Image-guided Surgical Navigation for Drilling Transcondylar Screw Holes in the Canine Humerus

Objective: To evaluate the accuracy, consistency and safety of a new commercial image-guided surgical navigation system intended for veterinary surgery.

Previous studies have evaluated different techniques for optimizing the accuracy of drilling in the humeral condyle: patient-specific guides (PSG)1,2, computer-assisted orthopedic surgery (CAOS)3,4, and surgical robotics5. To date, an affordable commercial CAOS system has not been available to veterinarians. The aim of this study was to determine the feasibility and technical performance of a novel image-guided surgical navigation (IGSN) system when used to drill transcondylar screw holes in the canine humerus, and to compare these results against those achieved with contemporary PSG. The hypothesis behind this work was that drill holes created with the aid of the IGSN system would be safe, accurate and reproducible. 

Study Design: A prospective study was performed using 3D-printed plastic bone models created from an STL model of the canine humerus. Since IGSN requires real-time tracking of the bone during surgery, the plastic bone models were printed with an integrated tracking assembly fused to the humeral diaphysis (Figure 1). Twenty-four identical bone models were manufactured using fused deposition modeling – a random number generator was used to assign models to PSG or IGSN. The IGSN system consists of an optical tracking system (Polaris Lyra; Northern Digital Inc., Waterloo, Ontario, Canada) with dedicated proprietary software (DelphiVet Surgical Navigator; Imaginalis/Epica, Florence, Italy).

For pre-operative planning, the CT images were imported into the proprietary software that is provided with the IGSN system. The location and orientation of an idealized drill hole were defined, and the positions of the entry and exit holes on the humeral surface were then exported and used to design a PSG, as described previously2,5. The design of the PSG is shown in Figure 2. The coordinates of the exit and entry points, as well as the 3D orientation of the connecting drill hole, were saved for use in subsequent analysis. 

Bone models were secured and oriented so that the tracking assembly was visible to the IGSN system, then covered with a disposable surgical drape to obscure the bone surface. For the PSG group the drape was incised to expose an area just larger than the footprint of the PSG. For the IGSN group, only a stab incision was made. A small dimple was made on the bone surface as the first stage of IGSN drilling to reduce the risk of slippage of the drill bit over the slanted surface of the medial epicondyle. 

The bone models were drilled with a 2.5-mm StickTite drill bit5. For each model, the total time taken for setup and drilling was recorded.

After drilling, an aluminum rod was inserted into the drill hole. The bone models then underwent CT scanning and post operative analysis. 

The safety of the procedure was determined by modelling a 5-mm screw from the drilled trajectory and evaluating penetration of the articular surface. A threshold of 5 mm was used because this represents a maximum for the accepted screw size for this condyle.

Data on drill hole entry point, exit point and trajectory were compared using a paired Student t-test. Binary safety data (yes/no) were compared using a Fisher Exact test. A significance value of p<0.05 was used throughout. 

Results: Summary data for the errors are presented in Table 1 and graphically in Figure 3. Entry and exit point locations were less accurate in the IGSN group; these differences were statistically significant (p<0.05) for both entry and exit but the absolute errors were much smaller than have been reported with free-hand drilling. There was no statistical difference between the trajectories of drill holes in the two groups. All 24 drill holes were deemed to be safe. Surgical times are outlined in Table 2.

Conclusion: Use of this commercial IGSN system was found to result in safe, accurate and repeatable placement of a transcondylar drill hole in the canine humerus. Positioning of the entry and exit holes on the bone surface was not as accurate as can be achieved with PSG. In a clinical setting, reductions in drilling accuracy have been seen because of imperfect seating of PSG, most often due to soft tissue interposition2. This is not a limitation for the IGSN system, which allows for percutaneous drilling with minimal bone exposure.

The primary limitation of this study relates to the use of idealized bone models, rather than cadaveric specimens. The effects of soft tissue exposure on operative times and PSG fit were not determined. The surgeon performing the procedures was experienced with drilling humeral models but is not a specialist surgeon. 

Nevertheless, use of this commercial IGSN system was found to support accurate, reproducible and safe drilling across the humeral condyle. A navigated drill guide or robotic assistance5 may provide additional benefits in terms of entry and exit point accuracy.













Figures and Tables: 

Table 1 – Error data for PSG and ISGN groups in this study, along with corresponding data from previous published studies. Entry and exit point errors are mean absolute distances (i.e. not directional), and angulation error represents total angular difference between the drilled and planned trajectories. 


	
	PSG

	IGSN

	Freehand (Cadaver)2
	Robotic5

	Entry point error, mm
	0.41 +/- 0.19
	1.63 +/- 0.88
	4.74
	1.31

	Exit point 
error, mm
	0.70 +/- 0.47
	2.22 +/- 0.81
	4.94
	2.12

	Angular XYZ error, degrees
	1.56 +/- 1.09
	2.16 +/- 0.74
	6.06
	1.9





Table 2 – Summary of surgical times (in seconds) for the IGSN group and the PSG groups. Set up of the IGSN system takes approximately 3 minutes and drilling is slightly slower than with a PSG. 

	Registration + Set Up
	Navigated Drilling
	PSG drilling (not including approach)

	166.9
	71.5
	17.6




Figure 1 – Design of model bone with fused tracker to prevent movement of the reflective markers between pre-operative scanning and surgery.

Figure 2 – (a) Design of the PSG used in this study – the drill hole trajectory was defined in the Imaginalis software program and the PSG was designed with a combination of Blender and Autodesk Fusion. PSG were printed in autoclavable resin (Surgical Guide, Form Labs) using a Form 2 SLA printer (Form Labs). (b) Seating of the PSG on the medial humeral epicondyle.

Figure 3 – Target plot showing the planned position (blue), the 12 drilled points (red) and their mean (green) for Entry and Exit distance and trajectory angular errors for the PSG and IGSN groups. 
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