficients (r). A two-sample t-test was performed to com-
pare group differences in node degree in each TP subregion. The significance level was set at p <  0.05 
after Bonferroni correction for multiple comparisons.

Validation analysis. Considering that the TP subregions extracted from the maximal probability 
maps may result in information overlap across subregions due to the normalization and smoothing pre-
processing steps, we also defined the TP subregions using an alternative method (spheres with a radius 
of 6 mm centred at the centre of gravity of each TP subregion) to exclude the effect. We repeated our 
rsFC analyses to test whether the different methods used for seed definition would influence our results.

Correlations between imaging and clinical parameters. To test whether the GMV and rsFC of 
the TP subregions with significant intergroup differences were correlated with the clinical variables, 
we extracted these imaging measures and calculated Spearman’s correlation coefficients between these 
imaging measures and the clinical parameters (i.e., PANSS score, duration of illness, and antipsychotic 
dosage). A value of p <  0.05 was considered significant.

Figure 1. The maximal probability maps of subregions of the temporal pole (TP). (A) shows the maximal 
probability maps of the dorsal (TPd), medial (TPm) and lateral (TPl) subregions of the TP. (B) demonstrates 
the maximal probability maps of the dorsal (TPd) and ventral (TPv) subregions of the TP.
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Results
Image quality assessments of the TP subregions. TP signal intensity in four representative sub-
jects is displayed in Figure S4 in Supplement 1. Images acquired with the SENSE-SPIRAL sequence 
exhibited less signal dropout than images acquired with the EPI sequence. The mean rSI of each TP 
subregion is shown in Table S1 and Figure S5A, 5B in Supplement 1. For all TP subregions, the mean 
rSIs derived from the SENSE-SPIRAL fMRI were greater than 0.5; however, the mean rSI of the left 
TPm derived from the EPI fMRI was less than 0.5. Using the structural images as a gold standard, the 
normalized functional images derived from the SENSE-SPIRAL fMRI exhibited less distortion in the TP 
and orbitofrontal cortex than those derived from the EPI fMRI (Figure S6 in Supplement 1). Therefore, 
the functional images derived from the SENSE-SPIRAL fMRI were used for the rsFC analysis. Moreover, 
we excluded subjects whose rSI in any region was lower than 0.5 to ensure the signal intensity of the TP 
was high enough. This procedure excluded 28 patients and 15 healthy comparison subjects. The mean rSI 
of each TP subregion of the remaining subjects is shown in Table S2 and Figure S5C, 5D in Supplement 
1. We did not find any significant intergroup differences in rSI in any of the TP subregions (Table S3 
in Supplement 1). We also did not find any significant group differences in the tSNR in any of the TP 
subregions except for the left TPv (t =  2.390, p =  0.018) (Table S4 in Supplement 1).

Demographic and clinical characteristics of subjects. We finally included 66 schizophrenia 
patients (38 males; age: 33.0 ±  7.6 years) and 76 healthy comparison subjects (38 males; age: 33.0 ±  10.3 
years). The demographic and clinical characteristics of these subjects are summarized in Table 1. There 
were no significant group differences in sex (χ 2 =  0.815, p =  0.367) or age (t =  − 0.026, p =  0.980). To 
further exclude the effects of sex and age on our results, we considered these two variables as covariates 
of no interest throughout the rsFC analyses. Sixty-one patients were receiving atypical antipsychotics 
when performing the MRI examinations; five patients had never received any medications.

The rsFC map of each group. The rsFC map of each TP subregion for each group is depicted in 
Fig. 2. In the healthy comparison subjects, each TP subregion had a specific rsFC pattern. The TPd was 
mainly connected to the language areas around the Sylvian fissure and the sensorimotor cortex, which 
is consistent with a previous study25. The TPv had connectivity to the middle temporal gyrus (MTG), 
medial prefrontal cortex (MPFC), and posterior cingulate cortex (PCC). The latter two regions are crit-
ical nodes in the default-mode network (DMN). The overlap maps between each TP subregion and 
“canonical” RSNs in the healthy comparison subjects are shown in Figure S7 in Supplement 1. We found 
that 63.1% of voxels in the TPd were in the auditory network, 23.5% of voxels in the TPd overlapped with 
the salience network, 3.1% of voxels in the TPv were in the auditory network, and 8.2% of voxels in the 
TPv overlapped with the DMN. Compared to the healthy comparison subjects, schizophrenia patients 
showed similar rsFC patterns, but with a smaller spatial extent.

Figure 2. The resting-state functional connectivity (rsFC) map of each subregion of the temporal pole 
(TP) for each group. Only the positive rsFC map of each TP subregion is depicted for each group. All of 
the images were thresholded at two-tailed p <  0.05, with false discovery rate correction and cluster size >  30 
voxels. L, left; R, right; TPd, dorsal subregion of the TP; TGv, ventral subregion of the TP.



www.nature.com/scientificreports/

6Scientific RepoRts | 5:11258 | DOi: 10.1038/srep11258

Between-group differences in rsFC in the TP subregions. Among the 4 TP subregions, only 
the right TPd exhibited a significant difference in rsFC between the schizophrenia patients and healthy 
comparison subjects (Table 2, Fig. 3A–F). Compared to the healthy comparison subjects, schizophrenia 
patients had reduced rsFC between the right TPd and the left superior temporal gyrus (STG), left poste-
rior mid-cingulate cortex (pMCC), and right insular cortex (p <  0.05, two-tailed, FDR-corrected, cluster 
size >  30 voxels).

Volumetric reduction of the TP subregions in schizophrenia. Compared to the healthy compari-
son subjects, the schizophrenia patients had significantly reduced GMV (Bonferroni p <  0.05, two-tailed) 
in the left TPd (reduction rate: 7.1%, p <  0.001), right TPd (reduction rate: 8.3%, p <  0.001) and right 
TPv (reduction rate: 3.3%, p =  0.014) subregions (Table S5 in Supplement 1).

rsFC differences in the TP subregions after correction for confounding factors. To investigate 
the volumetric reduction effect on rsFC differences between groups, the rsFC analysis was repeated after 
the mean normalized GMV of the right TPd of each subject was added as a no-interest covariate. All 
three clusters derived from the rsFC analysis without GMV correction remained significant after GMV 
correction (Fig.  3G–L), suggesting that rsFC alterations in the right TPd were relatively independent 
characteristics in schizophrenia and not a result of volumetric reduction. Because there was a significant 
intergroup difference in tSNR in the left TPv, we re-performed the intergroup comparison of the rsFC 
of the left TPv with individual rSNR as an additional no-interest covariate. In contrast to our initial 
findings, we did not find any significant group differences in the rsFC of the left TPv.

Between-group differences in the degree of nodes in the TP subregions. Compared to the 
healthy comparison subjects, the schizophrenia patients displayed nodes with significantly smaller 
degrees only in the right TPd, using all of the tested connectivity thresholds (r =  0: t =  2.204, p =  0.029; 
r =  0.1: t =  2.446, p =  0.016; r =  0.2: t =  2.218; p =  0.028; r =  0.3: t =  2.098, p =  0.038; and r =  0.4: t =  2.006, 
p =  0.047) (Figure S8 in Supplement 1). However, we did not find any significant intergroup differences 
in the degree of nodes in any other TP subregion (p >  0.05, Bonferroni correction).

Validation of group differences in rsFC. Because the TP subregions extracted from the maximal 
probability maps may result in overlap across subregions due to the normalization and smoothing, we 
also adopted another method (spheres with a radius of 6 mm centred at the centre of gravity of each TP 
subregion) to define the seeds of these TP subregions. We repeated our analyses and found that the right 
TPd was the only subregion that demonstrated significant rsFC differences between the schizophrenia 
patients and healthy comparison subjects (Figure S9 in Supplement 1). The locations of these clusters 
largely overlapped with those derived from the method using the maximal probability maps.

Correlations between the rsFC of the TP subregions and clinical parameters. In patients with 
schizophrenia, we did not find any significant correlations between rsFC of the right TPd and any of 
the clinical parameters, including PANSS score, duration of illness, and current antipsychotic dosage in 
chlorpromazine equivalents. However, GMV in the left TPd was negatively correlated with the dura-
tion of illness (Spearman’s rho =  − 0.412, p =  0.001, two-tailed) (Fig. 4). No significant correlations were 
found between the GMV of any of the TP subregions and PANSS score or antipsychotic dosage.

Discussion
In this study, we used a modified fMRI technique to investigate changes in the rsFC of TP subregions 
in schizophrenia. We found that the schizophrenia patients exhibited significant rsFC and node degree 
changes only in the right TPd. Among the TP subregions, the right TPd also had the most prominent 
GMV reduction in these patients. These findings suggest a selective impairment of TP subregions in 

Brain Regionsa

Montreal 
Neurological 
Coordinates  

(x, y, z)
Peak t 
Value

Cluster 
Size 

(Voxels)b

Left superior 
temporal gyrus − 51,6,0 − 4.66 53

Left posterior mid-
cingulate cortex − 6,0,36 − 4.54 43

Right insular cortex 33,3,9 − 4.30 33

Table 2.  Functional connectivity changes in the right dorsal subregion of the temporal pole in 
schizophrenia patients. aSignificant changes were only observed in schizophrenia patients <  healthy 
comparison subjects, with a false discovery rate-corrected, two-tailed p <  0.05 and cluster size >  30 voxels. 
bVoxel size was 3 ×  3 ×  3 mm3.
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schizophrenia. Specifically, the right TPd exhibited reduced rsFC with brain regions involved in lan-
guage processing and multisensory integration, which may account for the relevant functional deficits 
of schizophrenia.

The majority of resting-state fMRI studies have used EPI sequences to acquire functional imaging 
data; however, the TP is one of the brain regions frequently subjected to susceptibility-induced signal 
loss and distortion during EPI scans. In this study, we adopted a SENSE-SPIRAL sequence to acquire 
resting-state fMRI data; this sequence has been confirmed to be superior to the EPI sequence in terms 
of imaging quality27. Spiral sampling of k-space has reduced sensitivity to motion, shortened readout 
time, improved signal intensity, and reduced geometric distortion36. SENSE is a parallel imaging method 
and has been used to shorten scan time and to reduce susceptibility-induced artefacts37. By combin-
ing the two techniques, the SENSE-SPIRAL sequence is especially suitable for imaging brain regions 
that are apt to have susceptibility-induced artefacts27. We found that the fMRI data acquired using the 
SENSE-SPIRAL sequence exhibited less signal loss in the medial TP and less distortion in the TP and 
orbitofrontal regions compared with the fMRI data acquired using the EPI sequence. Consequently, the 
fMRI data acquired using the SENSE-SPIRAL sequence were used for rsFC analyses in the present study.

Consistent with previous findings of GMV reduction in the TP9–12, we further revealed that volu-
metric reduction was more prominent in the dorsal subregion of the TP in schizophrenia. Moreover, 
the GMV of the left dorsal subregion was negatively correlated with the duration of illness, suggesting 

Figure 3. Altered resting-state functional connectivity (rsFC) in the dorsal subregion (TPd) of the right 
temporal pole in the schizophrenia patients. Compared to the healthy comparison subjects (HC), the 
schizophrenia patients (SZ) exhibited decreased rsFC between the right TPd and (A,G) the left superior 
temporal gyrus (STG), (C,I) left posterior mid-cingulate cortex (MCC) and (E,K) right insular cortex (INS). 
(A,C,E) shows the results without grey matter volume (GMV) correction and (G,I,K) depicts the results 
with GMV correction. The rsFC intensity of each cluster is shown in (B,D,F, without GMV correction) and 
(H,J,L, with GMV correction). Error bars represent the SD. L, left; R, right.
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that neurodegenerative mechanisms may be at least partly related to the TP pathology in schizophrenia. 
Although the functional implications of the selective structural damage in the TP remain unclear, it may 
be related to clinical manifestations; this hypothesis has been at least partially supported by previous 
studies that revealed correlations between TP volume and the severity of formal thought disorder14 and 
abnormal theory of mind15 in schizophrenia.

The most important finding of our study is that only the right dorsal TP exhibited significant func-
tional disconnection in schizophrenia. This selective functional disconnection remained significant even 
after GMV correction and was not correlated with the duration of illness or with antipsychotic dosage, 
suggesting that functional disconnection of the right dorsal TP is a characteristic of schizophrenia, which 
may result from the abnormal neurodevelopment in schizophrenia. Abnormal activation has frequently 
been reported in the dorsal TP in schizophrenia patients with auditory hallucination38,39, although this 
is not direct evidence of the selective functional disconnection of the TP. Consistent with previously 
reported rsFC patterns in TP subregions25,26, we found that the dorsal TP was mainly connected to 
auditory, somatosensory, motor, and language-related brain regions. This connectivity pattern supports 
the idea that the dorsal TP may play an important role in language, multisensory integration, and sen-
sorimotor integration. Therefore, reduced rsFC of the right dorsal TP with the insular cortex, STG, and 
pMCC may underlie these functional deficits in schizophrenia.

Patients with schizophrenia often display language impairment, especially at the level of sentences and 
discourse40,41. The right dorsal TP participates in multiple language functions, including idiom compre-
hension, non-metric rhythm, phonological learning, and voice recognition42–44. Functional disconnection 
of the right dorsal TP from additional language-related regions (the insular and STG) may underlie the 
impairment of these higher-order language functions in schizophrenia patients. The middle longitudinal 
fascicle connects the dorsal TP and STG to the angular gyrus; its integrity may be related to language 
processing45. Patients with chronic schizophrenia exhibit significant damage in white matter integrity in 
this tract46; therefore, anatomical disconnection may underlie the functional disconnection of the dorsal 
TP in schizophrenia. The dorsal TP is involved in multisensory integration4,5, and the STG, pMCC, 
and insular cortex are also implicated in multisensory or sensorimotor integration47–49. Therefore, the 
functional disconnection of the right dorsal TP from the STG, pMCC, and insular cortex may reflect 
multisensory or sensorimotor integration deficits in schizophrenia patients50,51.

There are several limitations of our study. First, no correlations were found between the imaging 
data and the clinical data, which makes our interpretation less reasonable. However, PANSS score is 
a type of state index; the reduced GMV and decreased rsFC observed in our study may be a trait of 
schizophrenia. Second, although we did not find any associations between drug dosage and altered func-
tional connectivity in the schizophrenia patients, the majority of these patients have received mediation 
for a long time, and the effect of medication was probably not dose-independent. Thus, first-episode 
antipsychotic-naïve schizophrenia patients with more homogeneous clinical features should be included 
in future studies. Finally, we defined the TP subregions according to previous parcellations of the TP 
based on anatomical connection patterns25. It seems that defining the TP subregions based on rsFC 
patterns may be more reasonable for the rsFC comparisons. However, the only parcellation study of the 

Figure 4. Correlation between grey matter volume (GMV) in the dorsal subregion (TPd) of the left 
temporal pole and the duration of illness in the schizophrenia patients. The p value remained significant 
after Bonferroni correction.
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TP based on rsFC patterns was restricted to the left TP26, from which we cannot extract the right TP 
subregions. Although our definition of the TP subregions may not be the best one, the dorsal and ventral 
subdivisions of the TP are consistent with both of the TP parcellation studies25,26.

In conclusion, we used an improved fMRI technique to detect resting-state functional connectivity 
alterations in TP subregions in schizophrenia. The alterations were characterized by selective functional 
disconnection of the dorsal TP and brain regions involved in multisensory integration and higher-level 
language processing. Future studies that combine functional connectivity with the assessment of pheno-
types more specific to these two functions may help elucidate the functional implications of functional 
disconnection of the dorsal TP in schizophrenia.

References
1. Pettersson-Yeo, W. et al. Dysconnectivity in schizophrenia: where are we now? Neurosci Biobehav Rev 35, 1110–1124, doi:10.1016/j.

neubiorev.2010.11.004 (2011).
2. Semenza, C. Naming with proper names: the left temporal pole theory. Behav Neurol 24, 277–284, doi:10.3233/BEN-2011-0338 

(2011).
3. Vandenberghe, R., Nobre, A. C. & Price, C. J. The response of left temporal cortex to sentences. J Cogn Neurosci 14, 550–560, 

doi:10.1162/08989290260045800 (2002).
4. Visser, M., Jefferies, E., Embleton, K. V. & Lambon Ralph, M. A. Both the middle temporal gyrus and the ventral anterior 

temporal area are crucial for multimodal semantic processing: distortion-corrected fMRI evidence for a double gradient of 
information convergence in the temporal lobes. J Cogn Neurosci 24, 1766–1778, doi:10.1162/jocn_a_00244 (2012).

5. Skipper, L. M., Ross, L. A. & Olson, I. R. Sensory and semantic category subdivisions within the anterior temporal lobes. 
Neuropsychologia 49, 3419–3429, doi:10.1016/j.neuropsychologia.2011.07.033 (2011).

6. Olson, I. R., Plotzker, A. & Ezzyat, Y. The Enigmatic temporal pole: a review of findings on social and emotional processing. 
Brain 130, 1718–1731, doi:10.1093/brain/awm052 (2007).

7. Crespo-Facorro, B. et al. Temporal pole morphology and psychopathology in males with schizophrenia. Psychiatry Res 132, 
107–115, doi:10.1016/j.pscychresns.2004.09.002 (2004).

8. Roiz-Santianez, R. et al. Temporal pole morphology in first-episode schizophrenia patients: clinical correlations. Psychiatry Res 
184, 189–191, doi:10.1016/j.pscychresns.2010.08.002 (2010).

9. Wright, I. C. et al. Mapping of grey matter changes in schizophrenia. Schizophr Res 35, 1–14 (1999).
10. Gur, R. E. et al. Temporolimbic volume reductions in schizophrenia. Arch Gen Psychiatry 57, 769–775 (2000).
11. Kasai, K. et al. Differences and similarities in insular and temporal pole MRI gray matter volume abnormalities in first-episode 

schizophrenia and affective psychosis. Arch Gen Psychiatry 60, 1069–1077, doi:10.1001/archpsyc.60.11.1069 (2003).
12. Witthaus, H. et al. Gray matter abnormalities in subjects at ultra-high risk for schizophrenia and first-episode schizophrenic 

patients compared to healthy controls. Psychiatry Res 173, 163–169, doi:10.1016/j.pscychresns.2008.08.002 (2009).
13. Bhojraj, T. S. et al. Gray matter loss in young relatives at risk for schizophrenia: relation with prodromal psychopathology. 

Neuroimage 54 Suppl 1, S272–279, doi:10.1016/j.neuroimage.2010.04.257 (2011).
14. Horn, H. et al. Gray matter volume differences specific to formal thought disorder in schizophrenia. Psychiatry Res 182, 183–186, 

doi:10.1016/j.pscychresns.2010.01.016 (2010).
15. Herold, R. et al. Regional gray matter reduction and theory of mind deficit in the early phase of schizophrenia: a voxel-based 

morphometric study. Acta Psychiatr Scand 119, 199–208, doi:10.1111/j.1600-0447.2008.01297.x (2009).
16. Li, G. et al. Cortical thickness and surface area in neonates at high risk for schizophrenia. Brain Struct Funct, doi:10.1007/s00429-

014-0917-3 (2014).
17. Benedetti, F. et al. Functional and structural brain correlates of theory of mind and empathy deficits in schizophrenia. Schizophr 

Res 114, 154–160, doi:10.1016/j.schres.2009.06.021 (2009).
18. Lee, S. J. et al. Multi-level comparison of empathy in schizophrenia: an fMRI study of a cartoon task. Psychiatry Res 181, 121–129, 

doi:10.1016/j.pscychresns.2009.08.003 (2010).
19. Park, I. H. et al. Disrupted theory of mind network processing in response to idea of reference evocation in schizophrenia. Acta 

Psychiatr Scand 123, 43–54, doi:10.1111/j.1600-0447.2010.01597.x (2011).
20. Raum, H. et al. A genome-wide supported psychiatric risk variant in NCAN influences brain function and cognitive performance 

in healthy subjects. Hum Brain Mapp 36, 378–390, doi:10.1002/hbm.22635 (2015).
21. van den Heuvel, M. P. et al. Aberrant frontal and temporal complex network structure in schizophrenia: a graph theoretical 

analysis. J Neurosci 30, 15915–15926, doi:10.1523/JNEUROSCI.2874-10.2010 (2010).
22. Ford, J. M. et al. Visual hallucinations are associated with hyperconnectivity between the amygdala and visual cortex in people 

with a diagnosis of schizophrenia. Schizophr Bull 41, 223–232, doi:10.1093/schbul/sbu031 (2015).
23. Guo, Q. et al. Both volumetry and functional connectivity of Heschl’s gyrus are associated with auditory P300 in first episode 

schizophrenia. Schizophr Res 160, 57–66, doi:10.1016/j.schres.2014.10.006 (2014).
24. Pu, W. et al. Altered functional connectivity links in neuroleptic-naive and neuroleptic-treated patients with schizophrenia, and 

their relation to symptoms including volition. Neuroimage Clin 6, 463–474, doi:10.1016/j.nicl.2014.10.004 (2014).
25. Fan, L. et al. Connectivity-Based Parcellation of the Human Temporal Pole Using Diffusion Tensor Imaging. Cereb Cortex, 

doi:10.1093/cercor/bht196 (2013).
26. Pascual, B. et al. Large-Scale Brain Networks of the Human Left Temporal Pole: A Functional Connectivity MRI Study. Cereb 

Cortex, doi:10.1093/cercor/bht260 (2013).
27. Truong, T. K. & Song, A. W. Single-shot dual-z-shimmed sensitivity-encoded spiral-in/out imaging for functional MRI with 

reduced susceptibility artifacts. Magn Reson Med 59, 221–227, doi:10.1002/mrm.21473 (2008).
28. Kay, S. R., Fiszbein, A. & Opler, L. A. The positive and negative syndrome scale (PANSS) for schizophrenia. Schizophr Bull 13, 

261–276 (1987).
29. Ashburner, J. A fast diffeomorphic image registration algorithm. Neuroimage 38, 95–113, doi:10.1016/j.neuroimage.2007.07.007 

(2007).
30. Power, J. D. et al. Spurious but systematic correlations in functional connectivity MRI networks arise from subject motion. 

Neuroimage 59, 2142–2154, doi:10.1016/j.neuroimage.2011.10.018 (2012).
31. Wang, C. et al. Altered functional organization within and between resting-state networks in chronic subcortical infarction. J 

Cereb Blood Flow Metab 34, 597–605, doi:10.1038/jcbfm.2013.238 (2014).
32. Murphy, K. et al. The impact of global signal regression on resting state correlations: are anti-correlated networks introduced? 

Neuroimage 44, 893–905, doi:10.1016/j.neuroimage.2008.09.036 (2009).
33. Weissenbacher, A. et al. Correlations and anticorrelations in resting-state functional connectivity MRI: a quantitative comparison 

of preprocessing strategies. Neuroimage 47, 1408–1416, doi:10.1016/j.neuroimage.2009.05.005 (2009).



www.nature.com/scientificreports/

1 0Scientific RepoRts | 5:11258 | DOi: 10.1038/srep11258

34. Triantafyllou, C. et al. Comparison of physiological noise at 1.5 T, 3 T and 7 T and optimization of fMRI acquisition parameters. 
Neuroimage 26, 243–250, doi:10.1016/j.neuroimage.2005.01.007 (2005).

35. Murphy, K., Bodurka, J. & Bandettini, P. A. How long to scan? The relationship between fMRI temporal signal to noise ratio and 
necessary scan duration. Neuroimage 34, 565–574, doi:10.1016/j.neuroimage.2006.09.032 (2007).

36. Glover, G. H. Spiral imaging in fMRI. Neuroimage 62, 706–712, doi:10.1016/j.neuroimage.2011.10.039 (2012).
37. Pruessmann, K. P., Weiger, M., Scheidegger, M. B. & Boesiger, P. SENSE: sensitivity encoding for fast MRI. Magn Reson Med 42, 

952–962 (1999).
38. Diederen, K. M. et al. Auditory hallucinations elicit similar brain activation in psychotic and nonpsychotic individuals. Schizophr 

Bull 38, 1074–1082, doi:10.1093/schbul/sbr033 (2012).
39. Parellada, E. et al. Fluordeoxyglucose-PET study in first-episode schizophrenic patients during the hallucinatory state, after 

remission and during linguistic-auditory activation. Nucl Med Commun 29, 894–900, doi:10.1097/MNM.0b013e328302cd10 
(2008).

40. Rapp, A. M. & Steinhauser, A. E. Functional MRI of sentence-level language comprehension in schizophrenia: a coordinate-based 
analysis. Schizophr Res 150, 107–113, doi:10.1016/j.schres.2013.07.019 (2013).

41. Covington, M. A. et al. Schizophrenia and the structure of language: the linguist’s view. Schizophr Res 77, 85–98, doi:10.1016/j.
schres.2005.01.016 (2005).

42. Andics, A. et al. Neural mechanisms for voice recognition. Neuroimage 52, 1528–1540, doi:10.1016/j.neuroimage.2010.05.048 
(2010).

43. Horvath, R. A. et al. Lateralisation of non-metric rhythm. Laterality 16, 620–635, doi:10.1080/1357650X.2010.515990 (2011).
44. Lauro, L. J., Tettamanti, M., Cappa, S. F. & Papagno, C. Idiom comprehension: a prefrontal task? Cereb Cortex 18, 162–170, 

doi:10.1093/cercor/bhm042 (2008).
45. Makris, N. et al. Human middle longitudinal fascicle: variations in patterns of anatomical connections. Brain Struct Funct 218, 

951–968, doi:10.1007/s00429-012-0441-2 (2013).
46. Asami, T. et al. Abnormalities of middle longitudinal fascicle and disorganization in patients with schizophrenia. Schizophr Res 

143, 253–259, doi:10.1016/j.schres.2012.11.030 (2013).
47. Foxe, J. J. et al. Auditory-somatosensory multisensory processing in auditory association cortex: an fMRI study. J Neurophysiol 

88, 540–543 (2002).
48. Nagai, M., Kishi, K. & Kato, S. Insular cortex and neuropsychiatric disorders: a review of recent literature. Eur Psychiatry 22, 

387–394, doi:10.1016/j.eurpsy.2007.02.006 (2007).
49. Niddam, D. M., Chen, L. F., Wu, Y. T. & Hsieh, J. C. Spatiotemporal brain dynamics in response to muscle stimulation. Neuroimage 

25, 942–951, doi:10.1016/j.neuroimage.2004.12.004 (2005).
50. Williams, L. E., Light, G. A., Braff, D. L. & Ramachandran, V. S. Reduced multisensory integration in patients with schizophrenia 

on a target detection task. Neuropsychologia 48, 3128–3136, doi:10.1016/j.neuropsychologia.2010.06.028 (2010).
51. Ross, L. A. et al. Impaired multisensory processing in schizophrenia: deficits in the visual enhancement of speech comprehension 

under noisy environmental conditions. Schizophr Res 97, 173–183, doi:10.1016/j.schres.2007.08.008 (2007).

Acknowledgments
The authors thank Drs. Zhenyu Zhou and Ziheng Zhang of the GE Healthcare MR Research China 
for their support and assistance. This study was supported by grants from the National Basic Research 
Program of China (973 program, 2011CB707801), the Natural Science Foundation of China (Nos. 
81425013, 91332113 and 81271551), and the Tianjin Key Technology R&D Program (14ZCZDSY00018).

Author Contributions
C.S.Y., W.Q. and C.J.Z. designed the experiment. L.X.X. and W.Q. wrote and revised the main manuscript 
text. C.J.Z, J.J.Z and H.G.L. prepared the fMRI data. X.Y.L. and Y.J.X. prepared figs  1–4. All authors 
reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Xu, L. et al. Selective Functional Disconnection of the Dorsal Subregion of 
the Temporal Pole in Schizophrenia. Sci. Rep. 5, 11258; doi: 10.1038/srep11258 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The 
images or other third party material in this article are included in the article’s Creative Com-

mons license, unless indicated otherwise in the credit line; if the material is not included under the 
Creative Commons license, users will need to obtain permission from the license holder to reproduce 
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Selective Functional Disconnection of the Dorsal Subregion of the Temporal Pole in Schizophrenia
	Methods and Materials
	Participants. 
	Image data acquisition. 
	GMV calculation. 
	fMRI data preprocessing. 
	Definition of TP subregions. 
	Image quality assessments. 
	Independent component analysis (ICA). 
	rsFC analysis. 
	Node degree analysis. 
	Validation analysis. 
	Correlations between imaging and clinical parameters. 

	Results
	Image quality assessments of the TP subregions. 
	Demographic and clinical characteristics of subjects. 
	The rsFC map of each group. 
	Between-group differences in rsFC in the TP subregions. 
	Volumetric reduction of the TP subregions in schizophrenia. 
	rsFC differences in the TP subregions after correction for confounding factors. 
	Between-group differences in the degree of nodes in the TP subregions. 
	Validation of group differences in rsFC. 
	Correlations between the rsFC of the TP subregions and clinical parameters. 

	Discussion
	Acknowledgments
	Author Contributions
	Figure 1.  The maximal probability maps of subregions of the temporal pole (TP).
	Figure 2.  The resting-state functional connectivity (rsFC) map of each subregion of the temporal pole (TP) for each group.
	Figure 3.  Altered resting-state functional connectivity (rsFC) in the dorsal subregion (TPd) of the right temporal pole in the schizophrenia patients.
	Figure 4.  Correlation between grey matter volume (GMV) in the dorsal subregion (TPd) of the left temporal pole and the duration of illness in the schizophrenia patients.
	Table 1.   Demographic and clinical characteristics of schizophrenia patients and healthy comparison subjects.
	Table 2.   Functional connectivity changes in the right dorsal subregion of the temporal pole in schizophrenia patients.



 
    
       
          application/pdf
          
             
                Selective Functional Disconnection of the Dorsal Subregion of the Temporal Pole in Schizophrenia
            
         
          
             
                srep ,  (2015). doi:10.1038/srep11258
            
         
          
             
                Lixue Xu
                Wen Qin
                Chuanjun Zhuo
                Jiajia Zhu
                Huaigui Liu
                Xingyun Liu
                Yongjie Xu
                Chunshui Yu
            
         
          doi:10.1038/srep11258
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep11258
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep11258
            
         
      
       
          
          
          
             
                doi:10.1038/srep11258
            
         
          
             
                srep ,  (2015). doi:10.1038/srep11258
            
         
          
          
      
       
       
          True
      
   




