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Abstract 

Background  Tui Na (Chinese massage) is a relatively simple, inexpensive, and non-invasive intervention, 
and has been used to treat stroke patients for many years in China. Tui Na acts on specific parts of the body which are 
called meridians and acupoints to achieve the role of treating diseases. Yet the underlying neural mechanism associ‑
ated with Tui Na is not clear due to the lack of detection methods.

Objective  Functional near-infrared spectroscopy (fNIRS) was used to explore the changes of sensorimotor cortical neu‑
ral activity in patients with upper limb motor dysfunction of stroke and healthy control groups during Tui Na Hegu Point.

Methods  Ten patients with unilateral upper limb motor dysfunction after stroke and eight healthy subjects received 
Tui Na. fNIRS was used to record the hemodynamic data in the sensorimotor cortex and the changes in blood flow 
were calculated based on oxygenated hemoglobin (Oxy-Hb), the task session involved repetitive Tui Na on Hegu acu‑
point, using a block design [six cycles: rest (20 seconds); Tui Na (20 seconds); rest (30 seconds)]. The changes in neural 
activity in sensorimotor cortex could be inferred according to the principle of neurovascular coupling, and the num‑
ber of activated channels in the bilateral hemisphere was used to calculate the lateralization index.

Result  1. For hemodynamic response induced by Hegu acupoint Tui Na, a dominant increase in the contralesional 
primary sensorimotor cortex during Hegu point Tui Na of the less affected arm in stroke patients was observed, 
as well as that in healthy controls, while this contralateral pattern was absent during Hegu point Tui Na of the affected 
arm in stroke patients. 2. Concerning the lateralization index in stroke patients, a significant difference was observed 
between lateralization index values for the affected arm and the less affected arm (P < 0.05). Wilcoxon tests showed 
a significant difference between lateralization index values for the affected arm in stroke patients and lateralization 
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index values for the dominant upper limb in healthy controls (P < 0.05), and no significant difference between laterali‑
zation index values for the less affected arm in stroke patients and that in healthy controls (P = 0.36).

Conclusion  The combination of Tui Na and fNIRS has the potential to reflect the functional status of sensorimo‑
tor neural circuits. The changes of neuroactivity in the sensorimotor cortex when Tui Na Hegu acupoint indicate 
that there is a certain correlation between acupoints in traditional Chinese medicine and neural circuits.

Keywords  Tui Na (Chinese massage), Functional near-infrared spectroscopy (fNIRS), Stroke, Sensorimotor neural 
circuits, Neuroactivity

Background
Stroke is a serious threat to the safety and quality of 
life in the world, and the rate of disability after stroke is 
relatively high. Most patients have motor dysfunction, 
especially upper limb (UL) motor dysfunction [1]. UL 
movement is delicate and complex, and its unsatisfac-
tory recovery can reduce patients’ activities of daily life 
and affect the living quality of patients and their families 
[2]. Therefore, UL motor dysfunction is a key and difficult 
point in the process of rehabilitation after stroke.

Tui Na (Chinese massage) is a therapy that uses differ-
ent manipulations to act on specific parts of the body to 
achieve the purpose of prevention and treatment of dis-
eases. Skilled and appropriate manipulations can posi-
tively affect the nervous, circulatory, motor, and other 
systems of the body [3]. Tui Na is well received because 
of its simple operation, safety, and wide range of appli-
cations. However, the essence and structural basis of the 
meridian guiding Tui Na practice have not been scientifi-
cally clarified, which has become the "bottleneck" of Tui 
Na’s inheritance and innovation [4]. Researchers have 
found that there may be a relationship between neural 
circuits and the meridian system [5, 6]. The sensorimotor 
neural circuits are an important way All the stroke sub-
jects were the first unilateral ischemic stroke patients for 
the human body to perceive external stimuli and result 
in a series of physiological and pathological changes. The 
normal function of the structure of the central nervous 
system depends to a large extent on the normal transmis-
sion of sensory information. The human body receives 
different stimuli through various receptors distributed in 
the skin, muscles, and joints to produce various types of 
sensation [7, 8].

Studies have shown that Tui Na can improve post-
stroke motor dysfunction through sensory ascending 
stimulation [9, 10], but the related mechanism is unclear 
due to the lack of detection methods. fNIRS [11] (func-
tional near-infrared spectroscopy) is an emerging neuro-
imaging technique, which indirectly reflects the intensity 
of neural activity by detecting the changes in blood oxy-
gen activity in the cerebral cortex. fNIRS has a good tem-
poral resolution (sampling rate up to dozens of Hz) and 
spatial positioning ability (centimeter scale), as well as 

portability, economy, and good ecological validity [12]. In 
recent years, it has been widely used in neuroscience [13, 
14], clinical research [15, 16], brain-computer interface 
[17, 18] and other fields and made some progress.

In this research, fNIRS was used to reflect the changes 
of neuroactivity in the sensorimotor cortex during Tui Na 
Hegu (LI4, large intestine 4) acupoint in patients with UL 
motor dysfunction after stroke, and to explore the cor-
relation between acupoints in traditional Chinese medi-
cine and neural circuits. The Hegu point is commonly 
used in Tui Na therapy, located between the hand’s first 
and second metacarpal bones, with a relatively large cor-
responding position in the cerebral cortex, and was easily 
observed by fNIRS. Therefore, the Hegu point was cho-
sen as a representative point for the study.

Materials and methods
Participants
A total of 18 subjects were recruited, including 10 
patients with ischemic stroke and 8 healthy controls 
without neurological or mental illness. All the stroke 
patients were unilateral, ischemic, and first-onset, and 
all were right-handed. The clinical information of stroke 
patients is shown in Table 1. Before participating in the 
experiment, all subjects fully understood the purpose 
of the study and signed an informed consent form. This 
study was approved by the Institutional Ethics Commit-
tee of Shanghai Third Rehabilitation Hospital (approval 
No. SH3RH-2021-EC-012) on December,16th, 2021.

Equipment and method
During the experiment, the subjects were asked to lie 
on the bed and avoid unnecessary physical activities, 
such as blinking, frowning, and speaking. Participants 
were required to wear fNIRS headcap which covered the 
bilateral frontal and parietal regions. The headcap was 
adjusted to mount the optodes tightly onto the head of 
participants to make sure the high quality of fNIRS sig-
nal acquisition. fNIRS recording started when the signal 
was stable. The task session involved repetitive Tui Na on 
Hegu acupoint, using a block design [six cycles: rest (20 
seconds); Tui Na (20 seconds); rest (30 seconds)] (Fig. 1a). 
The one-finger Zen manipulation was used and operating 
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essentials are as follows: the performer exerts the tip of 
the thumb on the Hegu acupoint of the subject’s hand, 
the thumb is straight, the metacarpophalangeal joint and 
interphalangeal joint of the remaining four fingers natu-
rally flexion, relaxing wrist joint, taking elbow as a ful-
crum, active movement the forearm, driving wrist joint 
to swing rhythmically, so that the force generated is con-
tinuously acting on the Tui Na site through the thumb. 
At the same time, the subjects had a feeling of soreness 
and distension at the Hegu acupoint, and the manipula-
tion frequency was about 120 times per minute (Fig. 1b).

fNIRS equipment (NirScan-8000A, Danyang Hui-
chuang, China) was used to record the hemodynamic 
data. A total of 21 NIRS optrodes (11 light sources and 
10 detectors, with wavelengths of 730 and 850nm, and 
a sampling rate of 19Hz) formed 32 observation chan-
nels [19]. A three-dimensional digitizer (Patriot, Amer-
ica) was used to collect the 3D coordinate information 
of the optrodes and channels to ensure the accuracy of 
the observed brain area and to be consistent in multiple 
measurements. According to the Brodmann area (BA) 

and anatomical locations of the cortex, the observation 
channels are divided into six ROIs (regions of interest): 
ipsilesional premotor cortex, PMC_ipsi; contralesional 
premotor cortex, PMC_contra; ipsilesional primary sen-
sorimotor cortex, SM1_ipsi; contralesional primary sen-
sorimotor cortex, SM1_contra; supplementary motor 
area, SMA; Somatosensory Association Cortex, SAC[19] 
(Fig. 2).

fNIRS data analysis
The fNIRS data was preprocessed and analyzed using 
NIRS – KIT [20] and NIRS-SPM v.3.2 [21, 22] based on 
MATLAB 2013b (The MathWorks Inc., Massachusetts). 
Considering that the oxygenated hemoglobin (Oxy-Hb) 
signal is widely reported in clinical research [23], with 
better sensitivity to task-related hemodynamic changes 
[24], and found excellent reliability for both task-related 
activity [25], we focused on Oxy-Hb signal in the present 
study.

For the correction of motion artifacts, the Tempo-
ral Derivative Distribution Repair (TDDR) algorithm 
was applied to the raw hemodynamic data [26]. Then, a 
discrete cosine transform (DCT) based high-pass filter 
(128 s) was applied to remove liner trends. Afterward, 
fNIRS data was smoothed with the canonical hemody-
namic response function (HRF). The General Linear 
Model (GLM) was used to detect Tui Na-related brain 
activation from the preprocessed hemodynamic data. 
The design matrix consisting of a boxcar regressor of 
the massage task was convolved with a Gaussian HRF 
to obtain the predictors of the time series of neural 
activation. Beta-estimates represent the weight of the 
massage task to the variance of the hemodynamic sig-
nal of each channel. Cortical activation was calculated 
with a contrast vector of [1], and the significance level 
was set at P < 0.05. The number of activated channels in 
the contralateral and ipsilateral hemisphere was used to 

Table 1  Clinical information of stroke patients

M Male, F Female, L Left, R Right, FMA-UE UL motor function evaluation

Patients Sex Age Time of stroke Hemiparesis 
side

FMA-UE

1 F 66 6 months L 22

2 M 43 2 months L 26

3 M 42 3 months R 25

4 M 60 3 months L 30

5 M 56 5 months R 32

6 M 54 4 months R 28

7 M 69 3 months R 25

8 F 54 5 months L 29

9 M 63 5 months R 35

10 M 73 3 months R 36

Fig. 1  fNIRS block design (A) and Tui Na paradigm (B)
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calculate the LI, LI = (contralateral − ipsilateral) / (con-
tralateral + ipsilateral) [19].

Statistical analysis
For demographic data, a group comparison of sex was 
carried out with a chi-square test, of age a two-tailed Wil-
coxon test. For fNIRS data, comparisons between LI of 
stroke patients and controls were carried out with a two-
tailed Wilcoxon test. Comparison between LI of affected 
arm Tui Na and less affected arm Tui Na among stroke 
patients was carried out with a one-tailed Wilcoxon test.

To reflect the differences more intuitively between 
groups and between conditions (Tui Na of affected / less 
affected arm), the preprocessed hemodynamic data of 
SM1 was z-score normalized and then averaged across 
groups and participants. The mean value of oxy-Hb 
changes during the 2-s period just before trial onset was 
subtracted from the trial average for baseline correction. 
Statistical significance was set at p<0.05.

Results
Demographic Information
As shown in Table 2, there were no significant differences 
in sex ratio and age between stroke patients and healthy 
controls.

Hegu acupoint Tui Na related fNIRS responses
Figure  3 showed a dominant hemodynamic increase in 
the contralesional SM1 during Hegu acupoint Tui Na 
of the less affected arm, while a similar pattern was not 
observed in the ipsilesional SM1 during Hegu acupoint 

Tui Na of the affected arm in stroke patients. In healthy 
controls, dominant hemodynamic increase in the con-
tralateral SM1 was observed during Hegu acupoint Tui 
Na of both hands (Fig. 4).

LI values
Concerning the LI values in stroke patients, a signifi-
cant difference was observed between LI values for the 
affected arm and the less affected arm (P < 0.05). As 
Fig. 5 shows, LI values for the affected arm at the Hegu 
acupoint varied from -1 to 1, indicating mixed patterns of 
sensorimotor cortical dysfunction and interhemispheric 
imbalance among stroke patients. Whereas, LI values for 
the less affected arm at Hegu acupoint in stroke patients 
were mostly above 0, suggesting the largely intact func-
tion of the contralesional sensorimotor cortex. Wilcoxon 
tests showed a significant difference between LI val-
ues for the affected arm in stroke patients and LI values 
for the dominant UL in healthy controls (P < 0.05), and 
no significant difference between LI values for the less 
affected arm in stroke patients and that in healthy con-
trols (P =0.36).

Fig. 2  A The arrangement map of fNIRS channels in the cortex, which is divided into 6 ROIs. B Light sources (red dot, 11) and detectors (blue dot, 
10) form 32 channels (yellow line). The sensitivity distribution map of photons in the cortex is simulated by Monte Carlo, and the redder the region 
is, the stronger the sensitivity is [19]

Table 2  Demographic information

ST Stroke patient, HC Healthy control

stroke patient 
(N=10)

healthy control 
(N=8)

Significant

Sex (male/
female)

8/2 5/3 0.41

Age (years) 58.00±10.31 49.25±6.82 0.06
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Discussion
The results of this study indicate that patients with UL 
motor dysfunction after stroke do have the injury of sen-
sorimotor neural circuits, and the combination of Tui Na 
and fNIRS has the potential to reflect the dysfunction 
of sensorimotor neural circuits. The changes in neural 
activity in the sensorimotor cortex during Hegu acupoint 
Tui Na indicate that there is a certain correlation between 
acupoints in traditional Chinese medicine and neural 
circuits.

The pattern of brain activation of the affected limb after 
stroke was mainly bilateral in the early stage, and gradu-
ally transferred to the ipsilesional cortex with the pro-
gress of rehabilitation [27]. Therefore, the detection of 
LI may help the physician to make an auxiliary judgment 
on the prognosis of patients. Previous studies are mainly 
based on patients’ active hands-on tasks for related test-
ing, but for patients who are unable to take the initiative 

tasks, there is a lack of detection, this study makes up for 
this deficiency.

The analysis of the effect of Tui Na on neural circuits 
is of great significance in the clinic. The neural circuits 
are the basis of the coordination of sensory, motor, and 
balance functions, and it is also the structure and func-
tional unit of nerve remodeling and rehabilitation. The 
repair of these neural circuits after injury requires the 
stimulation of a variety of senses, and then reconstruct-
ing the neural network connection [28, 29]. Similar to 
acupuncture [30], Tui Na on the hemiplegic UL can stim-
ulate the peripheral nerves, and promote the activation 
and integration of the cortical sensorimotor network. 
Similar to physical therapy [31], Tui Na can coordinate 
the balance of muscle tension between muscle groups, 
inhibit and control spasms, and then establish a normal 
movement pattern. As a non-invasive brain functional 
neuroimaging technology, fNIRS has the advantages of 

Fig. 3  The averaged hemodynamic signal time courses in SM1 during Hegu acupoint Tui Na of affected (A) and less affected arm (B) in stroke 
patients. The blue line represents the ipsilesional hemisphere and the red for the contralesional hemisphere. The vertical dash lines indicate 
the onset and offset of the Tui Na task

Fig. 4  The averaged hemodynamic signal time courses in SM1 during Hegu acupoint Tui Na of the left (C) and right hand (D) in healthy controls. 
The blue line represents the left hemisphere and the red for the right hemisphere. The vertical dash lines indicate the onset and offset of the Tui Na 
task
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simple operation, low cost, strong anti-interference, and 
good compatibility. It can realize the rapid examina-
tion of brain function in healthy subjects and patients 
with various brain dysfunction diseases [32]. The com-
monly used non-invasive brain function detection tech-
niques include electroencephalogram (EEG), functional 
magnetic resonance imaging (fMRI), and fNIRS. Each 
detection technique has its characteristics in spatial and 
temporal resolution, coverage, application requirements 
of the instrument, etc [33]. fMRI, which is widely used 
in clinical research, has high spatial resolution and can 
detect the whole brain, but it has a high cost and is more 
used for brain functional activity examination in a static 
state, so it is difficult to evaluate brain function in motor 
state or magnetoelectric therapy state [34]. Rehabilitation 
of nervous system diseases is a dynamic and gradual pro-
cess and is closely related to brain function. The activa-
tion and reconstruction of neural circuits are crucial to 
realize functional rehabilitation [35]. Clinically, rehabili-
tation needs the process of "evaluation--rehabilitation-
-re-evaluation--continuous rehabilitation--curative effect 
follow-up", and needs to optimize the rehabilitation pro-
gram continuously through feedback mechanism and 
clinical evaluation [36]. Therefore, it still needs real-time 
dynamic, portable, and easy-to-operate cortical function 
detection equipment. With its gradual popularization, 
fNIRS technology will show important application value 
and significance in the field of clinical research.

The limitations of this study are that the sample size 
is relatively small, Which may affect the accuracy of the 
study results. This study focuses on whether a single Tui 

Na  massage at one point can cause changes in the sen-
sorimotor cortex. And such a short and single session of 
Tui Na maybe not be enough to induce clinical improve-
ment in dysfunction. In the future, we will use a session 
of a massage program and other physical therapy as a 
controlled study to operate at multiple time points, and 
to evaluate the UL dysfunction before and after therapy.

Conclusion
The combination of Tui Na and fNIRS has the potential 
to reflect the functional status of sensorimotor neural 
circuits. The changes of neuroactivity in the sensorimo-
tor cortex when Tui Na Hegu acupoint indicate that there 
is a certain correlation between acupoints in traditional 
Chinese medicine and neural circuits.
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