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ABSTRACT

A study was conducted using newly developed software to determine the accuracy of computer assisted pedicle screw fixation in upper thoracic spine in comparison with  fluoroscopic technique.40-pedicle screw fixations were done in articulated bone specimens (20 computer assisted /20 conventional). Fixations were done in thoracic spine (T1  - T6).Optimal screw trajectories are drawn in the pre-op thin slice CT, taking specific bony prominences as reference points. This virtual image is matched digitally with the actual image obtained via a web camera during surgery and the pedicle screws are placed in the direction of the optimal screw trajectory. Post op evaluation is using thin slice CT images. Pedicle screw placements were much more accurate with computer assistance. Grade1 (Amiot grading) pedicle screw placements were 90% with computer assisted technique as against 60% with conventional methods.

Introduction
Pedicle screw fixation especially in the thoracic spine has always been a challenge to the orthopaedic surgeon. Small pedicle size and variations in morphology in upper thoracic spine creates a lot of problems in the accurate placement of pedicle screws. Thoracic pedicles are smaller and medial penetration could damage the spinal cord and inferior penetration the roots. Various methods are used for the localization of pedicle. The methods used include the Intersection technique, Pars interarticularis technique, Mammillary process technique, Funnel shaped pedicle approach zone, Roy Camille point, Weinstein point etc. Techniques of insertion of pedicle screw include Blind technique, Fluoroscopic technique, Stereo tactic navigation which can be Image guided or Computer assisted ,Endoscopic technique, Open Lamina Technique, Ultrasound Guided technique etc..

Pedicle perforation using conventional techniques is in the range of 15 – 50% as per various studies. Unrecognised screw misplacement and permanent root damage have been documented Various studies have been conducted by Amiot et al, Lane et al, Youkilis et al, Schlenza et al etc. The preliminary reports with computer assisted navigation are showing a high degree of accuracy. We in our institution have developed a novel technique for the insertion of pedicle screws with computer assisted navigation. A study was conducted using the newly developed software for computer assisted pedicle screw placement

AIM

To compare the rate of pedicle wall perforation by screw placement using computer assisted navigation with the custom developed software and conventional fluoroscopic- technique.

MATERIALS AND METHODS 

40-pedicle screw fixations were done in articulated human bone specimens. Group 1 included cases done with computer assisted technique (developed in our institution) (n = 20) and Group2 included cases done using fluoroscopic technique (n = 20). Pedicle screw fixations were done only in thoracic spine i.e. T1 – T6. Pre - op planning and post op evaluation were done with thin slice CT images.

PROCEDURE

Pre-insertion Planning

Thin slice CT images are taken and these images are transferred to the computer without losing the accuracy dimensions of the dicom images obtained. In the planning module of the computer bony reference points are marked i.e. the transverse processes and the spinous processes. Vertical lines are drawn from these reference points. Optimal screw trajectories are drawn in the images. Screw depths are accurately measured from the CT images.

Screw insertion

The bony points are identified and markers are placed on the spinous process and on the two points equidistant from the transverse processes after making actual measurements. The markers are placed exactly vertical.  These three markers are caught on the web camera and the pre planned image is superimposed on the actual image. Paired point matching is done.  Further matching is done digitally. When these points are matched guide wire is placed in the direction of the optimal screw trajectory and is matched digitally with the pre planned image. Pedicle screws are placed in the direction of the optimal screw trajectory.  20 cases were done using the fluoroscopic technique.

Pedicle screw placements

	Vertebral level
	Group 1(total – 20)
	Group 2 (total-20)

	T 1
	2
	2

	T 2
	3
	2

	T 3
	3
	4

	T 4
	4
	4

	T 5
	4
	4

	T 6
	4
	4


Pedicle screw perforation was evaluated using thin slice CT images and in consultation with radiologist (single blinding)

OBSERVATION

Pedicle screw perforations were graded according to the classification by Amiot
Classification 
(Louis Philippe Amiot)

	Grade 1
	Ideal

	Grade 2
	0.1 – 2 mm

	Grade 3
	2.1 – 4mm

	Grade 4
	4.1 – 6mm

	Grade 5
	> 6 mm


RESULTS 
	
	Group 1
	Group 2

	Grade 1 
	18
	12

	Grade 2
	2
	3

	Grade 3
	
	3

	Grade 4
	
	2

	Grade 5
	
	

	Total
	20
	20


STATISTICAL ANALYSIS

On referring to Pearson Chi-square test (association between categorical data) with 1 degree of freedom the value of chi- square under probability 0.05 is 3.841and the calculated value in our study is 4.8 which is higher than 3.841.The difference in accuracy is therefore statistically significant at 5% level. 

Pedicle screw placements were much more accurate with computer assistance.Grade1 (Amiot grading) pedicle screw placements were 90% with computer assisted technique as against 60% with conventional methods.

CONCLUSION 

Computer assisted pedicle screw fixation using the newly developed software is superior to conventional methods especially with regards to thoracic spine were higher degrees of accuracy is needed.
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