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Background: Knee osteoarthritis (KOA) is characterized by pain and dysfunction. Tissue-bone homeostasis manipulation (TBHM)
has been shown to have a good effect on KOA. However, its optimal application time and related mechanism of action are still unclear.
Therefore, this study will explore the efficacy and brain mechanism of TBHM at different time points in patients with KOA.
Methods: The experiment is designed as a randomized controlled single-blind study, aiming to recruit 100 patients with KOA. These
patients will be divided into four groups using stratified random sampling: the TBHM group at 8 a.m. the TBHM group at 1 p.m. the
TBHM group at 6 p.m. and the Joint Mobilization group. The intervention will last for 4 weeks, once a day, 5 days per week. All
outcome indicators will be measured at baseline and 4 weeks after the intervention, with the efficacy indicators measured additionally
during follow-up visits at the 3rd and 6th months. The efficacy results include the Visual Analog Scale, Active range of motion, SF-36,
electroencephalogram (EEG) and the Hamilton Anxiety Rating Scale. The mechanism part mainly focuses on changes in melatonin
content in saliva. Two-way repeated measures analysis of variance (ANOVA) will be used to measure and statistically analyze all
quantitative scores, while MatLab 2022b will be utilized for the analysis of EEG data.

Discussion: This study, based on “circadian rhythm”, innovatively combines different treatment times with TBHM to treat KOA pain.
It will delve into the differences in the impact of this approach on KOA pain relief at different time points and clarify its potential
mechanism of action. This will not only enhance the scientific understanding of the treatment effect of this manipulation but also
provide new strategies and references for clinical treatment of KOA.

Trial Registration: The study was registered in Chinese Clinical Trial Registry (No. ChiCTR2400080820). Registered on Feb. 07,
2024, https://www.chictr.org.cn/showproj.html?proj=220404.
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Introduction

Knee osteoarthritis (KOA) is a whole joint disease involving all joint tissues, including changes in infrapatellar fat pad and
synovial membrane and meniscal degeneration.'* Its key pathological characteristics include distortion and loss of articular
cartilage, sclerosis of joint border and subchondral bone, and the production of osteophytes.® The clinical manifestations
mainly include chronic joint pain, limited motor function, joint stiffness, and even deformation.” The main risk factors include

Journal of Pain Research 2025:18 41614172 4161
Received: 28 April 2025 © 2025 Ma et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 12 August 2025 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 19 August 2025


https://www.chictr.org.cn/showproj.html?proj=220404
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Ma et al

aging, obesity, joint injury, genetic predisposition, and gender.” According to surveys, the prevalence of symptomatic KOA
among middle-aged and elderly people in China is 8.1%,° and the incidence rate increases with age. The World Health
Organization (WHO) has defined KOA as the fourth leading cause of disability globally, and with the increase in average life
expectancy and the progress of global aging, it has brought a heavy burden to global public health.

Pain is an important predictor of functional limitations in people with KOA,” exhibits diverse characteristics
throughout the progression of the disease.® In the early stage of KOA, the pain is evidently predictable For instance,
activities such as excessive walking or climbing stairs usually lead to a worsening of the pain. As the disease advances to
the later stage, unpredictable pain gradually becomes the norm, and persistent pain frequently occurs at night, severely
impairing the patients’ sleep quality. Numerous studies have also verified that sleep has become an important criterion for
measuring the degree of KOA pain.”'® There exists a close and intricate relationship between the two, interacting with
each other and jointly affecting the patients’ quality of life and disease experience.

Research data show that more than half of KOA patients will suffer from continuous pain at night, which not only
seriously affects their sleep quality but also often leads to insomnia and frequent awakenings. A study by Campbell
et al'' found that sleep and pain can influence each other, with increased night pain affecting sleep quality and improved
sleep significantly reducing the occurrence of KOA pain.'*'? Circadian rhythm is a biological rhythm within an organism
that is close to a 24-hour cycle.'® It receives retinal light signals through the suprachiasmatic nucleus (SCN) of the
hypothalamus and is synchronized with the earth’s rotation cycle."” It profoundly affects everything from gene expres-
sion to overall physiological function (including inflammation and repair).'® The pathological process and symptoms of
KOA have a clear circadian rhythm, especially the pain is aggravated at night and relieved during the day.'” Therefore,
utilizing the principles of “circadian rthythm” to guide manual interventions for KOA becomes particularly significant.

Circadian rhythm is an intrinsic physiological cycle regulated by the biological clock, affecting various aspects including
sleep-wake cycle, hormone secretion, body temperature regulation, and so on.'® It is coordinated by the SCN of the
hypothalamus,'” and each internal organ also possesses its own circadian thythm. In recent years, more and more researchers
have focused on the importance of circadian rhythm to human health. Multiple studies have shown that circadian rhythm
disorders can lead to the occurrence and development of many diseases,”® including neurodegenerative diseases,?' cardio-
vascular diseases,”” musculoskeletal diseases,” etc. Numerous studies have proven that circadian rhythm disorders are closely
related to osteoarthritis, including affecting bone density, osteoclast differentiation, and the expression of inflammatory
factors.'®?* Therefore, pain caused by KOA can lead to sleep disorders, which are circadian rhythm disorders, and vice versa,
circadian rhythm disorders can interfere with pain relief by affecting inflammatory factors, cell differentiation, and other
aspects. Melatonin, an indole hormone secreted by the pineal gland in the brain,> follows the circadian rhythm strictly in its
synthesis and release, that is, it shows a higher level at night and a lower level during the day.?® By monitoring the release level

and concentration curve of melatonin,?’-*®

the homeostatic state of the body’s circadian rhythm can be effectively reflected.
Studies®® have shown that Melatonin lowers core body temperature to promote the drowsiness. In addition, exercise time has
aregulatory effect on melatonin (exercise in the afternoon may inhibit the secretion of melatonin at night, while exercise in the
morning has less negative impact on melatonin).? Therefore, the effect of melatonin in promoting sleep may be affected by
the time interval between exercise and sleep.

Clinically, pain caused by KOA is often treated with medication,’®>' but it often leads to significant adverse reactions
such as drug dependence and side effects. Therefore, there is a need for a non-pharmacological treatment method that can
relieve joint pain with fewer adverse reactions. There are many non-pharmacological treatment methods for KOA,
including manual therapy (MT), high-intensity laser therapy,”> and more. Among the alternative or complementary non-
pharmacological treatment methods for KOA pain management, MT is widely used due to its safety, non-invasiveness,
and effectiveness in reducing pain.**** As a form of MT, tissue-bone homeostasis manipulation (TBHM) is a treatment
method developed on the basis of traditional Chinese and Western medicine theories that emphasizes the simultaneous
treatment of tendons and bones. During treatment, the first step is relaxation techniques, which are conducive to the
complete relaxation of the soft tissues around the knee joint and reduce tissue tension. The second step is to press the
classic acupoints and Ashi points of the knee joint to increase the pain threshold and reduce the release of pain-causing
substances. The third step is to use the infrapatellar fat pad release technique to completely loosen the adhesion tissue
around the knee joint, especially the infrapatellar fat pad tissue. Finally, adjust the displaced patella and dislocated
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tibiofemoral joint, improve the movement trajectory of the patella, and restore the force line of the lower limbs, thereby
promoting the recovery of joint function and pain relief in patients with KOA.** Interestingly, time-based therapy based
on circadian rhythm, which optimizes the timing of treatment, has attracted widespread attention from researchers.
Although TBHM can significantly alleviate KOA pain, the optimal time for its effectiveness remains unclear.”

In summary, this study aims to optimize the treatment time of TBHM, a significant therapeutic approach for KOA,
based on the “circadian rhythm” theory. The goal is to maximize its positive therapeutic effects, improve treatment
efficiency, and explore related brain mechanisms.

Materials and Methods

Study Design

This research will utilize a single-blind, randomized controlled trial involving 100 qualified participants. These partici-
pants will be randomly divided into four groups: TBHM at 8 a.m., TBHM at 1 p.m., TBHM at 6 p.m., and Joint
Mobilization group, with a ratio of 1:1:1:1. Stratified randomization will be used, considering factors such as gender, age,
and Kellgren-Lawrence (K-L) grade. A concise flowchart of the study is depicted in Figure 1, with the schedule of
activities detailed in Table 1. The study protocol was designed in strict accordance with the Standard Protocol Items:
Recommendations for Interventional Trials 2013 (SPIRIT 2013) (SPIRIT Document) and was approved by the Ethics
Committee of Shanghai Seventh People’s Hospital and registered with the Chinese Clinical Trial Registry (registration
number: ChiCTR2400080820).

Sample Size Calculation

In this study, we conducted an initial calculation of the sample size based on a two-way repeated measures analysis of
variance (ANOVA) using G*Power software (v3.1.9.2, University Dusseldorf, Germany). The expected effect size (1)* =
0.3),%¢ significance level (alpha = 0.05), power (1-B = 0.80), number of groups (k = 4), the number of repeated
measurements per subject (n_rep = 4), and the sample size was calculated as 80. Additionally, to be conservative, we
took into account a 20% dropout rate, totaling 100 subjects for the study.

Participants
Inclusion Criteria
(1) Fulfill the diagnostic standards for KOA according to both traditional Chinese and Western medical principles;®’
(2) Aged between 50 and 75 years old,;
(3) With radiological manifestations of K-L grade II-III of the disease;*®
(4) Voluntarily participate in this trial and sign the informed consent form.

Exclusion Criteria
(1) Patients who have undergone knee surgery with implants;
(2) Patients with knee joint infection and obvious swelling;
(3) Patients with mental illness who are unable to communicate;
(4) Patients with malignant tumors and bone metastasis;
(5) Patients who have undergone other treatment methods for knee joints within 3 months;
(6) Patients who are not suitable for sleep electroencephalogram (EEG) examination include those with severe scalp
injuries.

Drop-Out Criteria
(1) Inability to return for treatment due to any reason.
(2) Adverse events arising from the treatment.
(3) Participants who receive alternative intervention treatments for KOA or other interventions that may interfere with
the results of this study (for example, employing intra-articular or oral corticosteroids; having undergone knee
surgery, knee or hip replacement surgery, or tibial osteotomy; engaging in consistent physical activity).
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[ Participant recruitment ]

Inclusion criteria
Exclusion criteria
Drop-out criteria

[ Randomized(n=100) ]

TBHM group TBHM group TBHM group Joint Mobilization group
TBHM at 8 a.m. TBHM at 1 p.m. TBHM at 6 p.m. the time of appointment
(n=25) (n=25) (n=25) (n=25)

Interventions
(4 weeks, 5 days per week)

)

Assessment J

S

Effectiveness:
Visual Analog Scale”
Active range of motion Measurement
Electroencephalogram

Short Form-36

Hamilton Anxiety Rating Scale

Mechanism of action:
Melatonin Content in Saliva”

Follow-up 6 months
(3" month & 6™ month)

[ Statistical analysis ]

Figure | A concise flowchart of the entire study. “Primary outcomes, other indicators are secondary outcome.
Abbreviation: TBHM, Tissue-bone homeostasis manipulation.

Recruitment, Enrollment and Randomization Procedures

All patients with KOA who participate will be recruited from the Orthopedics or Rehabilitation Departments of Shanghai
Seventh People’s Hospital, as well as from the surrounding communities. Recruitment methods will encompass bedside
briefings by doctors, the posting of posters, online advertisements, and the distribution of flyers. We will discuss the study
details and considerations with potential participants. After patients voluntarily sign the informed consent form, they will
be invited to join the research. Recruitment is set to begin on July 1, 2025, with an expected enrollment of 100
participants by that time.

4164 s Journal of Pain Research 2025:18



Ma et al

Table | Schedule of Enrolment, Intervention and Assessments

Study Period

Enrollment | Allocation Post-Allocation Follow-up

Timepoint —1" week 0 I week | 2% week | 3 week | 4™ week | 3 month | 6™ month

Enrollment:

Eligibility screen S

Informed consent S

Demographic information

Randomization and Allocation \

Interventions:

TBHM at 8 a.m. < >

v

TBHM atl p.m. <

TBHM at 6 p.m. <

v

Joint Mobilization < >

Assessments (Effectiveness):

VAS

AROM

EEG

SF-36

< | 2| 2| & | <=
< | 2| 2| 2 | <=
< | 2| 2| & | <
< | 2| 2| & | <

HAMA

Assessments (Mechanism of action):

Melatonin Content in Saliva (3 a.m.) J J

Abbreviations: “\", things will be done; TBHM, tissue-bone homeostasis manipulation; VAS, visual Analog Scale; AROM, Active range of motion; EEG, electroencephalo-
gram; SF-36, Short Form-36; HAMA, Hamilton Anxiety Rating Scale.

In this study, we will adopt a stratified randomization strategy based on gender, age, and K-L grade to evenly allocate
100 eligible participants into four experimental groups in a 1:1:1:1 ratio. The specific stratified random sampling process
is as follows: Firstly, participants will be divided into male and female groups according to their gender. Secondly, within
the male and female groups, we will further categorize them into two age groups: those under 60 years old (<60 ages) and
those 60 years old and above (>60 ages). Subsequently, these two age groups, divided by gender, will be further
subdivided into four subgroups based on K-L grade (Grade II and Grade III), resulting in a total of eight subgroups.
Participants within these subgroups will then be randomly assigned to four TBHM groups at different time points (8 a.m.,
1 p.m., 6 p.m.) and a joint mobilization group. To ensure the fairness and accuracy of the final results, we will also
rearrange all participants into four new experimental groups, minimizing potential biases. The entire randomization
process will be conducted by an independent research assistant who has no direct contact with the participants and has
not participated in data collection. This assistant will use sealed opaque envelopes to hide the serial numbers to ensure
the fairness and accuracy of the random allocation.

Allocation Concealment and Blinding
In implementing the allocation concealment in the study, we adopted sealed opaque envelopes to hide the serial numbers,
ensuring the fairness of the allocation process. After all participants complete the baseline assessment, independent
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researchers will follow the established order to open the envelopes one by one, effectively preventing the occurrence of
selective bias. Given the intuitive nature of the TBHM and joint mobilization interventions, owing to the nature of the
intervention, it is inevitable that both therapists and patients will be aware of the allocation of the treatment. However, to
maintain the objectivity of the study, we have adopted a blinding strategy, ensuring that the evaluators and statisticians
responsible for data collection and final statistical analysis remain blind to the intervention allocation. This approach aims
to eliminate implementation bias and measurement bias, ensuring the accuracy of the study results. Importantly, these
evaluators and statisticians will not be involved in the recruitment process of participants, ensuring that they maintain an
objective and neutral attitude throughout the study.

Interventions

TBHM?>®

1) Muscle relaxation: The patient lies on the back and relaxes. The therapist applies the rolling, kneading and pressing
techniques to the muscles on the medial and lateral sides of the thigh as well as the posterior muscles of the calf, lasting
for approximately 5 minutes. 2) Acupoint pressing: Select acupoints such as “Liangqiu” (RN23), “Xuehai” (SP10),
“Neixiyan”, “Waixiyan”, “Yanglingquan” (GB34), “Zusanli” (ST36) and “Ashi” points for pressing, with the duration of
about 5 minutes. The pressing force should be within the tolerable range of each patient, avoiding causing pain, and it is
advisable to produce a sensation of soreness and the so-called “deqi” feeling. 3) Release of the infrapatellar fat pad: The
patient lies on the back and relaxes. The therapist first slightly bends the affected knee joint of the patient, places both
thumbs on the midpoint of the patellar tendon, and the remaining four fingers on the back of the knee joint. Subsequently,
the therapist lifts the heel of the affected side, presses firmly with both thumbs towards the femoral condyles, and
simultaneously lifts the affected leg to the knee extension position. 4) Manipulation of the patella: The patient lies on the
back and relaxes. The therapist places one thumb on the outer side of the patella to slightly fix it inwards. The palm of the
other hand is placed on the upper and lower edges of the patella and pushes it along its natural movement direction to the
maximum displacement. After maintaining for a few seconds, it returns to its original position, repeating the movement
three times. 5) Rotation of the tibia: The patient lies on the back and slightly flexes the knee joint. The therapist places
the affected thigh of the subject on the edge of the bed, places both thumbs on the inner and outer knee eyes, and the
remaining four fingers on the back of the popliteal fossa. Then, the tibia is rotated inward and outward to the maximum
extent, maintained for a few seconds and then relaxed. This manipulation is repeated three times.

Previous studies have shown that different exercise time points have different effects on melatonin secretion, mainly
in the morning and afternoon.?® In addition, from the perspective of subject compliance, this study set the intervention
time points of TBHM to three nodes: 8 am, 1 pm, and 6 pm.

These techniques are performed once a day, 5 days per week, with each session lasting 20 minutes, and the whole
treatment period is 4 weeks. During the process of manual intervention, communicate with the patients and adjust the
strength of the techniques in a timely manner.

Joint Mobilization

1) Long-axis Traction: The patient takes a sitting position with the affected knee flexed and the lower leg naturally
hanging over the edge of the bed. The therapist grasps the ankle joint of the affected side and pulls the lower leg in the
direction towards the foot. Each traction lasts for about 15 seconds and is repeated 5 times. 2) Anterior-Posterior Glide:
The patient takes a sitting position and flexes the affected leg to the maximum extent. The therapist uses his own bilateral
calves to firmly clamp and fix the patient’s lower leg in this position. The therapist places both hands on the front of the
proximal tibia. By leaning the upper body forward to transfer force while keeping the hands stationary, the therapist uses
the strength of the upper body to push the proximal tibia posteriorly. Each glide lasts for about 15 seconds and is repeated
5 times. 3) Posterior-Anterior Glide: The patient takes a supine position and keeps the affected hip and knee flexed. The
therapist sits on the affected side of the bed, places the thumb on the proximal tibia and the remaining four fingers in the
popliteal fossa. After the hands are properly fixed, the therapist leans backward, using the strength of the upper body to
push the tibia anteriorly. Each glide lasts for about 15 seconds and is repeated 5 times.
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These operations are performed once a day, 5 days per week. The complete treatment session lasts for 20 minutes
each time and the manipulation force is about grade 3 to 4, with the specific force adjusted according to the patient’s
tolerance. The whole treatment period lasts for 4 weeks. It should be noted that, unlike the TBHM group, the treatment
time of the joint mobilization group is determined according to each participant’s appointment time. The reason for
choosing joint mobilization as a routine control intervention is that previous studies have shown that joint mobilization
has been widely used in the clinical rehabilitation treatment of KOA and has become a routine and mature rehabilitation
treatment method. However, there are differences between joint mobilization and TBHM. The treatment of TBHM
focuses on the coordination of muscles and bones, loosening the muscles first and then adjusting the bones; while the
treatment of joint mobilization focuses on the adjustment of bones and then taking into account the loosening of muscles.
Moreover, it has been found in past studies that the treatment effect of joint mobilization does not vary significantly due
to differences in treatment time.*’

Outcome Measurements

The participants will be blindly assessed by other physical therapists according to the different evaluations shown in
Table 1 at different time points. In addition, baseline information including age, gender, symptoms, disease severity,
duration, prior treatments, and medication will be recorded using a questionnaire (at Week 0). All assessment scales in
Table 1 will also be recorded at Week 0, along with EEG and saliva sample collection. The saliva samples will be
collected at 3 a.m. The primary endpoint is at Week 4, with the same assessment and collection time points as Week 0.
Furthermore, we plan to conduct follow-up visits at the 3rd and 6th months after the completion of the intervention
measures to continuously monitor efficacy indicators such as VAS, ensuring that the time and location of assessment
remain consistent with the Oth week. All adverse effects will be documented in real-time throughout the study.

Effectiveness
Primary Outcomes

Visual Analog Scale (VAS). The VAS will be used as the primary outcome measure for evaluating the improvement of
knee joint pain.*’ In the context of musculoskeletal disorders, the VAS has proven to be reliable and valid.** To evaluate
the clinical significance of VAS score variations, the Minimal Clinically Important Difference (MCID) will be utilized,
and it has been set at 1.16 according to existing research.*' Participants will be evaluated according to the assessment
schedule of the experimental protocol and indicate their pain level on a number line ranging from 0 to 10.

Secondary Outcomes

Active Range of Motion Measurement (AROM). Active range of motion will be employed to assess pain relief and
restoration of motor function.** Under healthy conditions, joints possess a normal range of motion. However, the pain
induced by KOA frequently leads to abnormal movement patterns and consequently an abnormal range of joint motion.
Therefore, in this experiment, the change in the range of joint motion will be measured as an evaluation criterion.
Short Form-36 (SF-36). The SF-36 scale consists of 8 aspects and 35 items.** The score of this scale is positively
correlated with the quality of life. That is to say, the higher the score is, the better the quality of life will be. With the help
of the SF-36 scale, the changes in the health level of subjects before, during and after the intervention can be evaluated
comprehensively and objectively.

Electroencephalogram (EEG). The wireless portable electroencephalogram (EEG) acquisition device will be used to
record the EEG data of subjects before and after the intervention.**** Neural oscillations are endogenous rhythmic
electrophysiological activities in the brain and a characteristic of the brain state. According to their frequency ranges,
they can be mainly divided into delta oscillations (1-4 Hz), theta oscillations (4—8 Hz), alpha oscillations (8—12 Hz), beta
oscillations (15-30 Hz) and gamma oscillations (30-100 Hz).*> Among them, the theta and beta frequency bands are
related to KOA pain, and the alpha frequency band is related to sleep.*® Chronic pain can also disrupt normal brain
electrical activity. Studies have shown that patients with greater pain intensity and more severe KOA symptoms exhibit
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higher beta power and lower theta activity in the frontal central area. In contrast, subjects with lower KOA severity and
less pain show higher theta oscillation ability.*’ By monitoring and analyzing the percentage of energy occupied by each
frequency band of the EEG, pain degree of the subjects can be evaluated in a more objective manner. In the experiment,
during the data analysis process, the focus will be placed on the changes in power spectral density (PSD) of different
frequency bands and the functional connections between different brain regions.

Hamilton Anxiety Rating Scale (HAMA). The HAMA scale is a crucial tool for assessing the severity of anxiety,
encompassing 14 items that cover both psychic and somatic anxiety.*® This study utilizes the HAMA to evaluate
patients’ anxiety levels before and after treatment with TBHM, aiming to explore its effectiveness in relieving pain
and improving anxiety symptoms.*’

Mechanism of Action
Primary Outcomes

Melatonin Content in Saliva. Melatonin plays a crucial role in regulating the sleep-wake cycle of the human body. Saliva
samples can be used to evaluate the changes in melatonin levels.”® Since the secretion of melatonin is inversely
proportional to the intensity of light and the timing of exercise has a significant impact on the secretion of melatonin,
and its secretion reaches a peak between 3 a.m. and 4 a.m. Therefore, saliva samples are collected from participants at 3
a.m., and measuring the melatonin levels therein can help us understand the subjects’ melatonin secretion patterns and
further reveal their sleep-wake cycles. The saliva sampling method of the subjects was uniformly trained by professional
laboratory physicians for researchers or their immediate family members. When the subjects were inpatients, the
researchers collected the samples, and when they were outpatients, their immediate family members collected the
samples. The subjects were awakened by researchers or their immediate family members at 03:00 in the morning of
the next day and the samples were collected in a low-light environment (roughly the time for the peak of melatonin
secretion detection), and the saliva was collected into a sterile 10 mL polypropylene conical tube by passive drip method,
and then the samples were frozen at —80°C for subsequent analysis of the melatonin concentration in the saliva.?’
Salivary melatonin concentrations were measured by enzyme-linked immunosorbent assay (ELISA) (Jiancheng Nanjing).
Melatonin was extracted as per manufacturer protocol (Jiancheng Nanjing).

Safety and Adverse Events

During the study, the safety officer was responsible for documenting all adverse events that occurred in detail and
promptly reporting them to relevant departments. At the same time, we fully disclosed to all participants the potential
risks that might exist in the study and listed these risks in detail in the informed consent form to ensure that each
participant could make decisions based on a full understanding of the risks.

Statistical Analysis

Statistical analysis will be conducted using IBM SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). The results will be
analyzed using intention-to-treat (ITT) analysis, which interpolates using the last observation carried forward in case of
missing data. For normally distributed data, continuous variables will be described as mean =+ standard deviation, or for
non-normal distributions, continuous variables will be described as median and interquartile range, while categorical
variables will be described as frequencies. For continuous variables that satisfy the assumptions of normal distribution
and homogeneity of variance, we will use two-way repeated measures analysis of variance (ANOVA); if not, we will use
the Wilcoxon test. Categorical variables will be analyzed using the chi-square test. In addition, the correlation between
the primary and secondary outcomes with salivary melatonin levels was evaluated by Pearson correlation coefficient, and
the correlation coefficient was graded as follows: low correlation (r < 0.30), moderate correlation (0.30 < r < 0.60), and
high correlation (r > 0.60).>° Results will be considered statistically significant when the p-value is less than 0.05.
Furthermore, the preprocessing and analysis of EEG data will be performed using MATLAB 2022b software. The results
of the statistical analysis will be processed through IBM SPSS Statistics 25, and the final data visualization will be
achieved using the EEGLAB toolbox to facilitate our intuitive understanding and analysis of the data.
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Patient and Public Involvement

The research concept was developed by the research team. The proposal was prepared with contributions from patients with
KOA, physiotherapists, orthopedic doctors, and experts from the Shanghai Rehabilitation Medicine Society, all of whom
participated through face-to-face interviews. Additionally, based on feedback from the research protocol, any completely
unresolved concerns that were not addressed in the initially proposed draft will be revised and enhanced to guarantee the
intervention’s safety and suitability. Additionally, the dissemination of the standardized protocol, technical procedures, and
clinical applications will occur through peer-reviewed journals and the Shanghai Rehabilitation Medicine Society.

Discussion

KOA is a common chronic degenerative disease that severely affects the patient’s quality of life due to pain.’' Currently,
anti-inflammatory and analgesic drugs (including glucocorticoids and opioids®® as well as surgical interventions are
widely used in clinical practice, but these methods are often accompanied by problems such as drug addiction, drug
tolerance, and additional surgical risks. Traditional rehabilitation methods have limited efficacy in treating pain,
depression, and sleep disorders caused by KOA.>® It is worth noting that our team’s previous experiment has shown
that TBHM has superior therapeutic effects compared to conventional rehabilitation therapy.*”

Since KOA pain is the main cause of motor dysfunction,”* and pain is significantly influenced by sleep and circadian
rhythm,™ it is of great significance to explore the correlation between circadian rhythm and the treatment of KOA. Circadian
rhythm type is one of the main methods to assess individual circadian rhythm, and there are many ways to reflect circadian
rhythm to a certain extent, such as melatonin content in saliva: melatonin is secreted by the pineal gland, and its secretion shows
an obvious circadian rhythm, with the secretion amount at night being significantly higher than that in the daytime. It plays
a crucial role in regulating the sleep-wake cycle, etc.,”®>’ The change in the content of melatonin in saliva is closely related to
the body’s biological clock.”®> When the circadian rhythm is disrupted, the secretion pattern of salivary melatonin will also
change accordingly.®® Through the detection and analysis of relevant indicators such as salivary melatonin, it is helpful to gain
an in-depth understanding of the changes in the circadian rthythm of KOA patients, and then provide new ideas and bases for
the treatment of KOA. For example, personalized treatment plans can be formulated according to the characteristics of the
circadian rhythm. When the test results show that after TBHM intervention in the morning, the patient’s nocturnal melatonin
secretion is the highest, it indicates that the best time to arrange treatment in the morning. When other results are obtained,
a similar mechanism can be used to reasonably arrange the best treatment time, thereby better relieving pain, improving motor
dysfunction, and improving patients’ quality of life, and providing a reference for future KOA clinical guidelines.

This study aims to apply “circadian rhythm” as a guideline to select different times for administering TBHM. We will
utilize a comprehensive approach including EEG and measurement of melatonin levels in saliva to reveal the optimal
timing for implementing this technique, providing further guidance for clinical applications. Additionally, based on this
theory, we will also delve into the relevant brain mechanisms of TBHM in treating KOA.

While this study will provide valuable preliminary evidence, future research still needs to investigate the impact of
treatment at different time points on other biomarkers such as inflammatory factors and stress hormones, which will help
us gain a more comprehensive understanding of the mechanism of how circadian rhythm affects the treatment effect of
KOA. Additionally, long-term follow-up studies are also required to evaluate the long-term effectiveness of this time-
optimized treatment strategy and the sustained improvement in patients’ quality of life.
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