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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No
  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 07/01/2025


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  19
Number of Shots:  39

Introduction 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Michelle Goodrick: This research uses fNIRS to explore whether brain activity can be measured during three common yoga asanas, aiming to understand yoga’s neurological impact on the prefrontal cortex.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:2.9.2

What research gap are you addressing with your protocol?
1.2. Michelle Goodrick: This research addresses the gap in understanding how Yoga asana affects brain activity by utilizing mobile neuroimaging to measure brain function during movement, a previously limited area of study.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:3.1.2

What advantage does your protocol offer compared to other techniques?
1.3. Michelle Goodrick: fNIRS offers a key advantage by enabling brain activity measurement during movement and in natural settings, unlike fMRI and EEG, which are limited to static, controlled environments.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What research questions will your laboratory focus on in the future?
1.4. Edgar Guevara: Our lab will develop fNIRS methodologies to measure cognitive workload and treatment outcomes across diverse real-world contexts, including dyslexia therapy, yoga-based depression interventions, medical training, and manufacturing assembly tasks.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

Ethics Title Card

This research has been approved by Ethics Committee and  Institutional Review Boards at Coordinación para la Innovación y la Aplicación de la Ciencia y la Tecnología (CIACYT), Universidad Autónoma de San Luis Potosí [CIACYT-CEI-003]


Protocol  

2. Assessing Brain Responses to Yoga Poses with Functional Near Infrared Spectroscopy
Demonstrator: Michelle Goodrick
2.1. To begin, use the portable fNIRS (F-Nurs) device to collect data [1-TXT]. Position the light sources and detectors into the cap holders according to the bilateral prefrontal cortex layout provided by the manufacturer [2]. Maintain a source-detector separation of 3.0 centimeters for optimal cortical signal detection [3].
2.1.1. WIDE: Talent placing the functional near-infrared spectroscopy device on the table and turning it on. TXT: fNIRS (Functional Near-Infrared Spectroscopy): Tracks hemoglobin changes using 760 and 850 nm near-infrared light
2.1.2. Talent fitting light sources and detectors into the cap based on the layout diagram.
2.1.3. Close-up of the cap showing a 3.0-centimeter gap between source and detector units.
2.2. Include two short-separation channels spaced 1.0 centimeter apart to isolate cortical hemodynamic responses by regressing out superficial signals like scalp blood flow [1].
2.2.1. Talent inserting short-separation optodes into the cap.
2.3. Next, select four foundational Hatha Yoga postures to be used in the study, which form the core of Surya Namaskar, as they are widely practiced and allow assessment of inversions and back extensions [1].
2.3.1. Shot of printed images or digital references of the four selected yoga poses.
2.4. Design the experimental presentation in PowerPoint format with a visual and auditory guide for participants [1]. Ensure each slide displays a photo and the name of one posture in Spanish with its Sanskrit name in parentheses [2].
2.4.1. SCREEN: 68400_screenshot_1.mp4	00:31-00:42, 01:10-01:27, 02:20-02:30 
2.4.2. SCREEN: 68400_screenshot_2.mp4.	00:00-00:16
2.5. Cycle through postures B, C, and D every 30 seconds in random order during the presentation [1] while simultaneously calling out the posture names aloud [2]. Randomly intersperse the baseline posture between active poses to balance the sequence and reduce practice or habituation effects [3].
2.5.1. SCREEN: 68400_screenshot_3_Corrected.mp4.	00:09-00:37
2.5.2. Talent calling out each posture name out loud.
2.5.3. SCREEN: 68400_screenshot_4.mp4.	00:00-00:24
2.6. For data management and consistency, standardize all visual materials by adjusting image resolution and text style, and label each with both Spanish and Sanskrit posture names [1].
2.6.1. SCREEN: 68400_screenshot_5.mp4.	00:00-00:25
2.7. Ensure each participant can clearly view the presentation screen before starting [1]. Then introduce the active and baseline postures, describing their visual characteristics and alignment [2].
2.7.1. Shot of participant seated in front of the presentation screen with clear line of sight.
2.7.2. Talent using a pointer to describe Tadasana, Uttanasana, Adho Mukha Svanasana, and Urdhva Mukha Svanasana with reference images.
AND
TEXT ON PLAIN BACKGROUND:
Active and Baseline postures to be performed:
Tadasana - Mountain Pose (Baseline Posture): A standing upright, neutral posture
Uttanasana - Forward Bend (Active Posture): A forward fold from the hips with the head below the heart
Adho Mukha Svanasana - Downward-Facing Dog (Active Posture): An inverted V position, with hands and feet on the ground and hips elevated
Urdhva Mukha Svanasana - Upward-Facing Dog (Active Posture): Chest lifted in a back extension with the gaze moved upward

Video Editor: Please play both shots side by side
2.8. Prepare the experimental space by placing a yoga mat, wall-mounted rope system, and a visible presentation screen in front of the participant [1]. Confirm the screen is readable without blocking movement [2].
2.8.1. Talent setting up a yoga mat, rope wall and presentation screen in the designated space.
2.8.2. Talent adjusting the presentation screen for optimal visibility and checking alignment.
2.9. Now calibrate the fNIRS system by checking battery, functionality, and software compatibility [1]. Position the optodes on the participant’s scalp according to the international 10–20 (ten-Twenty) system and adjust for head shape and hair density [2]. 
2.9.1. Talent confirming battery levels and device connections.
2.9.2. Talent positioning optodes and adjusting cap fit.
2.10. Connect the fNIRS cap to the acquisition software using Bluetooth to monitor real-time signal acquisition during both pre- and post-resting states and throughout the yoga asana practice [1]. Use the system interface to verify signal quality parameters such as signal-to-noise ratio and scalp coupling index [2].
2.10.1. SCREEN: 68400_screenshot_8.mp4.	00:27-00:36, 00:40-00:47, 00:53-01:04
2.10.2. SCREEN: 68400_screenshot_6.mp4.	00:53-00:57

2.11. With the participant seated, confirm their feet are flat, hands on lap, and back supported [1]. Ask if they are comfortable before beginning [2].
2.11.1. Shot of the participant seated in chair with correct posture.
2.11.2. Talent speaking to participant and receiving a verbal confirmation.
2.12. Next, secure the optode cap with a chin strap [1] and use a bamboo stick to part hair for direct contact with scalp [2]. 
2.12.1. Talent fastening the optode cap with the chin strap.
2.12.2. Talent manually separating hair using a bamboo stick.
2.13. With the cap secured and the participant seated, instruct them to relax with their eyes closed to begin the pre-asana resting state measurement for 6 minutes [1]. Collect fNIRS data at 25 hertz during this time [2]. Use the acquisition software to assess signal quality through DAQ (dack) module [3-TXT].
2.13.1. Shot of participant seated calmly in a chair with eyes closed and body relaxed.
2.13.2. SCREEN: 68400_screenshot_9.mp4.	00:15-00:18, 00:30-00:40
2.13.3. SCREEN: 68400_screenshot_7.mp4.	 00:58-01:14
TXT: Periodically check the patient’s comfort
2.14. To ensure minimal movement, instruct participants not to move their eyebrows or touch their face and to avoid falling asleep during the resting state [1]. Afterward, ask participants if they accidentally fell asleep to verify data accuracy [2].
2.14.1. Talent quietly reminding participant of the stillness guidelines before starting the measurement.
2.14.2. Talent asking participant verbally after the rest period if they remained awake.
2.15. Once the first resting state is complete, remove the chair [1]. Have participants stand while confirming the signal remains stable [2]. Instruct them to follow the pre-programmed presentation, which progresses automatically with posture cues [3].
2.15.1. Talent removing the chair and participant standing in front of the screen.
2.15.2. SCREEN: 68400_screenshot_10.mp4	00:17-00:30
2.15.3. Participant beginning to follow the presentation displaying posture cues.
2.16. Provide verbal instructions as the presentation runs [1]. Manually record posture markers labelled A, B, C, and D using the event annotation feature in the acquisition software to timestamp each transition for data analysis [2].
2.16.1. Talent speaking the posture name aloud  as the slides change. 
2.16.2. SCREEN: 68400_screenshot_11.mp4.	00:24-00:57
2.17. After the active session, review that all posture markers were correctly matched with the corresponding slide transitions to ensure accurate data labeling [1].
2.17.1. SCREEN: 68400_screenshot_12_Corrected.mp4.	01:02-01:37
2.18. With the cap still secured and signal quality confirmed, instruct participants to sit again [1]. Then begin the post-asana resting state measurement with eyes closed for 6 minutes [2-TXT]. 
2.18.1. Shot of the participant seated in chair with eyes closed and posture relaxed.
2.18.2. SCREEN: 68400_screenshot_13.mp4. 	01:45-02:00	TXT: Collect data at 25 Hz
2.19. Wait 2 to 5 minutes post-asana to ensure system calibration and clear signals before beginning the post-resting measurement [1]. Remind participants to avoid movement and remain awake as in the earlier rest period [2], then begin the post-resting measurement [3]. 
2.19.1. SCREEN: 68400_screenshot_13.mp4.		00:53-01:10

2.19.2. Talent giving final reminders to participant to stay still and awake before initiating recording.
2.19.3. SCREEN: 68400_screenshot_14.mp4.	00:12-00:20


Results

3. Results 

3.1. The preliminary analysis of active channels revealed significant differences between control posture A and the postures B and C [1]. Posture B elicited significantly greater oxygenated hemoglobin responses relative to baseline posture, A,  across all measured channels [2]. Posture C also resulted in significantly elevated HbO responses relative to baseline posture A [3]. 
3.1.1. LAB MEDIA: Figure 5
3.1.2. LAB MEDIA: Figure 5A. Video editor: Highlight the lines corresponding to B
3.1.3. LAB MEDIA: Figure 5B. Video editor: Highlight the lines corresponding to C
3.2. Significant increases in prefrontal cortex activity were observed during all three active yoga postures compared to the baseline posture, with activity particularly pronounced in the right hemisphere [1].  Posture B induced the largest neural activation in the right inferior and medial prefrontal cortex [2]. Posture C resulted in bilateral prefrontal cortex activation [3].
3.2.1. LAB MEDIA: Figure 6	Video editor: Highlight the B, C,D images
3.2.2. LAB MEDIA: Figure 6A. Video editor: Highlight the dark red and orange thick bars 
3.2.3. LAB MEDIA: Figure 6B. Video editor: Highlight the multiple orange bars 
3.3. Posture D exhibited only one significant channel with a moderate increase in oxygenated hemoglobin concentration, suggesting the least impact on prefrontal cortex activity among all three postures [1].
3.3.1. LAB MEDIA: Figure 6C. Video editor: Highlight the single orange bar in the lower right region of the brain image 
3.4. Resting-state functional connectivity analysis showed a decrease in connectivity in the left medial prefrontal cortex after yoga asana practice, which is a region associated with the default mode network [1].
3.4.1. LAB MEDIA: Figure 6D. Video editor: Highlight the green lines 
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