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Short Abstract: 
In this article, we described the surgery procedure for implantation of polyimide based microelectrode array (PBM-array) on the mouse skull for acquisition of high resolution encephalography (EEG) in mouse model. The recording setup for signal acquisition and was also presented. 
Long Abstract: 
Electroencephalogram (EEG) indicates the averaged electrical activity of the neuronal populations on a large-scale level. It is widely utilized as a noninvasive brain monitoring method in cognitive science as well as a diagnostic tool for epilepsy and sleep disorders in neurology. Application of high-density EEG recordings enables the investigation of topographic changes of rhythmic or event related brain activities. In this article, the surgery and recording procedure for acquisition of high density EEG in mouse model is presented. The size issue of a mouse brain was solved by introducing flexible polyimide based microelectrode array (PBM-array) with a bifurcated structure. The PBM-array presented in this article has 40 channels of electrical contacts delivering high density electrode montages for mouse EEG. The PBM-array was designed to fit on the mouse skull and has an embedded connector for easy plug-in and out for connection in chronic applications. In the presented video, the preparation and surgery steps for the implantation of PBM-array on a mouse skull are described step by step. The recording setup for signal acquisition is also presented.

Text: 
Summary
C57BL/6J - 129S4/SvJae hybrid mice (12~15 weeks old) are anesthetized with ketamine (120 mg/kg i.p) and xylazine (6 mg/kg, i.p.) cocktail. Tail or toe pinching precedes the surgery to inspect the depth of anesthesia.1 The mouse is fixed by stereotaxic apparatus (David Kopf Instruments, Model 902, Calif, USA). The scalp is incised on the midline about 1 inch to expose the skull under the lidocaine treatment for pain reduction. Any debris on the skull is wiped off by saline-soaked cotton tips to enhance the adherence of the electrode to the skull. The bregma and lambda points are marked and set in the same horizontal plane.2 The polyimide based microelectrode array (PBM-array) is positioned so that its vertical midline meets the midline of the skull. The bregma point should be located at the middle of the 5th layer of the anterior of PBM-array. Two or three microscrews are used at the null space in the edge of skull to help secure the position of the electrode with dental cement. For propping the PBM-array connector, we position a strut on the middle of the head, and cover it with dental cement. After curing, the incised skin is sutured, and at least 5 days are given for recovery. During recovery, the mice are housed in individual cages with free access to food and water. After recovery, EEG recording is preformed. 

Procedure

1. Prepare the sterilized surgical instruments and stereotaxic apparatus. 

2. Anesthetize and then mount the mouse onto the sterotaxic apparatus by placing ear bars into the mouse’s ear canal and tightening it in place. After moisturizing the mouse’s head with ethanol, shave the fur off its head.

3. Incise the head about 1 inch with a scalp after applying a little amount of 2% lidocaine under the scalp. Pinch the skin with micro clamps (Fine Science Tools (USA), Inc., 18052-03, Calif, USA) to keep the incision wide open. Remove any remaining tissue or membrane from the skull with sterilized cotton swabs to avoid any infection. Using peroxide for removing the residue of the membrane is also effective.

4. Find the bregma and lambda points on the skull, and mark them with an oil-based marker pen. Place the PBM-array so that its vertical midline meets the midline of the skull. Position the bregma at the middle of the 5th layer of the anterior of PBM-array with one drop of tap water. Swab the film from the medial to lateral carefully for better adherence. In order to help the film stick tighter to the skull, the film should be completely dry on the skull. The film remains to be fixed on the skull by van der Waals force. When re-positioning the electrode, another drop of tap water is necessary to prevent the electrode from being torn.
5. Mark at least three positions on the open area of the skull, and then make holes in those locations using a dental drill for the positioning of the anchor microscrews. These microscrews mechanically support the dental cement on the skull. Extra caution is needed during drill. Since some area of the mouse skull is thinner than a half millimeter, hemorrhage can occur during drilling. 
6. Apply the dental acrylic cement with high viscosity only to cover the PBM-array, anchor screws, and the rest of the skull. 
7. Position a rigid stick as a strut on the middle of the head using strong glue (Loctite, Henkel Loctite Corp, Dublin, Ireland). Put double-sided adhesive tape on the back of the connector plane. Manipulate the PBM-array connector position to connect with the tip of the strut. The vertical distance between the skull and the connector should be more than 5 mm. Stick the connector plane and the tip of the stick using strong glue for better adhesion. 

8. Make sure that the dental cement is completely cured. Then apply the dental acrylic cement over the skull and the backside of the connector plane to secure the connector to the skull.

9. Remove the micro clamps. Suture incised skin with sterilized stitching fiber. Remove the mouse from the apparatus. You may apply extra dental acrylic cement to shield the exposed skull. Apply an antibiotic (sodium fusidate) around the cement and sutured area.

10. Place the mouse in a sterilized cage until it recovers its original body weight (approximately 5 to 7 days). It is recommended not to introduce any cage mates. 
11. After recovery, connect the mouse by a light-weight printed circuit board (PCB) connector to the headbox of a multichannel EEG amplifier system (Synamps2, North Carolina, USA) in its own cage. The connecting lines should be treated carefully so it does not get tangled.

12. After 1 hour of habituation, perform EEG recording. Scan 4.4. (North Carolina, USA) acquisition software was used in this experiment. Simultaneously record the video to see the behavior of the mouse.

13. Obtained signal is analyzed by MATLAB (MathWorks, Natick, MA, USA) to obtain the topographical brain map.
Discussion: 
Here we report surgical and recording procedures to acquire high-density EEG in freely moving mice. This method helps obtain functional brain maps of mice in rhythmic


3-4 ADDIN EN.CITE  or event related brain activities. The diameter of the electric contacts in the PBM-array is 500 cm and the center-to-center distance between the neighboring electrical contacts is 1 mm on average. Overall, the channel number, which is 40, and the density of the channels are optimized to collect region specific signals and localize the cortical activity without introducing invasive surgery. The adherence of the PBM-array is mainly determined by the thickness and structure of the PBM-array. Any thin film microelectrode with thickness thicker than 10 (m or one sheet type microelectrode is difficult to maintain its adherence to the skull. Since the PBM-array is extremely fragile, it is recommended to follow the detailed procedure exactly. Based on the dimension of our PBM-array, mice heavier than 25 g are adequate to use. Through the null space between branches in our PBM-array 4, one may introduce secondary electrodes for recording or stimulation purpose.
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