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Short Abstract: should include a general description of the article (10 words minimum, 50 words maximum)The K_space Audio-Video System was designed and tested for use with magnetic resonance imaging (MRI)—from 1.5 to 7 Tesla. The K_space system serves two primary functions: 1) provide audio-video functional MRI stimulation for brain mapping, with research and clinical applications. 2) Delivery audio-video content, such as a movie or cartoon for comfort and distraction to a subject or patient undergoing any form of MRI. This is meant to relieve subject anxiety and reduce claustrophobia; thereby reducing or eliminating unwanted movement in the MRI. 
Long Abstract: (150 words minimum, 400 words maximum)
MRI is a burgeoning field, which has seen growth and expansion every year since it’s clinical debut over 25 years ago. Functional MRI (fMRI) is an expansion of MRI technology, which allows a clinician and or researcher to record and map the brain in near real-time.
The applications of the MRI and fMRI are tremendous and already include: 1) pre-surgical brain mapping for neurosurgery, 2) cognitive research, 3) research into all of aspects of human and animal psychology, including depression, ADHD, schizophrenia, PTST, and so on. There are two common trends in MRI, aside from expanding utilization and application; the first one is more powerful machines. MRI power is commonly distinguished by magnetic field strength, measured in Tesla (T). A 3T machine’s magnetic field is roughly 60,000 times greater than the earth’s magnetic field. Around 60% of all new MRI purchases and replacements are 3 Tesla, replacing older 1.5T machines. Also, around 50% of all new scanner purchasers express fMRI as important buying decision. The second trend is the use of higher resolution MRI coils—accessory devices that attach to the MRI machine and are placed over an area of anatomy for image enhancement. Most often, these coils are shaped to closely fit and match the appropriate anatomy. For example, a head and brain coil looks like a helmet. Over the years coils, in particular, head coils, have become increasingly small and tighter fitting or order to accommodate multiple channels and configurations. This trend has posed a problem for functional MRI, which seeks to achieve higher resolution images, while still being capable of providing audio-video stimulation. 
K_space solved these problems by designing and audio-visual device that it small enough and modular in nature to accommodate to tight fitting head coils (e.g., 32-channel Siemens Head Coil) while working in high field strength machines (e.g., Siemens 7T). Our device enables researchers and clinicians to use newer head coils for fMRI and structural MRI as opposed to structural alone. Testing and model data were acquired to ensure the K_space system fits between 75-85% of human heads with a 95% confidence. 
Protocol Text: 
1. Prepping Audio-Video System for Functional MRI
1.1.  Before positioning a research subject or patient into the MRI bore, one needs to setup and ready the audio-video system.
1.2.  Connect the audio-video visor and patient call button cables to the k_space MRI base station, which is located near the base of the MRI machine.
1.3.  Next, connect the base station fiber optic cable to the control room interface module via the scanner waveguide. Multiple configurations are possible depending on room type, but it is recommended to run the fiber cable through the MRI machine, over the ceiling and into the waveguide.
1.4. Power is supplied to the system via standard three-plug A/C connection (110V-250V, 50-60Hz are supported with appropriate adaptors), which immediately plugs into the control room interface module. A shielded power cable is then connected to the control room-side filter plate. Connections can be customized upon request, with standard set at DB-9. Next, connect appropriate end of shielded power cable to the MRI-side filter plate and the other end to the MRI base station.  
1.5.  Power on the system using power switch located on the k_space control room interface module. Then connect the interface module to any laptop or audio-video input device, such as a DVD/BlueRay palyer, iPod, and so foth (VGA, DVI connections are possible with appropriate adaptors). 
1.6. For functional MRI paradigm (e.g. language, motor, memory), ensure resolution is set to 800x600 pixels and adjust volume appropriately.  The k_space system is capable of 3D video presentation, and stereo sound, as each visor module is driven separately. 
1.7.  Finally, test the subject’s call button, located in the MRI room to ensure proper safety and patient communication during a scan. 
2.  Readying the Subject or Patient
2.1. Depending on a variety of factors, including cognitive ability, age, and mobility, it is first recommended to have the patient sit upright on the MRI scanner gurney.
2.2. The MRI researcher or technician can then help place the audio-video visor over the subjects’ head. Interpupillary and diopter vision adjustment knobs ensure quality display viewing and adjustment. If possible, it is best to have the subject make these adjustments him/herself. Independent eye diopter correction is available in the plus to minus 4 diopters. If additional adjustment is required accessory lenses can be added.
2.3. Next, help the subject insert his/her ear buds to allow for sound transmission during a scan. A variety of disposable earbuds, in an assortment of sizes, are available—find which one fits snugly and is the most comfortable. Active noise cancelation technology is built into the k_space system, thereby reducing unwanted scanner noise. 
2.4.  A call button is offered to the patient to alert the control room to an issue during a scan sequence. Dual microphones are built into the visor housing itself, thereby reducing size and offering a better fit in the MRI scanner and coil. The k_space system also includes volume and display contrast buttons, which allow the subject to make adjustment him or herself. Inform the subject of all features available before scanning.
3. Running a Scan
3.1. Once the subject is positioned on the gurney and loaded into the MRI bore, test volume and display quality with the subject, before initiating a scan sequence.
3.2. For a functional MRI protocol, the k_space can be synced directly with the scanner using an optional TTL connection module. This ensures appropriate scanner paradigm start and stop times. A second option is time start and stop times manually using normal scanner control features
3.3. 
3.4. 
A) Length – JoVE is not able to film an unlimited amount of content for a single video article.    Though there is no limit to the length of the protocol text in your submission, JoVE will only be able to film three pages of text formatted according to the example below.  If your protocol will exceed 3 pages, please highlight the steps and sections that you think are essential for filming.  
B) Style –  Your text protocol submission should be a step-by-step description of the experimental procedure.  Background information about the procedure should be introduced into the long abstract and not be included into the protocol text.  
Describe procedure in sufficient detail so that the work can be reproduced.   Please use complete sentences, and write with a style similar to the example below, so that the protocol sounds natural when read. Ultimately we will create a voiceover from this protocol for your video.  
C) Format – Your protocol should be formatted to closely match the example below, with major sections being given a single digit number and individual steps within each section being given a two digit number.   Single steps should not exceed 6 lines of text and a space should be inserted between steps of the protocol.  12 pt Arial, Calibiri, or Times New Roman font should be used throughout the document.   
Example:
2) Stabilizing Peptides for Cross-Linking
2.1)  Before solubilizing the HFIP-treated peptides for cross-linking reactions, one needs to prepare the cross-linking and quenching reagents. 

2.2)  Weigh out ammonium persulfate (APS, Mr 228.2 g/mol) and prepare a 20 mM solution in 10 mM sodium phosphate, pH 7.4. Mix using a vortex until the solution is clear.

2.3)  Prepare 1 mM solution of Tris(2,2-bipridyl)dichlororuthenium(II) hexahydrate (RuBpy, Mr 748.63 g/mol) in 10 mM sodium phosphate, pH 7.4. Mix using a vortex and verify complete dissolution. Protect the tube from light using aluminum foil.

2.4)  For SDS-PAGE analysis following cross-linking, a convenient quenching reagent is 5% β-mercaptoethanol in 2× SDS-PAGE sample buffer. Alternatively, 1 M dithiothreitol (DTT, Mr 154.5 g/mol) in deionized water or a suitable buffer can be used.

2.5)  HFIP-treated peptide films are dissolved in dilute NaOH first and then sodium phosphate buffer is added. Add 60 mM NaOH followed by deionized water into the tube containing the peptide film such that NaOH and water constitute 10 and 45% of the final volume, respectively. Scrape the peptide film off the inside walls of microfuge tube using the tip, mix by pipetting up and down, and sonicate for 5 min in a water-bath sonicator. 

Representative Results: – What happens when the protocol is done correctly?  What is the purity of your nucleic acid sample?  After performing a cell culture prep, how will the cells look in optimal conditions? What do your labeled cells look like when imaged in vivo using 2-photon laser microscopy? Please add a “representative” outcome to the protocol to show a viewer what a “good” or even “bad” result looks like.  If done correctly, and by implementing an appropriate task
Tables and Figures:  Please make sure that text in all tables or figures is made in Arial font.  Figures should be submitted separately as layered .tiff or .psd files at 300 dpi.   All tables and figures should be given an appropriate title and should have a corresponding figure legend.    
Discussion: Short discussion on critical steps, possible modifications, applications, significance, etc… Various applications are possible with this device and depending on the setup, study, or circumstances a variety of options exist.
The K_space system with technical modification can be made to include eye-tracking, have only audio or only video depending on the specific functional task at hand. Although, competitors exist, whereby goggle and projector bases systems make up the status quo, a significant void exists with new machines and higher-channel coils. K_space developed novel microelectricalmechanical systems (MEMS) and MRI shielding techniques to make its device as small as possible and fit as closely to the face to work in tighter spaces. This said, certain applications may require or be better suited to alternative stimulus means. For full-field visual studies a projector or LCD-based system is recommended. 
The K_space system is also unique in that it is designed to take up less desktop space in the MRI control room, while still being capable of future upgrade, all without having to add additional data or power cables. Once, installed, the system can be easily managed and merged with existing systems (e.g., Biopac, etc.).
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