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Abstract. 
The pedicle approach for minimally invasive spinal interventions remains an interesting surgical task even after a decade of image-guided surgery in the spine, which has lead to a variety of computer-aided techniques using different imaging modalities.
We present the first clinical application of CAMC, a novel AR (augmented reality) system and our initial experience with imaging of the pedicle approach. Augmented reality is a technique that superimposes acquired patient data e.g. intra-operative imaging data in-situ. This means the imaging data is merged spatially registered with the real view of the region of interest. This creates an intuitive and ergonomic surgical navigation system that enhances minimally invasive procedures.
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1. Introduction
Pedicle screw placement in the lumbar and thoracic spine remains a difficult task in trauma surgery even after a decade of image-guided surgery in the spine, which has lead to a variety of computer-aided techniques using different imaging modalities [3,4,5].

Basic techniques developed from using anatomic descriptions of the entry points in different spinal levels and the typical directions for pedicle screws (“droit devant” [6]) and static x-ray control after instrumentation to intra-operative 2D-flouroscopic control; advanced techniques from CT-based surgical navigation to intra-operative Iso-C-3D-control [5,3].

We present the first clinical application of CAMC, a novel AR (augmented reality) system introduced by Navab et. al. [1], and our initial experience with pedicle screw placement in phantom and cadaver studies.




















Augmented reality is a technique that superimposes acquired patient data e.g. intra-operative imaging data in-situ. This means the imaging data is merged spatially registered with the real view of the region of interest. This creates an intuitive and ergonomic surgical navigation system that enhances minimally invasive procedures. In this case the X-ray image and optical image share same projection geometry allowing the surgeon to work under video augmented X-ray fluoroscopic control.
2. Methods
We set up a camera augmented mobile c-arm (CAMC) as described in the literature [1,2] and used it to perform pedicle screw placement under video control. After initial phantom studies we carried out two cadaver studies in different levels of the lumbar and thoracic spine using a percutaneous pedicle approach and evaluated the results by CT-control and  dissection.

The system hardware uses a prototypic Iso-C-3D fluoroscope (Siemens Medical Solutions, Erlangen) with an additionally attached CCD-camera. The optical axis of video and fluoroscope are aligned via a double mirror construction (Figure 1). After a one-time calibration, the system delivers registered video and x-ray images, which can be merged. 
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Fig. 1. setup scheme of the double mirror system
During the workflow, two markers for position control are attached. After taking a single x-ray-shot, the image is merged with the video image (Figure 2). Definition of the entry point and placement of the tool-tip accordingly are carried out under video-control (Figure 2). After alignment of the tool’s axis with the optical axis, drilling “down the beam” can be started (Figure 3). If markers do not coincide in video and x-ray images, the patient has moved and therefore a new x-ray image has to be taken.

3. Results

The described CAMC-system enables robust 2-dimensional AR-visualization of everyday surgical tasks with a modified mobile c-arm. The hardware-modifications in this prototype lead to a slightly reduced distance between radiation source and image intensifier; the c-arm has to be used in upside-down configuration. The one-time-calibration was stable during the whole series of experiments. Optical control of attached markers enables detection of possible errors or movement of the specimens.

During spinal interventions via pedicle approach a considerable reduction in flouroscopy time and thus radiation dose can be reduced, as a single-shot x-ray image is sufficient as soon as the pedicle axis is recognized. Nevertheless a new x-ray can be taken at any time for updating the intervention (movement, implants). Pedicle identification and needle insertion was possible in all cases. Modified instruments are required regarding the identification of the instrument axis (Figure 3) and tracking of the instrument enables the visualization of the tip of the instrument even after entering the surface (skin/draping).
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Fig. 2.  merged x-ray/video-image during percuntaneous spinal intervention (pedicle approach)
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Fig. 3.  external view of the procedure shown in figure 2; modified needle tool

As the CAMC-system is integrated into the mobile c-arm no extra hardware like external tracking cameras or additional monitors are needed, thus enhancing the imaging possibilities in the OR without major interference with the surgical workflow. Surgery can start right away without any registration procedures.
4. Conclusion
The camera augmented mobile c-arm (CAMC) proves to be an everyday surgical tool for minimally invasive procedures carried out under flouroscopic control. It enhances the surgeons vision creating an x-ray-view from the beginning of the operation (e.g. portal placement), while reducing radiation time by a significant amount.








C
ommonly used surgical instruments need modifications in order to identify the axis of the instruments under video-control.  Updated X-ray images can be obtained at any time during the intervention by taking a new fluoroscopic shot. The surgical workflow is not compromised and the user-interface provides intuitive control of the system. Further investigations needs to be done in order to create video-based surgical navigation system, which could make the use of multiple X-ray acquisitions and external tracking systems unnecessary.
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