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Summary

Cranioplasty procedures are typically performed to remove tumors from the brain. As such, this process
involves removing a section of the skull in order to access and resect the tumor. However, when
concluding this type of procedure, the original skull fragment often cannot be used to fill up the defect.
When initially removing the fragment, a large percentage of it turns into bone dust, rendering the
fragment unusable. Currently, reconstructive surgeons, like Dr. Gordon, will modify a preoperatively
designed implant by trial and error until the defect is covered. The new solution that Dr. Gordon, Dr.
Armand, and Ryan Murphy are developing involves identifying the defect using a Polaris optical
system and projecting that shape onto a 3D printed implant. The surgeon then tailors the implant to fit
the skull using an outline traced using a projection system. While this process may be largely more
accurate than the current trial and error procedure, there is significant room for improvement This
project will attempt to implement a handheld 3D scanning system that will reduce the cost and
complexity of the projection enhanced modification system.

Background and Significance

Cranioplasties, also referred to as secondary cranial reconstructions, usually follow craniectomies
administered in the case of severe trauma, stroke, or even brain tumors. The cranioplasty procedure is
indicated for “cerebral protection, cosmetic appearance restoration, and treatment of the syndrome of
the trephined.” For these reasons, the cranioplasty procedure is vital to the quality of life and health of
patients. In many cases, however, the bone flap removed during a craniectomy cannot be replaced for a
variety of reasons, such as large gaps due to cutting, risk of infection, or even at the surgeon’s
discretion. For these surgeries, the surgeon will generally use titanium mesh or an implant made of
Poly-Methyl Methacrylate (PMMA) to fill the hole.

Recently, surgeons have begun to use Customized Cranial Implants (CCI) made of PMMA, which are
fabricated preoperatively using Computer Assisted Design and CT scans of the patients head. The CT
scans allow technicians to design an oversized implant over the region where surgery will be taking
place. CCI’s provide many benefits to the patient, as well as the surgeon. As Dr. Gordon mentions in
his paper, “CCI’s provide a full thickness calvarial reconstruction unlike titanium mesh, and may avoid
unnecessary dead space underneath.” However, these sterile implants must be modified intraoperatively
to obtain a perfect fit in the defect.

As seen in the current research being performed by Dr. Gordon, these cranioplasty procedures
involving the intraoperative modification of a PMMA CCI can take almost an hour of surgical time.
While the benefits of CCI’s negate the excessive amount of surgical time, this procedure has much
room for improvement. In attempts to improve current procedure times, Dr. Gordon, Dr. Armand, and
Ryan Murphy have created a system that implements the Polaris optical tracker and a laser projection
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system that can project a cut-line onto the CCI. This system is currently being tested, but shows
promising initial results in decreasing overall operation time and helping the reconstructive surgeon
make more precise first cuts. While minor modifications may still be required, the general guidance
already helps significantly in reducing the amount of time spent by the surgeon for making
modifications.

While the implementation of the Polaris system is already a huge step forward, there are some
drawbacks to the current system. The Polaris optical tracking system, while highly accurate, is very
expensive and difficult to set up. The Polaris tracking system can also only measure points using a
large rigid fixation on the skull of the patient and an unwieldy, optically tracked pointer. One major
issue with this pointer based identification system is that it is difficult to collect points describing the
various angles and shapes of the cranial defect. Currently, the point clouds that are obtained lack any
information about the slanted sides of the defect.

With the advent of highly accurate, handheld 3D scanners, it is possible to create a system that is
portable and that offers more information to the projection system and the surgeon. Using a tablet based
scanner would provide a much cheaper and easier to use solution than the Polaris based defect
identification process. This project proposes to develop the necessary algorithms and technological
pipeline required for a 3D Scanner based system, which should simplify, as well as speed up, the
cranioplasty procedure.
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Procedure Outline

This project proposes to integrate a new subsystem into the cranioplasty pipeline for scanning the
defect created during the procedure and the generation of a 3D mesh model that accurately describes
the defect. First the surgeon acquires a preoperative CT scan of the patient’s head. Using this scan, the
tumor is located and a customized cranial implant (CCI) is created. It should be noted that the CCI
initially covers a greater area than the expected defect size. The implant will be shaped down to the
proper size during the operation, using the new 3D-scanning enhanced subsystem as a guide.

The surgeon begins the procedure normally by pulling back the scalp, marking the surgical area with a
sterile surgical pen, and cutting out the skull fragment. Once the tumor is then removed from the brain,
the cranial reconstruction process begins. With this new subsystem in place, the surgeon or nurse will
use a handheld, wireless device to take a 3D scan of the defect. Note that for this project, we will be
using an iPad mounted with a Structure Sensor as the “handheld scanner.” When scanning the defect
with this device, the operator should hold the scanner within half a meter of the defect for the most
precise measurements. Scanning should be done by pointing the sensor towards the defect at some
arbitrary starting position, and then slowly moving it around the site until the scanner indicates the
operator to stop. The built-in software for this scanner is very responsive in that it will notify the user to
slow down, back up, or move to a previous location when needed.

Once the scanning is complete, the data is wirelessly uplinked to a computer where final rendering and
colorizing takes place. Once a final mesh has been created, the program will begin attempting to
identify the general region of the defect using a color-based segmentation. The segmentation algorithm
will focus on markings around the surgical area made with the sterile surgical pen. This thick outline
remains around the defect even after removal of the skull fragment, since the cut is smaller than the
marked area. The results of this segmentation algorithm will be used to trim the 3D mesh file down to
just the defect. The program then runs a depth-based segmentation algorithm that will calculate the
depth and angle of the edge cuts. This is crucial information for the surgeon to have so he is able to
make an accurate cut of the CCI. If this initial cut is more accurate, overall surgical time will be
reduced by decreasing the time taken thereafter to make additional adjustments to the implant. A more
accurate initial cut will also reduce the likelihood of gaps between the implant and the skull. Once the
segmentation is complete, the mesh is then sent to a laser projection system. The image of a cut is
overlaid onto the CCI, allowing the surgeon to cut the implant down to the proper size and fit. Once the
initial cuts are made, the surgeon can try the implant on the defect and make minor modifications as
needed. Finally, the implant is secured onto the defect with titanium mesh and self tapping bone
SCTeWsS.



Procedure Evaluation

The new procedure will be evaluated using the following metrics:

1.

Time:

The current, manual implant modification procedure used by Dr. Gordon takes by far the most
amount of time in the operating room. This process was improved upon by Ryan Murphy’s
work, which uses the Polaris Optical Tracker to determine the shape of the defect and a
projection system to assist with cutting. The new procedure defined in this proposal should be
able to further reduce time in the operating room. The 3D scanning applications do not require
preoperative set up of an Optical Tracking system and do not require rigid fixations on the skull
of the patient.

Accuracy

The 3D scanning applications in this procedure should be able to maintain an accuracy of close
to 1 mm. 1 mm accuracy is what the current Optical Tracking system is able to achieve and
would provide surgical level of accuracy for future Computer Controlled Cutting machines that
could potentially be implemented at a later time. The documentation for the scanner that will be
used in this procedure does maintain Imm accuracy when placed within .5 meters of the
patient.

Ease of Use

While there are no quantitative metrics to determine any improvements in this metric, ease of
use should be simple to determine qualitatively. The 3D scanning procedure, if successfully
developed, should be remarkably easier to use than the manual modification procedure used
currently. Handheld 3D scanning should prove to be remarkably easier to implement, since the
devices involved are significantly smaller and simpler to use. If a fully integrated 3D scanning
application is developed, a surgical technician may not even be required during the operation.

Cost

The proposed procedure should cost less than $2,000 to implement, including a reusable iPad,
sensor, and workstation for final rendering, and all components are reusable. Implementation of
such a system would also provide a significant reduction in surgical time, therefore reducing
the overall cost of the cranioplasty procedure.



Deliverables

Minimum
e Developed algorithms for defect identification on test objects
o Implementation of a color and depth based segmentation algorithm
o Creation of a mesh refocusing algorithm to narrow search field
e Paper regarding color and depth based segmentation for defect detection on 3D scan

Expected

e Integration into the cranioplasty surgical procedure
e Ability to use the scanner in an uplink mode to workstation

Maximum
e Tablet application with integrated 3D scanning and processing
e Testing in the Mock Operation room

Management Plan

Division of labor:

Majority of development will be split equally over the course of the semester. However, imaging and
procedure integration will be completed primarily by Joshua, while the segmentation algorithm
development will be complete primarily by Alex.

Dependencies:
Status Dependency Description
Completed | Structure Sensor Sensor to be used for 3D imaging, provided by Dr. Armand
Completed | iPad iPad for mounting the sensor, will use personal iPad
Completed | Test Object Printed at the Digital Media Center
Completed | Phantom Skull Provided by Dr. Armand
Completed | Mock Operations Will take place with Dr. Gordon at JHMI once a month

All dependencies have been resolved prior to the start of the development process.



Milestones:

Date Milestone
Feb 18 Completed project proposal
Feb 28 Color segmentation algorithm completed
Mar 14 .obj area of interest algorithm completed
Mar 28 Phantom skull testing
Apr 4 Mock Operation: Test scans of surgical environment
Apr 9 Checkpoint Presentation
Apr 18 Complete procedure integration modules
May 2 Mock Operation: Test integration modules, compare against manual cutting
May 8 Poster Session
Timeline:

February

April

May

Segmentation Algorithm Development

Working with .obj file, decide on data structures for import
Color identification algorithm

Refocusing .obj file algorithm

Defect edge identification using depth algorithm

Bottom edge, top edge joining and mesh output
Imaging Development

Define procedure for obtaining scan with skannect

Build test object with defect

Use test object for scans and determine accuracy

Test algorithm on object

Test algorithm on phantom skull

Test at Mock Operation

Procedure Integration

Develop necessary modules for scanner communication
Test at Mock Operation

Application Development

SDK, OpenNI exploration

Prototype Application Development

March
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