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Objective: The aim of this study was to use functional magnetic resonance imaging 

(fMRI) technique to explore the resting-state functional connectivity (rsFC) differences 

of the bilaterial cerebellum posterior lobe (CPL) after normal sleep (NS) and after sleep 

deprivation (SD).

Methods: A total of 16 healthy subjects (eight males, eight females) underwent an fMRI scan 

twice at random: once following NS and the other following 24 hours’ SD, with an interval 

of 1 month between the two scans. The fMRI scanning included resting state and acupuncture 

stimulation. The special activated regions located during the acupuncture stimulation were 

selected as regions of interest for rsFC analysis.

Results: Bilateral CPLs were positively activated by acupuncture stimulation. In the NS 

group, the left CPL showed rsFC with the bilateral CPL, bilateral frontal lobe (BFL), left 

precuneus and right inferior parietal lobule, while the right CPL showed rsFC with the 

bilateral temporal lobe, right cerebellum anterior lobe, right CPL, left frontal lobe, left 

anterior cingulate, right posterior cingulate, and bilateral inferior parietal lobule. In the SD 

group, the left CPL showed rsFC with the left posterior cingulate gyrus bilateral CPL, left 

precuneus, left precentral gyrus, BFL, and the left parietal lobe, while the right CPL showed 

rsFC with bilateral cerebellum anterior lobe, bilateral CPL, left frontal lobe and left temporal 

lobe. Compared with the NS group, the left CPL had increased rsFC in the SD group with 

the right inferior frontal gyrus, right fusiform gyrus, right cingulate gyrus, right thalamus, 

and bilateral precuneus, and decreased rsFC with the BFL, while the right CPL had increased 

rsFC with the left superior frontal gyrus and decreased rsFC with the left precentral gyrus, 

right superior temporal gyrus, and the BFL.

Conclusion: Bilateral CPL are possibly involved in acupuncture stimulation in different man-

ners, and the right CPL showed more rsFC impairment.

Keywords: fMRI, functional connectivity, acupuncture, resting-state functional magnetic 

resonance imaging

Introduction
We each nearly spend a third time of our life asleep; sleep is a necessary physical need 

in human life. Sleep deprivation (SD), widespread in today’s society and associated 

with a number of clinical conditions, has a detrimental effect on attention, working 

memory, executive functioning, and emotion.1–4 Short-term SD increases the morbid-

ity of daytime sleepiness and has been shown to have a negative impact on metabolic 
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parameters such as glucose tolerance and insulin sensitivity, 

and places individuals at a greater risk of serious disease, 

such as diabetes. Long-term SD is harmful to health and 

can lead to multisystem and multiorgan dysfunction, caus-

ing maladaptive emotional regulation, exaggerated neural 

reactivity, aversive experiences, and negative metabolic, 

psychological, physiological, or even behavioral reactivity.5–8 

However, their mechanisms remain unclear.

In recent years, there has been a serious revolution in 

understanding of cerebellar function. The cerebellum was 

considered to be involved exclusively in motor coordina-

tion, but new findings suggest that the cerebellum plays 

a role in multiple functional domains.9–14 The notion that 

the cerebellum is involved in emotional processing has 

recently gained popularity, and there is a large body of 

empirical research in patients with cerebellar damage 

that has demonstrated the region is related to emotional 

regulation.14,15 Furthermore, anatomical associations also 

suggest a possible mechanism through which the cerebel-

lum can affect mood processing. These findings help to 

broaden our view of cerebellar function. This is a crucial 

implication in light of mounting evidence for cerebellar 

involvement in various neurologic and psychiatric condi-

tions, including primary insomnia,16 autism,17 depression,18 

mood disorders,19 and obstructive sleep apnea.20 However, 

the role of the cerebellum has not yet been paid enough 

attention.

Sleep disorders can be treated by drug intervention, 

but while medications have certain curative effects, they 

may also have negative effects such as drug addiction. 

SD, as a stressor, can break the functional network and 

ultimately lead to decline in overall immunity and endo-

crine disorders. However, acupuncture can correct the 

imbalance and effectively improve sleep. Acupuncture is 

a noninvasive, safe, and effective method for the manage-

ment of insomnia in adolescents, with good compliance 

and no adverse effects.21 A previous functional magnetic 

resonance imaging (fMRI) study found that acupuncture 

could play a role in ameliorating brain dysfunction and 

could noninvasively alter the distribution of resting-state 

networks of SD subjects.22

Different brain regions are recognized for their remark-

able functional specificity, and our daily life depends on the 

ability to rapidly coordinate and integrate the distinct opera-

tions of these specific regions. Once one region is dysfunc-

tional, corresponding symptoms will appear. Specific types 

of information processing, such as acupuncture processing, 

may be reflected in activation in a single brain region or 

synchronously across multiple brain regions. Needling a 

specific acupoint can specifically activate functional activi-

ties of specific parts of the cerebral cortex.23,24 Some studies 

found that cerebellum posterior lobe (CPL) involvement in 

acupuncture information processing was the common neural 

pathway of different acupoints.25,26

It is proposed that resting-state functional magnetic 

resonance imaging (rfMRI), one of the current areas of 

interest in neuroimaging and one that is suitable for central 

mechanism research, can detect the spontaneous neuronal 

activity of the human brain and provide new insights into the 

pathophysiology of disease because of its advantages in not 

requiring exposure to radioactive tracers, accurate position-

ing, or combination with functional and structural imaging.27 

The exploration and use of rfMRI data have grown hugely 

in recent years.28

Resting-state functional connectivity (rsFC), one of 

the important developments in rfMRI, involves calcula-

tion of the correlation between a signal time course from 

one brain region and the time courses from the rest of the 

brain regions. In recent years, increasing attention has been 

devoted to exploring interregional connectivity during a 

specific stimulation, defined as “functional connectivity”.29 

The rsFC indicates temporal correlations between neural or 

hemodynamic signals arising from distinct brain regions, 

and it measures the signal synchrony of the amplitude 

of low-frequency fluctuation activity among different 

brain areas.

rsFC analysis reflects the complexity of the neural net-

work, with reduced and increased rsFC potentially involv-

ing different compensatory ways of multiple pathways. 

The partial connectivity approach may be analogous to the 

canonical subtraction method for assessing the specificity of 

stimulation-evoked activation. In addition, pattern analysis 

uses resting connectivity to predict the response of brain 

regions during stimulations. These techniques suggest new 

ways to link stimulation and resting paradigms. The ability to 

characterize fine-grained net works using partial connectivity 

and to link this connectivity to stimulation activation may 

move us closer to understanding the relationship between 

the cerebellum and SD.

In the study reported here, we hypothesized that the 

cerebellum would be specifically activated by acupuncture 

stimulation and show a specific connectivity pattern. For 

a more comprehensive understanding of the interaction 

between the cerebellum and SD, we examined whether 

the cerebellum was specifically activated by acupunc-

ture stimulation and the statistical differences in rsFC 

of the left and right cerebellum between SD and normal 

sleep (NS).

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2015:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1281

Connectivity pattern differences bilaterally in the CPL

Methods
subjects
Sixteen healthy subjects (eight males, eight females), ranging 

in age from 21 to 25 years old (mean age =22.1±0.8 years), 

who were university students responded to a web-based ques-

tionnaire were recruited for this study. The sleeping habits 

and sleep quality of all participants were monitored through-

out 1 week by a Fitbit Flex tracker (http://help.fitbit.com/) 

worn by each participant, and only those whose data indicated 

habitual good sleep were recruited for this study.16 All sub-

jects met the following criteria as in previous studies:5,22,25 

(1) no symptoms associated with sleep disorders and no history 

of any psychiatric or neurologic disorders; (2) right-handed;  

(3) a good sleeping habit – that is, .6.5 hours of sleep per 

night, falling asleep no later than 1 am, and waking-up no later 

than 9 am; (4) had a good sleep onset and/or maintenance, 

and no history of swing shift, shift work, or sleep complaints;  

(5) regular dietary habits, and did not consume any stimu-

lants, alcohol, tea, cigarettes, medications, or caffeine for at 

least 3 months prior to the study; (6) no foreign implants in 

the body, and no inborn or other acquired diseases; (7) mod-

erate body shape and weight; (8) a Pittsburgh Sleep Quality 

Index score ,5, and Hamilton Depression Rating Scale and 

Hamilton Anxiety Rating Scale scores ,7.

Design
Each of the subjects, in random sequence, underwent the ses-

sion twice: once was after NS, and the other was after total of 

24 hours’ SD. SD was conducted in a specialized room and 

started from 7 pm and ended at 7 pm in the following day. 

During the SD session, subjects were allowed to engage in 

leisure activities such as watching TV, surfing the Internet, 

playing cards, and reading. Vigorous physical activity prior 

to the scans was not permitted.

Each subject underwent brain fMRI scanning during 

resting state and during acupuncture stimulation. Acupunc-

ture was performed with a block design; that is, a “rest–

manipulating needle–rest–manipulating needle” program. 

To avoid the effect of the acupuncture on the brain activity, 

the interval between the two scans was 1 month.

All volunteers were informed of the purposes, methods, 

and potential risks of the study. Before the fMRI session, 

they were asked to go to the toilet (emptying feces and urine) 

and rest quietly for 30 minutes. The subjects were advised 

they should keep their head still to avoid audio stimulus and 

their eyes open during the fMRI scans. De-qi assessment 

was undertaken in all subjects after the scans (see “Assess-

ment of de-qi” subsection). The study was approved by 

the Human Research Ethics Committee of our department. 

All subjects participated voluntarily and gave their written 

informed consent.

acupuncture treatment
Acupuncture was performed by the same acupuncturist on 

all participants. Manual acupuncture stimulation was per-

formed at the acupoint SP6 on the right shank (Sanyinjiao, 

located in the medial lower shank, 9–10 cm proximal to the 

upper border of the medial malleolus [ankle bone] between 

the posterior border and facies medialis of the tibia). The 

fine silver needles used in the acupuncture protocol were 

sterile and disposable, and would not distort the magnetic 

resonance (MR) images.

To assess the specific effects triggered by acupuncture 

stimulation, the mentioned fine silver needle, measuring  

0.3 mm in diameter and 40.0 mm in length, was quickly 

inserted obliquely into the shank at the right of the SP6 acu-

point at a depth of approximately 15±2 mm. After cleaning 

the skin with alcohol and marking the acupoint, the needle 

was then rotated slowly at a frequency of 60 times per minute 

and rotation range of ±180° when the acupuncturist felt de-qi. 

The details are presented in a previous study.25

assessment of de-qi
De-qi of acupuncture plays a key role in treatment. “De-qi”,  

a subjective feeling of perceived stimulation felt by subjects, is 

used as evidence to judge the selection of the exact acupoint, 

curative effect, and prognosis. The intension of de-qi was 

assessed by subjects’ subjective description rather than objec-

tive medical instruments. Subjects were asked to rate each 

component of the de-qi feeling during the stimulation at the 

end of the session using a visual analog scale, which included 

soreness, numbness, fullness, heaviness, and dull pain.

In the study, the feeling project was divided into six 

grades: insentience (a score of 0–1), mild feeling (2–3), mod-

erate feeling (4–5), generally strong feeling (6–7), extremely 

strong feeling (8–9), and hard to bear (10). Subjects who 

scored items #1 and/or $8 would be excluded.

Magnetic resonance imaging parameters
Magnetic resonance imaging (MRI) scanning was per-

formed on a 3-Tesla MR scanner (Trio, Siemens, Erlangen, 

Germany). The scan consisted of located images, T1 sagittal 

images, and functional images. The parameters of functional 

imaging between resting state and stimulation state were the 

same. High-resolution T1-weighted images were acquired 

with a three-dimensional spoiled gradient-recalled sequence in 

a sagittal orientation: 176 images (repetition time =1,900 ms, 

cho time =2.26 ms, thickness =1.0 mm, gap =0 mm, 
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matrix =256×256, field of view =240×240 mm, flip 

angle =15°) were obtained. Functional images (repetition time 

=3,000 ms, echo time =30 ms, thickness =5 mm, gap =1 mm, 

matrix =64×64, flip angle =90°, field of view =240×240 mm, 

36 axial slices with gradient-recalled echo-planar imaging 

pulse sequence) covering the whole brain were obtained.

Data analysis
Data preprocessing
Functional data were checked by MRIcro software (www.

MRIcro.com) to exclude defective data. The first ten time 

points of the functional images were discarded due to the 

possible instability of the initial MRI signal and the partici-

pants’ adaptation to the scanning environment. On the basis 

of MATLAB2010a (Mathworks, Natick, MA, USA), the rest 

of the data preprocessing was performed by Data Process-

ing Assistant for Resting-State fMRI software (v 2.3; http://

rfmri.org/DPARSF), including Digital Imaging and Com-

munications in Medicine standards for form transformation, 

slice timing, head-motion correction, spatial normalization, 

smooth with a Gaussian kernel of 6×6×6 mm3 full-width at 

half-maximum. Motion time courses were obtained by esti-

mating the values for translation (mm) and rotation (degrees) 

for each subject. The participants who had more than 1.5 

mm maximum displacement in x, y, or z and 1.5° of angular 

motion in all rfMRI scans would be rejected. The Friston 

six head-motion parameters were used to regress out head-

motion effects based on recent work showing that higher-

order models were more effective in removing head-motion 

effects.30,31 Linear regression was also applied to remove 

other sources of spurious covariates along with their temporal 

derivatives, including the signal from ventricular regions of 

interest (ROIs) and the signal from a region centered in the 

white matter.32 Of note, the global signal was not regressed 

out in the present data, as described by previous studies,18,30,31 

for the reason that it is still controversial to remove the global 

signal in the preprocessing of resting-state data.16,29,32,33 After 

head-motion correction, the fMRI images were spatially nor-

malized to the Montreal Neurological Institute space using 

the standard echo-planar imaging template and resampling 

the images at a resolution of 3×3×3 mm.

acupuncture stimulation data
To investigate the acupuncture effect, the preprocessing data 

were analyzed by Statistical Parametric Mapping (SPM; v 

5) software, and a general linear model was used to analyze 

the block-designed data. The whole activated figure of each 

subject was acquired. One-sample t-test results were presented 

by Xjview and Resting-State fMRI Data Analysis Toolkit 

(REST, v 1.8). The statistical map for active brain regions was 

set at a cluster extent of $13 and a voxel level of P,0.001, 

which was corrected for multiple comparison by AlphaSim.

rsFc
After preprocessing, temporal filtering settings were applied 

using a band-pass filter (0.01–0.08 Hz) to reduce low-

frequency drift and physiological high frequency respiratory 

and cardiac noise. The influence of covariant (including head-

motion parameters, global mean signal, white matter signal, 

and cerebrospinal fluid signal) should be eliminated. The 

average time series from the ROIs were extracted from the 

residual image. To make the data fit the normal distribution, 

we calculated the Pearson’s correlation coefficient between 

the ROIs and other voxels of the whole brain. The coefficient 

was subjected to Fisher’s Z transformation, with the Z-value 

representing the function connection coefficient. The differ-

ent brain regions from the stimulation were selected as ROIs 

for rsFC analysis. To reduce the global effects of variability 

across the participants, the rsFC of each voxel was divided 

by the global mean value for each participant. The details 

are presented in a previous study.27

Behavioral analysis
To examine changes in behavior performance over the course 

of the SD sessions, the mean reaction time (RT) and false 

rates (button pressed following a cue) about the accuracy of 

performance were computed.34

statistics
The behavioral deficits were evaluated using two-pair t-tests 

using IBM SPSS (v 21.0) software, and the statistical thresh-

old was set at P,0.05.

The one-sample t-tests and two-pair t-tests results were 

determined with SPM (v 8; http://www.fil.ion.ucl.ac.uk/

spm), with age and years of education as nuisance covariates 

of no interest. A significance level of P,0.001 for individual 

voxels and a continuous voxel size $13 were used to deter-

mine statistical significance, which was corrected for multiple 

comparison by AlphaSim with a cluster threshold of P,0.05. 

The results were presented by xjView and REST.

Results
De-qi and head-motion
No significant structure abnormalities were found in any 

subject using plain MR scanning. One subject who had more 

than 1.5 mm maximum displacement in x, y, or z and 1° of 
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angular motion, and one subject whose score was greater 

than eight in the assessment of de-qi, were excluded from 

this study.

Performance findings
There was no significant difference in accuracy between 

the SD and NS groups. The SD group had significantly 

longer RT than the NS group (NS =2,010.40±227.17 [ms], 

SD =2,275.10±176.66 [ms], t=-3.858, degrees of freedom 

[df]=15, P,0.002).

acupuncture stimulation and rOi 
definition
Since there are no accepted coordinates in the cerebellum, we 

predefined these from a statistical map by selecting different 

areas. Fortunately, a previous study found that both left and 

right CPL areas were positively activated by acupuncture 

stimulation both in a NS group and in a SD group.35 Thus, 

both sides of CPLs were selected as ROIs for future rsFC 

in this study.

rsFc results
altered rsFc regions in the Ns group
In the NS group, the left CPL showed positive rsFC with 

both sides of the CPL, both sides of the superior frontal 

gyrus, and both sides of the middle frontal gyrus, and showed 

negative rsFC with the left precuneus (PrC) and right inferior 

parietal lobule (IPL; Table 1, Figure 1). Further, the right 

CPL showed positive rsFC with the left cluster of the middle 

temporal gyrus and inferior temporal gyrus, right cerebellum 

Table 1 altered resting-state functional connectivity areas of the left cerebellum posterior lobe after normal sleep

Brain R/L Voxels MNI

X Y Z

Positive correlation
cerebellum posterior lobe l 315 -48 -66 -33
cerebellum posterior lobe r 130 42 -54 -42
cerebellum posterior lobe r 49 30 -81 -30
cerebellum posterior lobe l 34 -30 -87 -27
superior frontal gyrus r 13 33 57 0
superior frontal gyrus, middle frontal gyrus l 27 -24 60 6
superior frontal gyrus, middle frontal gyrus r 22 27 57 33
superior frontal gyrus l 18 -27 48 30

Negative correlation
Precuneus l 41 -18 -75 36
inferior parietal lobule r 25 36 -48 54

Note: A significance level of P,0.001 for individual voxels and a continuous voxel size $13 were used to determine statistical significance, corrected for AlphaSim.
Abbreviations: r, right; l, left; MNi, Montreal Neurological institute.

–37 mm –34 mm –28 mm +9 mm +24 mm

+24 mm+6 mm–6 mm–30 mm–36 mm–48 mm

A

B +27 mm

+30 mm +33 mm

Figure 1 Altered resting-state functional connectivity (rsFC) areas of the cerebellum posterior lobe (CPL) in the normal sleep group.
Notes: The rsFC areas of the left CPL were seen in the left precuneus, right inferior parietal lobule, bilaterally in the CPL, bilaterally in the superior frontal gyrus, and 
bilaterally in the middle frontal gyrus (A), while the rsFC areas of the right CPL were seen in the left middle frontal gyrus, left anterior cingulate, left angular gyrus, right 
posterior cingulate, right inferior parietal lobule, right cerebellum anterior lobe, right CPL, bilaterally in the superior frontal gyrus, bilaterally in the middle temporal gyrus, 
bilaterally in the inferior temporal gyrus, and supramarginal gyrus (B).
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anterior lobe and right CPL, and negative rsFC with the left 

middle frontal gyrus, left anterior cingulate, right inferior 

temporal gyrus, right posterior cingulate, and both sides of 

the IPL, both sides of the superior temporal gyrus, and both 

sides of the middle temporal gyrus (Table 2, Figure 1).

altered rsFc regions in the sD group
In the SD group, left CPL showed positive rsFC with the 

left posterior cingulate gyrus and both sides of the CPL, 

and showed negative rsFC with the left PrC, left precentral 

gyrus, left inferior frontal gyrus, left superior parietal lob-

ule, left postcentral gyrus, left IPL, and right middle frontal 

gyrus (Table 3, Figure 2). Moreover, the right CPL showed 

positive rsFC with both sides of the cerebellum anterior 

lobe and both sides of the CPL, and showed negative rsFC 

with the left cluster of the middle frontal gyrus, paracentral 

lobule, and superior temporal gyrus, and left cluster of the 

superior temporal gyrus and middle temporal gyrus (Table 4, 

Figure 2).

rsFc differences between the sD group 
and Ns group
Compared with the NS group, in the SD group, the left CPL 

had increased rsFC with the right inferior frontal gyrus, right 

fusiform gyrus, right cingulate gyrus, right thalamus, and 

both sides of the PrC, and had decreased rsFC with the left 

middle frontal gyrus, left inferior frontal gyrus, and both sides 

of the superior frontal gyrus (Table 5, Figure 3).

Table 2 altered resting-state functional connectivity areas of the right cerebellum posterior lobe after normal sleep

Brain R/L Voxels MNI

X Y Z

Positive correlation
cerebellum posterior lobe r 759 15 -75 -45
cerebellum anterior lobe, cerebellum posterior lobe r 41 30 -48 -33
cerebellum anterior lobe r 17 9 -39 -30
Middle temporal gyrus, inferior temporal gyrus l 21 -51 -66 -6

Negative correlation
superior temporal gyrus l 15 -45 12 -36
Middle temporal gyrus, inferior temporal gyrus r 18 60 3 -27
Middle frontal gyrus l 15 -6 54 6
Posterior cingulate r 37 6 -57 18
superior temporal gyrus, middle temporal gyrus, angular gyrus l 54 -57 -60 18
inferior parietal lobule, superior temporal gyrus, middle temporal gyrus, supramarginal gyrus r 100 42 -48 27
superior temporal gyrus, middle temporal gyrus, supramarginal gyrus l 37 -39 -57 27
anterior cingulate l 18 -3 6 9

Note: A significance level of P,0.001 for individual voxels and a continuous voxel size $13 were used to determine statistical significance, corrected for AlphaSim.
Abbreviations: r, right; l, left; MNi, Montreal Neurological institute.

Table 3 altered resting-state functional connectivity areas of the left cerebellum posterior lobe after sleep deprivation

Brain R/L Voxels MNI

X Y Z

Positive correlation
cerebellum posterior lobe l 242 -57 -63 -36
cerebellum posterior lobe r 70 45 -69 -30
cerebellum posterior lobe l 22 -3 -69 -21
Posterior cingulate gyrus l 18 0 -42 27

Negative correlation
angular gyrus, precuneus l 20 -33 -75 30
Precentral gyrus, inferior frontal gyrus l 24 -51 0 24
Postcentral gyrus, inferior parietal lobule l 52 -51 -33 39
superior parietal lobule, inferior parietal lobule l 65 -27 -45 48
Middle frontal gyrus r 16 27 3 51

Note: A significance level of P,0.001 for individual voxels and a continuous voxel size $13 were used to determine statistical significance, corrected for AlphaSim.
Abbreviations: r, right; l, left; MNi, Montreal Neurological institute.
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Compared with NS group, in the SD group, the right CPL 

had increased rsFC with the left superior frontal gyrus, and 

had decreased rsFC with the left precentral gyrus, left inferior 

frontal gyrus, right superior temporal gyrus, both sides of the 

superior frontal gyrus, and both sides of the middle frontal 

gyrus (Table 6, Figure 3).

Discussion
Anatomically, the “default-mode network” (DMN) spanned 

both sides of the IPL, posterior cingulate cortex, PrC, medial 

prefrontal cortex, retrosplenial cortex, and parts of the hip-

pocampal formation and medial temporal lobe.36,37 The DMN 

was more active at rest than during stimulation and showed 

decreased activity during stimulation.36,38 Recent research 

has suggested that the DMN might be associated with the 

collection and evaluation of information,39 self-referential 

mental activity,40 extraction of episodic memory,41 emotion 

and anxiety,42,43 and mind wandering or daydreaming.44  

To date, the focus of most research has been on delineating the 

regional effects of SD on DMN.45 In contrast, far less is known 

about the effect of SD on intrinsic low-frequency connectivity 

within the cerebellum and its anticorrelated network.

A previous study32 found that the rsFC network of the 

DMN contains a positive correlation network, consisting of 

task-related activations, and a negative correlation network, 

consisting of stimulation-related deactivations. The DMN 

was called the stimulation-negative network, and the other 

network was called the stimulation-positive network.32 The 

stimulation-positive network consists of regions routinely 

activated during goal-directed stimulation, including the 

dorsal-lateral and ventral prefrontal cortex, insula, and 

supplementary motor area.

In this study, left CPL showed the positive correlation 

regions with the task-positive network in NS group, and 

showed negative correlations with the regions of the DMN. 

This finding suggests that healthy volunteers have multiple 

–37 mm +27 mm

–28 mm

–24 mm

–25 mm +6 mm +66 mm–52 mm–55 mm

A

B +69 mm

+30 mm +45 mm +48 mm +51 mm

Figure 2 Altered resting-state functional connectivity (rsFC) areas of the cerebellum posterior lobe (CPL) in the sleep deprivation group.
Notes: The rsFC areas of the left CPL were seen in the left precentral gyrus, left angular gyrus, left inferior frontal gyrus, left superior parietal lobule, left inferior parietal 
lobule, left postcentral gyrus, left precuneus, left posterior cingulate gyrus, right middle frontal gyrus, and bilaterally in the CPL (A), while the rsFC areas of the right CPL were 
seen in the left superior frontal gyrus, left middle frontal gyrus, left paracentral lobule, left superior temporal gyrus, left middle temporal gyrus, bilaterally in the cerebellum 
anterior lobe, and bilaterally in the CPL (B).

Table 4 altered resting-state functional connectivity areas of the right cerebellum posterior lobe after sleep deprivation

Brain R/L Voxels MNI

X Y Z

Positive correlation
cerebellum anterior lobe l 23 -15 -51 -27
cerebellum posterior lobe l 38 -24 -39 -48
cerebellum anterior lobe, cerebellum posterior lobe r 1,027 21 -69 -54
cerebellum anterior lobe, cerebellum posterior lobe r 107 6 -66 -18

Negative correlation
Medial frontal gyrus, paracentral lobule, superior temporal gyrus l 28 0 -21 72
superior temporal gyrus, middle temporal gyrus l 13 -57 -12 -3

Note: A significance level of P,0.001 for individual voxels and a continuous voxel size $13 were used to determine statistical significance, corrected for AlphaSim.
Abbreviations: r, right; l, left; MNi, Montreal Neurological institute.
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brain networks, and that these networks mutually confront 

each other and maintain a dynamic equilibrium. Furthermore, 

both the NS group and the SD group showed extensive rsFC 

between the left CPL and the regions of the DMN. However, 

no significant differences were found between the NS group 

and the SD group. The right CPL showed rsFC with the DMN 

in the NS group but not in the SD group, while the right 

CPL showed reduced rsFC with the regions of the DMN in 

the SD group compared with in the NS group. A previous 

study found that SD reduced the rsFC between DMN and 

the anti-correlation network during the rest and stimulation 

performance,45 which is associated with our finding that SD 

reduced the rsFC between DMN and the right CPL.

Significant differences in rsFC between the left CPL and 

right CPL were seen in the temporal lobe: the left CPL did not 

show any rsFC with the temporal lobe while the right CPL 

showed obvious rsFC with the temporal lobe, and the rsFC 

areas were more obvious in the NS group than in the SD group. 

We hypothesize that the right CPL is involved in accomplishing 

the sensation of acupuncture stimulation and SD reduces the 

rsFC regions between the right CPL and the temporal lobe.

The cerebellum anterior lobe receives the nociceptive 

afferent fibers of the spinal cord. Once the cerebellum anterior 

lobe is damaged, while there is inconspicuous cognitive and 

behavioral impairment.46 The CPL receives part of the fiber 

from the lateral and anterior spinothalamic tract at the same 

time, and reacts to noxious and non-noxious stimulation. In 

this study, we found that the right CPL showed rsFC with 

the cerebellum anterior lobe both in the NS group and in SD 

group, while the left CPL showed a lack of synchronism with 

Table 5 altered resting-state functional connectivity regions of the left cerebellum posterior lobe after sleep deprivation versus 
normal sleep

Brain R/L Voxels MNI

X Y Z

increased areas
inferior frontal gyrus r 32 54 33 12
Fusiform gyrus r 10 48 -42 -18
Precuneus l 11 -18 -75 36
cingulate gyrus, precuneus r 14 15 -39 36
Thalamus r 11 18 -33 9

reduced areas
superior frontal gyrus r 26 18 48 33
superior frontal gyrus, middle frontal gyrus, inferior frontal gyrus l 24 -30 51 3
Middle frontal gyrus l 13 -33 33 45

Note: A significance level of P,0.001 for individual voxels and a continuous voxel size $10 were used to determine statistical significance, corrected for AlphaSim.
Abbreviations: r, right; l, left; MNi, Montreal Neurological institute.

–46 mm –19 mm +6 mm +9 mm +12 mm +36 mm

+24 mm +54 mm+21 mm–15 mm–18 mm

A

B +27 mm

Figure 3 Altered resting-state functional connectivity (rsFC) areas of the cerebellum posterior lobe (CPL) in the sleep deprivation group compared with in the normal sleep 
group.
Notes: The rsFC areas of the left CPL were seen in the left middle frontal gyrus, right fusiform temporal gyrus, right cingulate gyrus, right thalamus, bilaterally in the superior 
frontal gyrus, bilaterally in the inferior frontal gyrus, bilaterally in the precuneus (A), while the rsFC areas of the right CPL were seen in the left precentral gyrus, left inferior 
frontal gyrus, right superior temporal gyrus, bilaterally in the superior frontal gyrus, and middle frontal gyrus (B).
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the cerebellum anterior lobe. Further, both sides of the CPL 

did not show any reduced rsFC with the cerebellum between 

the SD group and NS group. These findings suggest that 

the right CPL is more sensitive to receiving the nociceptive 

afferent fibers of the spinal cord than the left CPL, and the 

SD did not cause the abnormal rsFC between the CPL and 

cerebellum.

A previous study found that the regional homogeneity 

value of the parietal lobe was higher in an SD group than 

in an NS group.5 In support of this finding, in our study, 

we found that the left CPL had rsFC with the parietal lobe 

both in the NS group and in the SD group, there were more 

rsFC areas in the SD group than in the NS group, and the 

right CPL had rsFC with the parietal lobe only in the NS 

group. However, both left CPL and right CPL did not show 

any significant differences in rsFC with the parietal lobe 

between the SD group and NS group. These findings sug-

gest that SD only reduced the rsFC areas in the parietal lobe 

and did not cause the abnormal rsFC between the CPL and 

the parietal lobe.

The CPL is widely used to adjust nerve function; com-

plete functions such as cognition, language, and emotion; and 

initiate, plan, and coordinate movement.47,48 The frontal lobe 

is closely involved in sleep and cognitive function, such as 

working memory, attention, planning, behavior control, and 

information integration.49,50 The frontal lobe, an important 

part of the emotional central pathway, also plays an important 

role in mood regulation.51 Once the frontal lobe is impaired, 

emotional and social behavior are impaired.52 Anatomical 

studies have proved the existence of a connection between the 

frontal lobe and the cerebellum.53 In support of this finding, 

in our study, we found that both the left CPL and right CPL 

showed rsFC with the frontal lobe, and there were more rsFC 

areas in the frontal lobe in the NS group than in SD group. 

Our finding suggests that SD reduced the number of rsFC 

areas between both sides of the CPL and the frontal lobe. The 

cerebellum, to form a feed-forward loop through the thalamus 

and to form a feedback loop through the pons, interconnects a 

network with extensive cortical and subcortical areas.16 These 

anatomic connections of extensive cortical and subcortical 

areas support the role of the cerebellum in cognitive and 

emotional processing.16 A large body of empirical research 

in patients with cerebellar damage has demonstrated that the 

region is related to cognitive and emotional regulation.16,17 A 

previous study found that SD caused abnormal changes in the 

whole network by connecting multiple brain regions, which 

had a significant influence on advanced functions, such as 

cognition and emotion, by mainly damaging the frontal lobe 

and cerebellum.22,37 In support of this finding, in our study, we 

found that both the left CPL and right CPL showed reduced 

rsFC with the frontal lobe in the SD group compared with 

the NS group, and the reduction was more significant in the 

right CPL than in the left CPL. Our findings suggest that SD 

causes rsFC impairment between both sides of the CPL and 

the frontal lobe, and the right CPL showed more significant 

rsFC impairment than the left CPL. Abnormal rsFC may 

be one of the most important reasons why emotional and 

cognitive function changes.

Conclusion
The bilateral CPL are possibly involved in acupuncture 

stimulation in different manners: the left CPL showed lack 

Table 6 altered resting-state functional connectivity regions of the right cerebellum posterior lobe after sleep deprivation versus 
normal sleep

Brain R/L Voxels MNI

X Y Z

increased areas
superior frontal gyrus l 31 -15 51 -15

reduced areas
superior frontal gyrus, middle frontal gyrus r 29 12 3 69
superior temporal gyrus r 13 42 15 -18
inferior frontal gyrus l 11 -42 3 21

Middle frontal gyrus l 24 -27 9 24

Middle frontal gyrus r 11 30 36 30
superior frontal gyrus, middle frontal gyrus l 79 -27 -3 57

Precentral gyrus, middle frontal gyrus l 11 -42 -6 54

Precentral gyrus, middle frontal gyrus l 118 -15 -21 75
superior frontal gyrus r 19 12 3 69

Note: A significance level of P,0.001 for individual voxels and a continuous voxel size $10 were used to determine statistical significance, corrected for AlphaSim.
Abbreviations: r, right; l, left; MNi, Montreal Neurological institute.
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of synchronism with the temporal lobe and the cerebellum 

anterior lobe in both the NS group and SD group, while the 

right CPL showed lack of synchronism with the parietal lobe. 

SD caused rsFC impairment between the right CPL and the 

frontal lobe, temporal lobe and DMN, and rsFC impairment 

between the left CPL and frontal lobe. Our findings provide 

insights into the pathophysiological mechanism of SD and 

may be helpful for understanding the cerebellum.
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