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Background: Knee osteoarthritis (KOA) is a chronic degenerative disease characterized primarily by pain and joint dysfunction, especially during level and stair walking. Although traditionally classified as a peripheral joint disease, emerging evidence implicates central nervous system (CNS) abnormality in KOA pathogenesis. Our previous studies found that KOA patients showed decreased activation in sensory-motor cortex during isolated joint movements. However, it is not yet clear how brain activation patterns change during level and stair walking. Therefore, this study will investigate the sensory-motor cortex activation in KOA patients during different walking environments, providing evidence for potential targets for KOA central interventions.

Methods: This study is designed as a cross-sectional observation, aiming to recruit 20 KOA patients and 20 demographically similar healthy controls (HC). Functional near-infrared spectroscopy (fNIRS) is utilized to assess the hemodynamic responses in the cerebral cortex within the specified regions of interest (ROIs), including the primary somatosensory cortex (S1), primary motor cortex (M1), and somatosensory association cortex (SAC). These measurements will be taken during three motor tasks: level walking, ascending stairs, and descending stairs. Simultaneously, surface electromyography (sEMG) is employed to measure muscle activity of the key muscle groups around the knee joint. The VAS and the WOMAC used to evaluate pain and functional symptoms in KOA patients, respectively. Subsequently, the potential correlations between cerebral hemodynamics changes within ROIs and clinical indicators are analyzed.

Discussion: This study, based on “differential activation of the sensory-motor cortex under movement,” innovatively observes the relationship between pain and functional impairment in KOA patients and activation levels in specific brain regions across different motor environments. This not only provides a basis for early prediction of KOA onset but also offers potential targets for clinical interventions in KOA. Ultimately, the results of this study may open new perspectives for the rehabilitation of chronic musculoskeletal diseases.
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1 Introduction

Knee osteoarthritis (KOA) is a common chronic joint disease characterized by pain and functional limitations (Jang et al., 2021; Katz et al., 2021; Alves-Simões, 2022). Epidemiological studies indicate that the incidence of knee osteoarthritis significantly increases with age, particularly among the elderly over 65, where the prevalence rate can reach 50%–60% (Bryk and Starowicz, 2021). With disease progression, it not only severely reduces the quality of life for patients but also exerts a heavy economic burden on society (Wood et al., 2013; Cohen et al., 2021). Despite the fact that there are currently multiple treatment approaches for KOA, including pharmacological treatment, physical therapy and surgical intervention, these methods frequently have limitations such as drug-induced toxic effects on other organ systems (e.g., gastrointestinal, cardiovascular, and renal systems), variable efficacy, and long-term financial burdens associated with chronic medication use or postoperative rehabilitation (Michael et al., 2010; Mahmoudian et al., 2021; Gelber, 2024). Hence, in-depth studies on the pathogenesis of KOA and its related factors (e.g., neurological factors) are particularly crucial, which will facilitate our development of more effective treatment strategies (Primorac et al., 2020; Du et al., 2023).

At present, studies for KOA mainly concentrates on the clinical characteristics and pathophysiological changes, but relatively less attention is placed on changes in the central nervous system (Dell’Isola et al., 2016; Yang et al., 2023). With the advancement of research, researchers have gradually realized that KOA patients had changes in brain structure and function, and these changes are closely related to pain perception and dysfunction (Shanahan et al., 2015; Liu et al., 2019; Barroso et al., 2020; Kang et al., 2021; Cheng et al., 2022). Studies have demonstrated that significant changes have occurred in the brain morphology of patients with KOA, including reductions in gray matter volume and changes in white matter integrity and static activity (Kang et al., 2021; Cheng et al., 2022). A magnetic resonance imaging (MRI) study using voxel-based morphometry (a neuroimaging technique for detecting structural brain changes) discovered that KOA patients had a decreased gray matter in regions related to pain processing and emotion regulation, such as the anterior cingulate cortex and insula (Kang et al., 2021). These changes might be associated with the persistence of chronic pain and modifications in the mechanisms of pain perception and regulation. The same study using MRI found that significant alterations occurred in the activation sites of the motor cortex in patients with KOA during the execution of isometric motion, which were linked to modifications in motor functions and behaviors (Shanahan et al., 2015). The authors suggest that these changes could be a significant contributing factor to the impaired motor performance observed in patients with KOA. Furthermore, another study using electroencephalogram (EEG) revealed distinct event-related desynchronization (decreased cortical oscillations reflecting neural activation) and synchronization (increased rhythmic activity associated with inhibitory processes) patterns in the EEG of KOA patients performing motor imagery tasks compared to healthy individuals (Marques et al., 2023). These findings imply that the brain function of KOA patients may be affected by chronic pain and functional limitations, leading to decreased motor control and sensory function. Nevertheless, existing research focusing solely on the resting state have failed to capture the brain activation patterns associated with dynamic physical movement, which are essential for a comprehensive perspective on KOA.

During movement execution, joints are subjected to greater loads and pressures, requiring a higher degree of sensorimotor integration, which may trigger more pronounced pain perception and changes in the activation of related functional brain regions (Marriott et al., 2019; Hutchison et al., 2022; Pan et al., 2024). Investigating these activation changes not only enhances our understanding of the neural mechanisms of pain processing, but also reveal possible impairments in patients’ motor performance. In order to study the activation changes in brain regions under dynamic knee movements, our research group previously employed functional near-infrared spectroscopy (fNIRS) to observe the activation of sensory-motor related brain regions in KOA patients during isokinetic knee movement and ultimately found that these brain regions were in a state of low activation (Yang et al., 2024). Nevertheless, the aforementioned study was limited to observations in specific environments, which differed significantly from the real-life daily activity environment. Bishnoi’s investigation focused on understanding how confronting unexpected challenges during gait—specifically, perturbation walking—affects prefrontal cortical activation in older women diagnosed with osteoarthritis (Bishnoi et al., 2024). The study found that prefrontal cortex activation increased significantly during perturbation walking compared to comfort walking, and this increase was more significant in healthy elderly women. However, the author only observed activation of the prefrontal cortex, and this observation was limited to the treadmill, which was different from daily walking. To clarify the above circumstances, our research group intends to further understand the activation patterns of the sensorimotor cortex of KOA patients in a real walking environment, including level walking and stair walking. Dynamic loading during gait and stair walking, characterized by high volume and frequency, is a fundamental aspect of human daily activities (Andriacchi et al., 2009). Notably, functional mobility limitations are frequently reported as primary challenging aspects of their condition among patients with KOA (Katz et al., 2021).

This study adopts a cross-sectional research design and utilized fNIRS to investigate brain activities changes in KOA patients under different movement contexts. The specific objective is to analyze the correlation between these changes and the patients’ pain and functional scores. This will provide a more powerful theoretical basis for the central intervention programs for KOA patients.



2 Materials and methods


2.1 Study design

This study will adopt a cross-sectional study design comparing the differences in brain activation patterns and lower limb muscle activation patterns between KOA patients and Healthy controls (HC) during level and stair walking, and investigating their relationship with pain degree and dysfunction in KOA patients. A brief flowchart of the entire study is shown in Figure 1. The study protocol’s adherence to the STROBE checklist for cross-sectional studies signifies that all aspects of study design, execution, and reporting will follow established best practices for observational research (von Elm et al., 2008). The Ethics Committee of Shanghai Seventh People’s Hospital approved the study (2024-7th-HIRB-098), and it is registered with the Chinese Clinical Trial Registry (ChiCTR2400092793).
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FIGURE 1
A brief flowchart of the entire study. KOA, knee osteoarthritis; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; fNIRS, functional near-infrared spectroscopy; sEMG, surface electromyography.




2.2 Sample size calculation

The sample size for this study was determined through a priori power analysis performed using G*Power software (version 3.1.9.7) (Faul et al., 2007). Based on previous research, the study employed an Analysis of Variance (ANOVA) with repeated measures in the calculations. We expected an effect size of 0.40, an alpha error of 0.05 and a power level (1–β) of 0.20. The analysis indicated that at least 36 participants would be necessary to achieve an adequate cohort size for the study. Taking into account the participant dropouts rate 10%, the final sample size for this study was set at 40 individuals, with 20 participants allocated to each group. This sample size is considered adequate to generate reliable and valid outcomes for the research.



2.3 Participants

The study will be conducted in the Department of Rehabilitation at Shanghai Seventh People’s Hospital from August to September 2025. KOA patients will be recruited from the hospital’s outpatient clinics or nearby community health centers through posters displayed by doctors or therapists. Participants who express their interest in the study will be evaluated for eligibility to determine whether they meet the inclusion criteria for this research. At the same time, researchers will obtain consent in accordance with the principle of informed consent to confirm the voluntariness of the participants. The inclusion criteria: (1) age from 50 to 75 years; (2) KOA diagnosis following the American College of Rheumatology’s clinical criteria; (3) clinical and radiological signs in the right knee only; (4) Kellgren-Lawrence grade II or III; (4) chronic pain (present for no less than 3 months) exceeds 30 out of 100. The exclusion criteria: (1) a history of severe knee injury or rheumatic disorders; (2) a history of cerebrovascular disease, mental illness or brain metal implantation; (3) drug/alcohol abuse; (4) cognitive impairment or failure to cooperate. HC will be recruited from communities around the hospital via word-of-mouth and advertisements, who have no history of diseases affecting joints and brain. All individuals need to have a right lower limb dominance, determined by their kicking preference (Willems and Ponte, 2012). Before the study is carried out, all subjects are required to complete a written informed consent form in accordance with ethical review requirements.



2.4 Procedure

Before the experiment, the demographic data of all subjects will be first collected. We then explained the experimental process, test actions, and precautions to the participants. Adequate time will be provided for them to acclimate to the experimental process, ensuring a comprehensive understanding of the experimental requirements. Subsequently, fNIRS equipment and sEMG sensors will be affixed to each participant.

The experimental protocol consists of three distinct motor tasks: level walking, ascending stairs, and descending stairs. Participants will perform three tasks in a random order, with each task being repeated three times. There will be a 5 min interval between tests to allow participants to rest adequately and ensure that the fNIRS spectral signals of each test return to the baseline. Tests will be conducted on the KOA patients first, followed by the healthy controls. During the level walking, the patients will be instructed to walk at a normal, comfortable self-selected speed (SSS) for 30 s each time, with SSS defined as the average velocity from three timed baseline walks. The stair program evaluation will use standardized stairs under the same SSS conditions, maintaining consistent handrail non-use protocol across groups. The staircase consisted of 10 steps, with each step having a height of 12 cm, conforming to the standard specification for steps in China. To mitigate speed-related confounding effects, healthy controls will be pace-matched to the patient cohort’s average speed under the same conditions. A schematic overview of the experimental protocol is depicted in Figure 2. During the test, if the participant experiences any discomfort (e.g., dizziness, or falls), the testing will be immediately stopped and undergo medical evaluation of whether to continue.
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FIGURE 2
Schematic overview of the experimental protocol.




2.5 fNIRS data acquisition and preprocessing

A portable multi-channel wireless fNIRS device (Brite24, Artinis Medical Systems, Netherlands) will be employed to capture cerebral fNIRS signals to evaluate alterations in brain activity patterns during movement. Following the international 10–20 system for electrode placement, the Cz electrode location of participants is identified using three-dimensional digitizer (Patriot, Polhemus): the intersection of the sagittal plane (connecting the nasion and inion) and the coronal plane (linking bilateral preauricular points) defines the standardized positioning of the Cz electrode. This will allow channel positions to be mapped to the Montreal Neurological Institute (MNI) coordinate system, enabling precise spatial normalization across participants. Subsequently, we will measure the head circumference of each participant to select a suitable size head cap equipped with a fNIRS probe. The elastic cap with adjustable sliding mounts allowed dynamic adaptation of source-detector spacing (25–35 mm) based on real-time scalp coupling verification via optical intensity monitoring. This hybrid spatial referencing strategy adapts to changes in scalp curvature and hair density, ensuring optimal light penetration and signal-to-noise ratio.

This system enabled the measurement of oxygenated hemoglobin (HbO) and deoxygenated hemoglobin (HbR) (Ferrari and Quaresima, 2012). The system emits near-infrared light at 670 nm and 850 nm wavelengths with a 10 Hz sampling frequency. Each sensor within the apparatus comprises a light-emitting diode paired with a detector photodiode. In total, the configuration includes 10 light sources and eight detectors, resulting in the formation of 24 channels. As shown in Figure 3. The three-dimensional digital recording of fNIRS channel positions mainly covers six specific brain regions of interest (ROIs) in both hemispheres: primary somatosensory cortex (S1), primary motor cortex (M1), and somatosensory association cortex (SAC). These ROIs focused in this study play an important role in sensory processing and motor execution in the central nervous system (Anders et al., 2004; Bhattacharjee et al., 2020; Sansare et al., 2024). In addition, our previous studies have found that these regions are associated with changes in KOA (Yang et al., 2024).
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FIGURE 3
(A) Near-infrared spectroscopy-statistical parametric mapping toolbox (NIRS-SPM) channel configuration and numbering. (B) Schematic representation of fNIRS channel. fNIRS, functional near-infrared spectroscopy.


This study will use the near-infrared spectroscopy-statistical parametric mapping toolbox (NIRS-SPM) implemented in MATLAB to process raw light intensity data obtained from Oxysoft software. The hmrIntensity2OD function is used to convert the data to optical density after eliminating low-quality channels. Head motion artifacts are mitigated using moving standard deviation, spline interpolation, and wavelet artifact correction methods (Guan et al., 2024). The corrected signal is filtered with a bandpass filter to remove physiological noise. The optical density data is transformed into relative changes in HbO and HbR through the modified Beer-Lambert law. Because studies have demonstrated that the HbO concentration possesses a high signal-to-noise ratio, being the most sensitive indicator of local cerebral hemodynamic responses (Gagnon et al., 2012; Ohshima et al., 2023). Moreover, over time, it exhibits higher repeatability and stability (Strangman et al., 2002; Plichta et al., 2006). Therefore, HbO will be chosen as the follow-up analysis in this study. After data preprocessing, we will use the general linear model (GLM) in spectroscopy-statistical parametric mapping (SPM) to model the changes in the concentration of HbO, obtaining the regression coefficient β value for each task condition (Wei et al., 2024). The β value reflects the amplitude of the task-induced blood oxygen signal change and can be used as a quantitative indicator of the neural activation intensity in the corresponding channel region. The design matrix in the model incorporated block-based conditions (boxcar function) corresponding to the three motor tasks, which are convolved with the hemodynamic response function (HRF) to account for the temporal delay inherent in neural activity. Group-level analysis extracts the HbO concentration changes and β values in predefined brain ROIs for subsequent statistics.



2.6 sEMG data acquisition and preprocessing

A multi-channel wireless sEMG system (Ultium EMG, Noraxon, United States) will be employed to measure the activity of lower limb muscles during movement. This can reflect muscle activation and functional status. sEMG sensors are placed on the skin surface of target muscles to record the electrical signals generated during muscle contractions. Including a total of seven target muscles of right lower limb as follows: rectus femoris (RF), vastus medialis (VM), vastus lateralis (VL), biceps femoris (BF), tibialis anterior (TA), medial head of gastrocnemius (GM), and lateral head of gastrocnemius (GL). The sEMG sensor is placed at the most prominent part of the muscle belly, ensuring that the sensor positions did not interfere with normal movement. In addition, the sensor is wrapped with a skin membrane to prevent the sensor from loosening or falling during movement.

In this study, Script will be written using Matlab2019b version software to complete the batch processing of surface EMG data. Firstly, the EMG data will be filtered to eliminate various noises in the signal. Then, the DC bias is removed by means of deaveraging, followed by full-wave rectification of the pre-processed signal. The Hilbert transform is used to extract the signal envelope. To reduce individual differences, the Maximum Voluntary Contraction (MVC) will be used to normalize the EMG signals of each muscle (Chowdhury et al., 2013). The indices selected for this study included root mean square (RMS) and median frequency (MF) of frequency-domain features derived from fast Fourier transform.



2.7 Clinical scales

In the present study, the Visual Analog Scale (VAS) for pain is employed to assess clinical pain. Specifically, it is a self - reported means for patients to estimate their perception of knee pain on a scale ranging from 0 to 10 (He et al., 2022). KOA symptoms are assessed using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), a specific index for osteoarthritis that ranges from 0 to 96. It is derived from the combined quantitative assessments of knee pain, stiffness, and function (Gandek, 2014). VAS and WOMAC will be assessed before exercise.



2.8 Statistical analysis

The statistical analysis of this study covers clinical indicators, muscle and brain activation. Statistical analysis will be conducted on clinical indicators and muscle activation using SPSS 21.0 Software (IBM Corporation, New York, United States). Continuous variables with normal distribution will be presented as mean ± standard deviation, while non-normally distributed variables will be shown as median and quartiles. Categorical variables will be reported as frequency. The normality test will be performed using Shapiro-Wilk test. An independent t-test is applied when demographic data follow a normal distribution. Otherwise, the Mann–Whitney’s U test will be applied. The Chi-square test will be used to compare sex. Muscle activation in different groups (KOA and HC) and tasks (level walking, ascending stairs, and descending stairs) will be analyzed using mixed ANOVA or non-parametric tests (for non-normality). For brain activation analyses, a flexible factorial design (FFD) in SPM will be employed to construct a mixed-effects model including groups (inter-subject factors) and tasks (intra-subject factors) to evaluate group main effects, task main effects and their interactions. SPM will be thresholded with cluster-level false discovery rate (FDR) correction (p < 0.05). To explore the correlation between brain activation (HbO concentration and β value) and clinical indicators (VAS and WOMAC) in KOA patients, a multiple linear regression analysis will be performed to calculate the Pearson correlation coefficient and RMS value. Additionally, a non-linear regression prediction based on the random forest algorithm will be used to assess the importance of regression between various brain regions, muscle characteristics, and clinical indicators. All statistical tests will use a significance level of 0.05, with corrections for multiple comparisons made using the Bonferroni adjustment.




3 Discussion

This study systematically explores the differences in sensory-motor cortex activation patterns in patients with KOA under different walking environments. Specifically, it compares neural activation characteristics during level and stair walking. Using fNIRS, the research will reveal changes in brain activation in KOA patients across different exercise environments, providing new insights into the pathological mechanisms of KOA. In addition, this study will provide potential targets for clinical intervention in KOA by investigating the connection between changes in patient brain activation and clinical indicators.

The feasibility of this study is underpinned by the robust methodology and the use of advanced neuroimaging techniques. The fNIRS system, with its ability to measure hemodynamic changes in the brain, offers a non-invasive and portable means of assessing cortical activation (Menant et al., 2020; Huo et al., 2023). Unlike fMRI, which imposes strict motion restrictions and requires a shielded laboratory environment, fNIRS enables non-invasive monitoring of cortical hemodynamic responses in naturalistic settings, including free movement and social interactions (Pereira et al., 2023). Cao et al. (2025) used FNIRS to study the brain activation characteristics of anterior cruciate ligament reconstruction (ACLR) patients during a repetitive upstairs task. The research results indicate that ACLR patients exhibit significant negative activation in the ipsilateral pre-motor cortex, supplementary motor cortex, and primary somatosensory cortex, while this feature was not observed in healthy individuals. The author believes that interventions targeting these brain regions may represent a novel rehabilitation approach. Another study used fNIRS to collect brain activation from KOA patients and healthy people while walking under exercise, and found that compared with comfortable walking, KOA patients had a significant increase in activation of the prefrontal cortex during disturbed walking, and this increase was more significant in healthy elderly women (Bishnoi et al., 2024). fNIRS portability and tolerance to motion artifacts make it ideal for investigating dynamic processes in real-world scenarios (Zinos et al., 2024). In addition, this study combined with sEMG measuring muscle activity could comprehensively evaluate the motor and functional status in KOA patients (Wang et al., 2023; Huang et al., 2025). This provides a physiological basis for near-infrared brain functional imaging, revealing the complex interaction mechanisms between peripheral muscles and the central nervous system in motor control, and analyzing nervous system adaptation processes at the muscle level. Huang et al. (2025) used fNIRS and sEMG technology to study the complex relationship between brain activation and muscle activation in healthy subjects while performing lower-limb exercise tasks. The results found a significant correlation between brain and muscle activation, highlighting the complex interaction between central and peripheral nervous mechanisms in motor control. The authors believe that these findings are important for clarifying motor control mechanisms and designing effective rehabilitation strategies. Clinically, this study holds significant promise for improving the management of KOA. By identifying specific brain regions that show altered activation patterns, we can potentially develop targeted interventions that address both the physical and neurological aspects of the disease. This could lead to more personalized treatment plans, enhancing patient outcomes and quality of life. A preliminary study by Hyochol et al. using fNIRS to measure the effects of transcranial direct current stimulation on patients with KOA has shown that central intervention is feasible and effective for KOA patients (Ahn et al., 2020). This study, by exploring the relationship between the clinical symptoms of patients with KOA and the relevant brain regions, may also contribute to the development of early predictive markers for KOA onset, facilitating timely interventions and better disease management.

However, this study also has its limitations. The cross-sectional design means that we cannot establish causality between brain activation patterns and KOA progression. Additionally, uncontrolled speed differences may confound neuromuscular and cortical activation patterns despite standardized pacing. Finally, the study is limited to a specific age range and severity of KOA, which may not be representative of all patient populations. Future studies should adopt longitudinal design to track dynamic neural adaptations relative to disease progression. Integrating speed as a covariate into a multivariate model to analyze its confounding effects. Large-sample stratified design that includes a broader age range and varying severities of KOA could provide more comprehensive insights into the disease’s impact on brain and muscle function.

In summary, this study aims to provide a detailed understanding of the brain activation patterns in KOA patients during different walking tasks. The innovative use of fNIRS and sEMG, combined with a robust methodology, ensures the feasibility and clinical relevance of this research. While the study has its limitations, the findings have the potential to significantly advance our understanding of KOA and inform the development of more effective intervention strategies.



Ethics statement

The studies involving humans were approved by Research Ethics Committee of Shanghai Seventh People’s Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants or their legal guardians.



Author contributions

QD: Conceptualization, Writing – original draft, Writing – review and editing. GJ: Conceptualization, Writing – original draft, Writing – review and editing. XL: Conceptualization, Formal Analysis, Methodology, Writing – review and editing. YD: Conceptualization, Methodology, Writing – review and editing. HX: Conceptualization, Methodology, Writing – review and editing. KY: Conceptualization, Formal Analysis, Methodology, Supervision, Writing – review and editing. BL: Conceptualization, Formal Analysis, Supervision, Writing – review and editing. LJ: Conceptualization, Formal Analysis, Methodology, Project administration, Resources, Supervision, Writing – review and editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Key Discipline Project of Shanghai Municipal Health Commission (Grant No. 2024ZDXK0038), General Project of Science and Technology Committee of Pudong New Area, Shanghai (Grant No. PKJ2023-Y61), and New Quality Clinical Specialty Program of High-end Medical Disciplinary Construction in Shanghai Pudong New Area (Grant No. YC-2023-0601).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

Ahn, H., Galle, K., Mathis, K., Miao, H., Montero-Hernandez, S., Jackson, N., et al. (2020). Feasibility and efficacy of remotely supervised cranial electrical stimulation for pain in older adults with knee osteoarthritis: A randomized controlled pilot study. J. Clin. Neurosci. 77, 128–133. doi: 10.1016/j.jocn.2020.05.003

Alves-Simões, M. (2022). Rodent models of knee osteoarthritis for pain research. Osteoarthritis Cartilage. 30, 802–814. doi: 10.1016/j.joca.2022.01.010

Anders, S., Birbaumer, N., Sadowski, B., Erb, M., Mader, I., Grodd, W., et al. (2004). Parietal somatosensory association cortex mediates affective blindsight. Nat. Neurosci. 7, 339–340. doi: 10.1038/nn1213

Andriacchi, T., Koo, S., and Scanlan, S. (2009). Gait mechanics influence healthy cartilage morphology and osteoarthritis of the knee. J. Bone Joint Surg. Am. 91(Suppl. 1), 95–101. doi: 10.2106/JBJS.H.01408

Barroso, J., Wakaizumi, K., Reis, A., Baliki, M., Schnitzer, T., Galhardo, V., et al. (2020). Reorganization of functional brain network architecture in chronic osteoarthritis pain. Hum. Brain Mapp. 42, 1206–1222. doi: 10.1002/hbm.25287

Bhattacharjee, S., Kashyap, R., Abualait, T., Annabel Chen, S., Yoo, W., and Bashir, S. (2020). The role of primary motor cortex: More than movement execution. J. Mot. Behav. 53, 258–274. doi: 10.1080/00222895.2020.1738992

Bishnoi, A., Hu, Y., and Hernandez, M. (2024). Perturbation walking effects on prefrontal cortical activation and walking performance in older women with and without osteoarthritis: A FNIRS study. Front. Aging Neurosci. 16:1403185. doi: 10.3389/fnagi.2024.1403185

Bryk, M., and Starowicz, K. (2021). Cannabinoid-based therapy as a future for joint degeneration. Focus on the role of CB2 receptor in the arthritis progression and pain: An updated review. Pharmacol. Rep. 73, 681–699. doi: 10.1007/s43440-021-00270-y

Cao, Z., Zhang, H., Wu, X., Zhang, Y., Yu, J., and Li, W. (2025). Brain near-infrared study of upstairs movement after anterior cruciate ligament reconstruction. Front. Neurol. 15:1500579. doi: 10.3389/fneur.2024.1500579

Cheng, S., Dong, X., Zhou, J., Tang, C., He, W., Chen, Y., et al. (2022). Alterations of the white matter in patients with knee osteoarthritis: A diffusion tensor imaging study with tract-based spatial statistics. Front. Neurol. 13:835050. doi: 10.3389/fneur.2022.835050

Chowdhury, R., Reaz, M., Ali, M., Bakar, A., Chellappan, K., and Chang, T. (2013). Surface electromyography signal processing and classification techniques. Sensors 13, 12431–12466. doi: 10.3390/s130912431

Cohen, S., Zhuang, T., Xiao, M., Michaud, J., Amanatullah, D., and Kamal, R. (2021). Google trends analysis shows increasing public interest in platelet-rich plasma injections for hip and knee osteoarthritis. J. Arthroplasty 36, 3616–3622. doi: 10.1016/j.arth.2021.05.040

Dell’Isola, A., Allan, R., Smith, S., Marreiros, S., and Steultjens, M. (2016). Identification of clinical phenotypes in knee osteoarthritis: A systematic review of the literature. BMC Musculoskelet Disord. 17:425. doi: 10.1186/s12891-016-1286-2

Du, X., Liu, Z., Tao, X., Mei, Y., Zhou, D., Cheng, K., et al. (2023). Research progress on the pathogenesis of knee osteoarthritis. Orthop. Surg. 15, 2213–2224. doi: 10.1111/os.13809

Faul, F., Erdfelder, E., Lang, A., and Buchner, A. (2007). G*Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences. Behav. Res. Methods 39, 175–191. doi: 10.3758/bf03193146

Ferrari, M., and Quaresima, V. (2012). A brief review on the history of human functional near-infrared spectroscopy (fNIRS) development and fields of application. Neuroimage 63, 921–935. doi: 10.1016/j.neuroimage.2012.03.049

Gagnon, L., Yücel, M., Dehaes, M., Cooper, R., Perdue, K., Selb, J., et al. (2012). Quantification of the cortical contribution to the NIRS signal over the motor cortex using concurrent NIRS-fMRI measurements. Neuroimage 59, 3933–3940. doi: 10.1016/j.neuroimage.2011.10.054

Gandek, B. (2014). Measurement properties of the Western Ontario and McMaster Universities Osteoarthritis Index: A systematic review. Arthritis Care Res. 67, 216–229. doi: 10.1002/acr.22415

Gelber, A. (2024). Knee osteoarthritis. Ann. Intern. Med. 177, ITC129–ITC144. doi: 10.7326/ANNALS-24-01249

Guan, S., Li, Y., Luo, Y., Niu, H., Gao, Y., Yang, D., et al. (2024). Disentangling the impact of motion artifact correction algorithms on functional near-infrared spectroscopy-based brain network analysis. Neurophotonics 11:045006. doi: 10.1117/1.NPh.11.4.045006

He, S., Renne, A., Argandykov, D., Convissar, D., and Lee, J. (2022). Comparison of an emoji-based visual analog scale with a numeric rating scale for pain assessment. JAMA 328, 208–209. doi: 10.1001/jama.2022.7489

Huang, R., Shang, W., Lin, Y., Liang, F., Yin, M., Lu, X., et al. (2025). Interplay between cerebral and muscular activations during motor tasks: An fNIRS-sEMG study. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. 2024, 1–6. doi: 10.1109/EMBC53108.2024.10782412

Huo, C., Xu, G., Xie, H., Chen, T., Shao, G., Wang, J., et al. (2023). Functional near-infrared spectroscopy in non-invasive neuromodulation. Neural Regen Res. 19, 1517–1522. doi: 10.4103/1673-5374.387970

Hutchison, L., Grayson, J., Hiller, C., D’Souza, N., Kobayashi, S., and Simic, M. (2022). Relationship between knee biomechanics and pain in people with knee osteoarthritis: A systematic review and meta-analysis. Arthritis Care Res. 75, 1351–1361. doi: 10.1002/acr.25001

Jang, S., Lee, K., and Ju, J. (2021). Recent updates of diagnosis, pathophysiology, and treatment on osteoarthritis of the knee. Int. J. Mol. Sci. 22:2619. doi: 10.3390/ijms22052619

Kang, B., Ma, J., Shen, J., Xu, H., Wang, H., Zhao, C., et al. (2021). Altered brain activity in end-stage knee osteoarthritis revealed by resting-state functional magnetic resonance imaging. Brain Behav. 12:e2479. doi: 10.1002/brb3.2479

Katz, J., Arant, K., and Loeser, R. (2021). Diagnosis and treatment of hip and knee osteoarthritis: A review. JAMA 325, 568–578. doi: 10.1001/jama.2020.22171

Liu, J., Chen, L., Tu, Y., Chen, X., Hu, K., Tu, Y., et al. (2019). Different exercise modalities relieve pain syndrome in patients with knee osteoarthritis and modulate the dorsolateral prefrontal cortex: A multiple mode MRI study. Brain Behav. Immun. 82, 253–263. doi: 10.1016/j.bbi.2019.08.193

Mahmoudian, A., Lohmander, L., Mobasheri, A., Englund, M., and Luyten, F. (2021). Early-stage symptomatic osteoarthritis of the knee - time for action. Nat. Rev. Rheumatol. 17, 621–632. doi: 10.1038/s41584-021-00673-4

Marques, L., Castellani, A., Barbosa, S., Imamura, M., Battistella, L., Simis, M., et al. (2023). Neuroplasticity changes in knee osteoarthritis (KOA) indexed by event-related desynchronization/synchronization during a motor inhibition task. Somatosens Mot. Res. 41, 149–158. doi: 10.1080/08990220.2023.2188926

Marriott, K., Birmingham, T., Leitch, K., Pinto, R., and Giffin, J. (2019). Strong independent associations between gait biomechanics and pain in patients with knee osteoarthritis. J. Biomech. 94, 123–129. doi: 10.1016/j.jbiomech.2019.07.015

Menant, J., Maidan, I., Alcock, L., Al-Yahya, E., Cerasa, A., Clark, D., et al. (2020). A consensus guide to using functional near-infrared spectroscopy in posture and gait research. Gait Posture 82, 254–265. doi: 10.1016/j.gaitpost.2020.09.012

Michael, J., Schlüter-Brust, K., and Eysel, P. (2010). The epidemiology, etiology, diagnosis, and treatment of osteoarthritis of the knee. Dtsch Arztebl Int. 107, 152–162. doi: 10.3238/arztebl.2010.0152

Ohshima, S., Koeda, M., Kawai, W., Saito, H., Niioka, K., Okuno, K., et al. (2023). Cerebral response to emotional working memory based on vocal cues: An fNIRS study. Front. Hum. Neurosci. 17:1160392. doi: 10.3389/fnhum.2023.1160392

Pan, J., Fu, W., Lv, J., Tang, H., Huang, Z., Zou, Y., et al. (2024). Biomechanics of the lower limb in patients with mild knee osteoarthritis during the sit-to-stand task. BMC Musculoskelet Disord. 25:268. doi: 10.1186/s12891-024-07388-z

Pereira, J., Direito, B., Lührs, M., Castelo-Branco, M., and Sousa, T. (2023). Multimodal assessment of the spatial correspondence between fNIRS and fMRI hemodynamic responses in motor tasks. Sci. Rep. 13:2244. doi: 10.1038/s41598-023-29123-9

Plichta, M., Herrmann, M., Baehne, C., Ehlis, A., Richter, M., Pauli, P., et al. (2006). Event-related functional near-infrared spectroscopy (fNIRS): Are the measurements reliable? Neuroimage 31, 116–124. doi: 10.1016/j.neuroimage.2005.12.008

Primorac, D., Molnar, V., Rod, E., Jeleč, Ž, Čukelj, F., Matišić, V., et al. (2020). Knee osteoarthritis: A review of pathogenesis and state-of-the-art non-operative therapeutic considerations. Genes 11:854. doi: 10.3390/genes11080854

Sansare, A., Magalhaes, T., and Bernard, J. (2024). Relationships of functional connectivity of motor cortex, primary somatosensory cortex, and cerebellum to balance performance in middle-aged and older adults. Neurobiol. Aging 147, 1–11. doi: 10.1016/j.neurobiolaging.2024.11.009

Shanahan, C., Hodges, P., Wrigley, T., Bennell, K., and Farrell, M. (2015). Organisation of the motor cortex differs between people with and without knee osteoarthritis. Arthritis Res. Ther. 17:164. doi: 10.1186/s13075-015-0676-4

Strangman, G., Culver, J., Thompson, J., and Boas, D. (2002). A quantitative comparison of simultaneous BOLD fMRI and NIRS recordings during functional brain activation. Neuroimage 17, 719–731. doi: 10.1006/nimg.2002.1227

von Elm, E., Altman, D., Egger, M., Pocock, S., Gøtzsche, P., Vandenbroucke, J., et al. (2008). The Strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for reporting observational studies. J. Clin. Epidemiol. 61, 344–349. doi: 10.1016/j.jclinepi.2007.11.008

Wang, X., Luo, Z., Zhang, M., Zhao, W., Xie, S., Wong, S., et al. (2023). The interaction between changes of muscle activation and cortical network dynamics during isometric elbow contraction: A sEMG and fNIRS study. Front. Bioeng. Biotechnol. 11:1176054. doi: 10.3389/fbioe.2023.1176054

Wei, L., Chen, Y., Chen, X., Baeken, C., and Wu, G. (2024). Cardiac vagal activity changes moderated the association of cognitive and cerebral hemodynamic variations in the prefrontal cortex. Neuroimage 297:120725. doi: 10.1016/j.neuroimage.2024.120725

Willems, M., and Ponte, J. (2012). Divergent muscle fatigue during unilateral isometric contractions of dominant and non-dominant quadriceps. J. Sci. Med. Sport 16, 240–244. doi: 10.1016/j.jsams.2012.06.005

Wood, A., Brock, T., Heil, K., Holmes, R., and Weusten, A. (2013). A review on the management of hip and knee osteoarthritis. Int. J. Chronic Dis. 2013:845015. doi: 10.1155/2013/845015

Yang, J., Jiang, T., Xu, G., Wang, S., and Liu, W. (2023). Exploring molecular mechanisms underlying the pathophysiological association between knee osteoarthritis and sarcopenia. Osteoporos Sarcop. 9, 99–111. doi: 10.1016/j.afos.2023.08.005

Yang, K., Ding, Y., Chu, L., Cheng, C., Yu, X., Xu, H., et al. (2024). Altered activation patterns of the sensory-motor cortex in patients with knee osteoarthritis during knee isokinetic movement at different speeds. Front. Bioeng. Biotechnol. 12:1444731. doi: 10.3389/fbioe.2024.1444731

Zinos, A., Wagner, J., Beardsley, S., Chen, W., Conant, L., Malloy, M., et al. (2024). Spatial correspondence of cortical activity measured with whole head fNIRS and fMRI: Toward clinical use within subject. Neuroimage 290:120569. doi: 10.1016/j.neuroimage.2024.120569


Copyright
 © 2025 Deng, Jin, Lou, Ding, Xu, Yang, Liu and Jiang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnagi-17-1589645-g003.jpg
A

Receiver ID
O  Transmitter ID
O Channel ID

[Artinis] NIRS-SPM channel configuration and numbering

Tx1 Rx1-Tx1 Rx1 Rx1-Tx2 T/>,<2
@ @ @ @ ®
Rx2-Tx1 Rx1-Tx3 Rx3-Tx2
® @ ®
Rx2 Rx2-Tx3 Tx3 Rx3-Tx3 Rx3
\4/ @ (5> @ @'
Rx2-Tx4 Rx4-Tx3 Rx3-Tx5
©
Tx4 Rx4-Tx4 Rx4 Rx4-Tx5 Tx5
@ @ ® @ 9
Tx6 RX5-Tx6 Rx5 RX5-Tx7 x7
(19 @3 @) ) @)
Rx6-Tx6 Rx5-Tx8 Rx7-Tx7

@3 @

Rx6 Rx6-Tx8 Tx8 Rx7-Tx8 Bx]
@3 a8 &) a9 as
Rx6-Tx9 Rx8-Tx8 Rx7-Tx10

@ @

Tx9 Rx8-Tx9 Rx8 Rx8-Tx10 Tx10
@ @ @ @ a8
| 1 1
0 3 6

frontal






OPS/images/fnagi-17-1589645-g002.jpg
¥

End





OPS/images/fnagi-17-1589645-g001.jpg
Recruitment and screening

v

KOA patients (n=20 )

b

Healthy controls (n=20 )

T

Level walking

A4

Ascending stairs

|

Descending stairs

| I
Pain Function
VAS WOMAC

!

Measurement

o
S S S S WS W e e e

Date collection and statistical analysis






OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Differences in sensory-motor cortex activation patterns during level and stair walking in patients with knee osteoarthritis: protocol for a cross-sectional study



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Sample size calculation



		2.3 Participants



		2.4 Procedure



		2.5 fNIRS data acquisition and preprocessing



		2.6 sEMG data acquisition and preprocessing



		2.7 Clinical scales



		2.8 Statistical analysis







		3 Discussion



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Aging Neuroscience

Differences in sensory-motor
cortex activation patterns
during level and stair walking
in patients with knee
osteoarthritis: protocol
for a cross-sectional study












OPS/images/logo.jpg
’ frontiers | Frontiers in Aging Neuroscience







