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Abstract
Impairment in the cerebral glymphatic system may be one of the primary etiologic reasons for insomnia. Traditional Chi-
nese medicine (TCM) physiotherapy is helpful for treating insomnia patients, with few side effects; however, its influence on 
glymphatic system function has not yet been examined. The DTI-ALPS (diffusion tensor image analysis along the perivas-
cular space) technique and structural brain network graph theory analysis are the only current methods that can show the 
glymphatic system’s function and the operating efficiency of the neurofibrillary network in a noninvasive and quantitative 
manner, but their utility has yet to be proven. We employed DTI-ALPS and structural brain network small-worldness to exam-
ine changes in the glymphatic system’s function and the network’s working efficiency before and after TCM meridian sinew 
treatment in a 35-year-old female with chronic insomnia. The ALPS index and small-worldness, the Insomnia Severity Index, 
and the Pittsburgh Sleep Quality Index were collected at various time intervals following therapy. The results showed that the 
patient’s glymphatic system functioning, neurofibrillary network arrangement status, and insomnia symptoms improved dur-
ing the therapy period. Additionally, her glymphatic system functioning and network status had stabilized and her quality of 
sleep had improved one month after the treatment ended. Thus, TCM physiotherapy can improve insomnia symptoms, and 
this report suggests that the corresponding mechanism of action may be achieved by repairing the glymphatic system’s func-
tion and optimizing the state of neurofibrillary network arrangement, providing a new perspective for the study of the TCM 
therapeutic mechanism of insomnia.
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Introduction

Insomnia is one of the most frequent mental diseases, with World 
Health Organization data indicating that 10–49% of individuals 

globally suffer from varying degrees of insomnia. Long-term 
insomnia not only decreases patients’ quality of life and social 
functioning, but it may also lead to a slew of medical and men-
tal ailments such as cardiovascular disease, cognitive disorders, 
anxiety, depression, and so on, all of which have major conse-
quences for people’s physical and mental health. By clearing po-
tentially dangerous metabolic wastes from the brain during sleep, 
sleep maintains the basic physiological health of nerve cells.1 
Hence, insomnia can result in a buildup of metabolic wastes that 
might harm nerve cells, which in turn alters neural network pat-
terning, thus exacerbating metabolic disorders in a vicious cycle. 
The cerebral glymphatic system regulates brain metabolism, and 
studies have suggested that insomnia may be linked to glym-
phatic system dysfunction, as well as anomalies in the patient’s 
nerve fiber network.2–4 Investigating the relationship between the 
brain network state, glymphatic system function, and symptoms 
in insomnia patients can help us understand the mechanism of 
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insomnia.
Meridian sinew therapy is an important branch of physical ther-

apy in traditional Chinese medicine (TCM) that employs mechani-
cal stimulation (massage, acupuncture, etc.) to eliminate lesions; 
stimulate fascia, periosteum, muscles, and other tissues; and acti-
vate nerve fibers, blood vessels, lymphatic vessels, and connective 
tissues in the state of activity in the treatment of insomnia, with 
good efficacy and few side effects.5,6 Our team previously used 
magnetic resonance imaging (MRI) technology to discover that 
meridian sinew therapy can regulate the metabolic state of vol-
unteers’ brains and improve neural network scheduling,7,8 but the 
effect and mechanism of its action on the glymphatic system are 
still unknown.

Magnetic resonance diffusion tensor imaging (DTI) has been 
shown to have utility in observing neurological microstructural 
alterations in patients with insomnia.4 DTI analysis along the 
perivascular space (DTI-ALPS) and structural brain network 
graph theory analysis are the only current methods that can show 
the glymphatic system’s function and the operating efficiency of 
the neurofibrillary network in a noninvasive and quantitative man-
ner; these methods also have been used in insomnia research.9,10 
DTI-ALPS uses the diffusion tensor method to assess the move-
ment of water molecules in the direction of the perivascular space, 
which is combined with the formula proposed by Taoka et al.11 
to calculate the ALPS index to indirectly characterize the func-
tion of the glymphatic system, while the graph theory analysis 
method characterizes the operational efficiency of the neural 
network by calculating its topological parameters including the 
small-worldness. We present the ALPS index and small-world-
ness modifications in a 35-year-old female with chronic insomnia 
before and after meridian sinew therapy. The results showed that 
the patient’s glymphatic system function and neural network op-
eration efficiency were increased, and her sleep quality improved 
after treatment, demonstrating the potential of the corresponding 
techniques in the study of insomnia and TCM mechanisms as well 
as providing a new way of thinking about insomnia treatment and 
monitoring efficacy.

Case presentation

Patient information
A 35-year-old female patient presented to the clinic with trouble 
going to asleep, easy awakening, and early waking for one year, 
and worsening symptoms in the last three months, including head-
ache and memory loss. The patient has been taking Stilnox as a 
sleep aid for six months, one pill each night, and says that she can 

fall asleep and sleep longer after using the drug, but her insom-
nia symptoms return after ceasing the drug. The earlier physical 
examination of the patient indicated an unclosed patent foramen 
ovale of the heart, which was not treated further, and she denied 
any other relevant past medical history.

Clinical findings
The patient had a score of 26 on the Insomnia Severity Index (ISI), 
indicating severe clinical insomnia, and a score of 19 on the Pitts-
burgh Sleep Quality Index (PSQI), indicating poor sleep quality. 
There were no anomalies discovered during the physical checkup. 
No abnormalities were found in routine blood and urine tests, or 
liver and renal function tests. No abnormalities were found on a 
chest X-ray, electrocardiogram, ultrasonogram (abdomen, thyroid, 
and breast), or cranial MRI (Fig. 1).

Diagnostic assessment
The patient, a 35-year-old female, complained of difficulty falling 
and staying asleep as well as impaired daytime functioning, with 
symptoms lasting more than three months and occurring more than 
three times per week. She was diagnosed with chronic insomnia 
disorder using the International Classification of Sleep Disorders, 
Third Edition.

Therapeutic intervention
The patient agreed to TCM physiotherapy after extensive discus-
sion. A two-week drug elution program was first carried out un-
der the supervision of a neurologist. In March 2022, the patient 
officially began the meridian sinew treatment, which used “Wu 
Jinghua’s Jingjin (meridian sinew) Therapy” with the overall 
conditioning of untying the sinew nodules and dredging the qi 
of the meridians as the core,7,8 along with a variety of profes-
sional massage techniques and acupuncture treatment to condi-
tion the patient’s whole body meridian sinew system as well as 
to guide and encourage neural network remodeling and nervous 
system metabolic function restoration. For massage, a skilled 
meridian sinew therapist utilized manual exploration to discover 
sinew nodules and abnormal soft tissues along the patient’s me-
ridians and then released the fascia of the diseased area using 
the “somatic twisting daoyin (dao yin an qiao)” technique. The 
“Muscle Region Needling Method (jing jin ci fa)” was used to 
apply acupuncture, with the needles left in place for about an 
hour each time. There were two treatment courses, each of which 
was repeated 12 times (for a total of 24 times), the gap between 
treatments was roughly two days, and each treatment lasted about 
1–2 h. During the treatment period, the patient received no medi-

Fig. 1. Cranial magnetic resonance routine scan images. (a) T1-weighted image, (b) T2-weighted image, (c) T2-weighted-fluid-attenuated inversion recovery 
image, (d) diffusion-weighted image.
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cation or other therapies for insomnia.

Follow-up and outcomes
The patient began treatment in March 2022, and the DTI and 
three-dimensional T1-weighted data as well as ISI and PSQI 
scores were collected at various time points after treatment. The 
DTI data were processed and the ALPS index was calculated us-
ing DTI Studio software (https://www.mristudio.org/),12 structur-
al brain networks (Fig. 2) were constructed using Panda software 
(https://www.nitrc.org/projects/panda/), and the small-worldness 
values were computed using Gretna software (http://www.nitrc.
org/projects/gretna/).13 The ALPS index can indicate the function 
of the glymphatic system, whereas the small-worldness shows the 
neural network’s operating state and information transmission ef-
ficiency.

A GE 3.0T MRI scanner (3.0T HDxt, GE) with an 8-channel 
standard head coil was used to acquire the data. To limit the im-
pact of MRI noise, the patient was immobilized with sponge pads 
around the head and wore earplugs. To exclude the impact of scan-
ning discrepancies and timing disparities on the data, all data were 
collected by the same experienced radiologist within the same time 
period (2:00 pm to 2:30 pm). The patient was asked at the end of 
the scan if there had been any coughing, trunk movement, or other 
abnormalities during the scan. If the result was positive, a second 
scan was scheduled after adjusting the status, and the images were 
visually inspected before preprocessing to ensure that there were 
no severe artifacts or significant head movements. The MRI scan-

ning parameters and post-processing procedures are detailed in 
Supplementary Material 1.

After 11 days of treatment, the patient’s small-worldness and 
ALPS index were mildly elevated compared to before treatment, 
with an ISI score of 21 and a PSQI score of 13, indicating that 
neural network patterning and glymphatic system function had 
improved and that insomnia symptoms had decreased. At the end 
of treatment, the patient’s small-worldness and ALPS index were 
significantly elevated, with an ISI score of 14 and a PSQI score of 
10, indicating that neural network patterning, glymphatic system 
function, and insomnia symptoms had improved. We collected the 
same data one month after the therapy ended to investigate the 
treatment’s long-term efficacy, when the patient was not taking 
medication or receiving insomnia-related care. With an ISI score 
of 7 and a PSQI score of 4, the patient had a tiny decrease in the 
ALPS index but a slight increase in the small-worldness compared 
to before. Despite the fact that her neural network patterning and 
glymphatic system function had stabilized, the patient’s sleep qual-
ity continued to improve (Table 1, Fig. 3).

Discussion
Insomnia treatment comprises medication, cognitive behavioral 
therapy, and alternative therapies (acupuncture, tuina, music thera-
py, and so on). Drug therapy and cognitive behavioral therapy are 
perhaps the most well-known; however, drug therapy may cause 
bad responses and addiction, while cognitive-behavioral therapy 

Table 1.  Various parameters before and after meridian sinew therapy

Index 14 March 2022  
(Before treatment)

25 March 2022  
(After treatment)

23 April 2022  
(After treatment)

28 May 2022  
(After stopping treatment)

Dxproj 0.682 0.712 0.672 0.678

Dxassoc 0.668 0.691 0.745 0.79

Dyproj 0.398 0.426 0.387 0.395

Dzassoc 0.412 0.405 0.388 0.421

ALPS index 1.667 1.692 1.830 1.800

Small-worldness 5.094 5.098 5.447 5.529

ISI 26 21 14 7

PSQI 19 13 10 4

Dxproj, diffusivity along the x-axis in the projection fiber area; Dxassoc, diffusivity along the x-axis in the association fiber area; Dyproj, diffusivity along the y-axis in the projection 
fiber area; Dzassoc, diffusivity along the z-axis in the association fiber area; Diffusivity was measured with apparent diffusion coefficient values (×10−3 mm2/s). ALPS, analysis along 
the perivascular space; ISI, Insomnia Severity Index; PSQI, Pittsburgh Sleep Quality Index.

Fig. 2. Neurofiber network matrices at different time points. The horizontal and vertical coordinates of the respective brain regions as well as the colors 
of the little squares inside the matrix indicate the strength of connections between intersecting brain regions. The dates are indicated above the panels.
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has limitations such as difficulties in follow-up and high demands 
for doctors’ expertise. Meridian sinew therapy not only has good 
efficacy and few side effects in the treatment of insomnia,5,6 but 
it also has targeted treatment based on the sinew nodules on the 
meridian route and the principle of dialectical treatment as well as 
physical stimulation of acupuncture points on the pathway while 
clearing up the sinew nodules of the meridian sinew,14,15 which 
is more advantageous in the individualization of the treatment of 
insomnia patients. In this case study, we also noticed high effec-
tiveness and a favorable prognosis.

According to TCM, the root cause of insomnia is the merid-
ian obstruction that blocks blood and qi, depriving the mind and 
spirit of nourishment.5 We hypothesized that the aberrant neural 
network and glymphatic system function observed in insomnia 
patients in earlier research may be the externalized expression of 
the brain’s deficiency in blood and qi.2–4 To understand the thera-
peutic effect of meridian sinew therapy on insomnia, it can be 
summarized as the obstruction of qi and blood operation leading 
to abnormalities of meridian sinew and the occurrence of sinew 
nodules as well as the lifting of the pressure of sinew nodules 

Fig. 3. Trends in various parameters before and after meridian therapy. The horizontal coordinate is the date of the patient’s imaging examination. ALPS, 
analysis along the perivascular space; ISI, Insomnia Severity Index; PSQI, Pittsburgh Sleep Quality Index.
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playing a role in regulating qi and blood and balancing yin and 
yang, which indirectly improves the blood supply to the brain and 
provides material conditions for the repair of glymphatic system 
function and the remodeling of the neural network. In this case 
report, we discovered that the patient’s ALPS index and small-
worldness improved over time with meridian sinew therapy, im-
plying that the glymphatic system’s function and the operational 
status of the neural network were healed, which was commensu-
rate with improved sleep quality. Previous research by our team 
has shown that meridian sinew therapy has an optimizing influ-
ence on the blood supply and neuronal network arrangement in 
the brain.7,8 Moreover, Lu et al.16 and Sung et al.17 have reported 
that interventions like acupuncture can promote restorative re-
modeling of brain neuronal networks across numerous pathways, 
supporting the corresponding theory.

On the other hand, despite a minor decline in the glymphatic 
system’s functionality and a leveling off of small-worldness a 
month after the patient stopped receiving treatment, her sleep qual-
ity steadily improved. This might be because the patient’s capacity 
for self-healing was stimulated by meridian sinew therapy. One 
of the fundamental ideas of TCM is the “holistic concept,” which 
advocates using a holistic perspective to grasp the human body and 
strive for the harmony, unity, and completeness of all physiologi-
cal functions in both clinical treatment and thought.18 Therefore, 
TCM places a greater emphasis on treating the ailment through 
encouraging the patient’s capacity for self-healing.19 According to 
Yang et al.,14 meridian sinew therapy may treat “spirit” to main-
tain the organism’s unity and coordination, which will improve the 
therapeutic impact and control the operation of the entire body. 
Other researchers also have discussed the function of meridian 
sinew therapy in releasing sinew nodule compression, clearing qi 
and blood blockages, and yin and yang balancing to enhance the 
immune system and self-healing capacity of insomnia patients.5 Of 
course, the mechanism underlying this improvement needs more 
research.

Despite the positive efficacy and data trends shown in the pre-
sent case, this research has limitations. First, further research with 
more samples is needed to confirm the therapeutic effect of merid-
ian sinew therapy on brain glymphatic system function. Second, 
analyzing the relationship between glymphatic system function, 
neurofibrillary network arrangement status, and sleep quality us-
ing a wide sample of data could assist in understanding the patho-
physiology of insomnia.

Clinical perspectives
The mechanism of action of TCM physiotherapy on the glym-
phatic system and neurofibrillary network of insomnia patients has 
not been investigated, and quantifying its efficacy on insomnia is 
also a problematic challenge. This report opens up new avenues 
for investigating the mechanism of TCM treatment of insomnia 
as well as quantitatively demonstrating the therapeutic impact of 
TCM physiotherapy.

Conclusion
TCM physiotherapy can improve insomnia symptoms, and this re-
port suggests that the corresponding mechanism of action may be 
achieved by repairing the glymphatic system’s function and opti-
mizing the state of neurofibrillary network arrangement, providing 
a new perspective for the study of the TCM therapeutic mechanism 
of insomnia.
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