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Abstract. Surgical navigation systems are useful for planning pedicle screw 

positioning and guiding drilling trajectories. However, it is not yet possible to 
intraoperatively predict the correction of the scoliotic spine resulting from specific 

screw and rod configuration and instrumentation maneuvers. In this context, the 

objective of this study is to develop a novel intraoperative simulator for navigated 

scoliotic spine surgeries. An instrumentation strategy (pedicle screw insertion, rod 

attachment and rotation, set screw tightening) was computationally simulated on a 

synthetic model of a scoliotic spine using the preoperative radiographs in the 
standing position and various parameters recreating the preoperative conditions. 

The intraoperative decubitus position was then simulated. The resulting geometry 

was identified using a navigation system and transferred to the simulator, which 
enabled the updating of the preoperative planning, computing of clinical indices 

(Cobb angles, etc.) and simulation of instrumentation maneuvers. The Cobb angle 

decreased from 34° to 24° between the simulated pre- and intraoperative spine 
(before the instrumentation). Difference in pedicle screw positioning between the 

preoperative planning and the intraoperative situation was less than 0.5 mm. The 

intraoperative simulation of the rod attachment and rotation maneuvers resulted in 
a 12° Cobb angle. In conclusion, this preliminary study is a first step toward 

developing an integrated simulator for preoperative planning and intraoperative 

navigation of scoliotic spine surgeries. Once completed, the new intraoperative 
simulator will enable the surgeon to obtain real-time biomechanical feedback 

during the navigated surgery of a scoliotic spine, and may contribute to improve 

the resulting correction and instrumentation parameters (instrumented levels, 
surgical maneuvers, generated forces, etc.). 
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1. Introduction 

In scoliotic spine surgery, there is no consensus on the best instrumentation strategy for 

a given patient [1-3]. Recent studies have demonstrated high variability in correction 

objectives (Cobb angles, balance, etc.) [4] and instrumentation strategies (fusion levels, 

rotation maneuvers, etc.) [5], even for experienced surgeons. 
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In this context, a biomechanical simulator (S3) has been developed for the 

planning of scoliotic spine surgeries based on the preoperative radiographs of the spine 

[6]. Using this simulator, surgeons are able to simulate the correction of a given 

scoliotic spine resulting from different instrumentation strategies (screw positioning, 

rod attachment and rotation maneuvers) before the intervention. 

Intraoperative imaging and navigation systems are useful for planning the 

positioning of pedicle screws and guiding drilling trajectories [7-11]. However, 

contrary to the preoperative simulator S3, it is not yet possible to intraoperatively 

predict the correction of the scoliotic spine resulting from a specific screw pattern, 

contoured rod configuration and instrumentation maneuvers. 

This study aims at demonstrating the feasibility to update the preoperative 

simulation and instrumentation planning of a given scoliotic spine with respect to 

intraoperative data from a navigation system. 

2. Material and methods 

The study was performed on a synthetic model of a scoliotic spine replicating a 

realistic spinal deformity. 

A three-dimensional (3D) geometrical model was constructed using the two-

dimensional (2D) X-ray images of the synthetic spine configured in a standing position 

(Fig. 1a) [12], representing realistic preoperative conditions. Each vertebra of the 

synthetic spine was before embedded with five spherical steel markers (2-mm 

diameter) located on the spinous and transverse processes, as well as the laminae. 

These 3D landmarks were manually identified on the X-ray images for registration 

purposes. 

The geometrical model, generated from the preoperative 3D reconstruction process, 

was transferred to the simulator S3, and an instrumentation strategy was defined, 

including pedicle screw insertion, contoured rod attachment and rotation, and set screw 

tightening (Fig. 1b). 

The synthetic spine shape was reconfigured to recreate the patient decubitus 

positioning during the intervention with the intraoperative correction obtained prior the 

instrumentation due to the prone positioning and the effect of the anesthesia (Fig. 1c) 

[6,13]. The steel markers incrusted in each vertebra were manually measured using a 

surgical navigation system. A rigid registration was computed to transpose the position 

of each vertebra of the geometrical model in the intraoperative coordinate system using 

the steel markers (Fig. 1d). The accuracy of this update process was evaluated by 

comparing the coordinates of the planned pedicle screws (relative to the preoperative 

spinal shape) to those obtained after the registration process relative to the 

intraoperative configuration of the spine. 

The above-described registration process enabled to update the preoperative 

planning and simulate the predefined correction maneuvers using the intraoperative 

decubitus spine geometry. Pre- and post-instrumentation Cobb angles were computed 

for the simulated pre- and intraoperative spine geometries.  

 



 
Figure 1.Workflow diagram of the proposed planning update process. 

3. Results 

After the registration and planning update processes, difference in the positioning of 

the pedicle screws between the preoperative planning and the intraoperative situation 

(simulated in S3) was less than 0.5 mm.  

The Cobb angle (computed in S3) decreased from 34° to 24° between the simulated 

pre- and intraoperative spinal shapes before the instrumentation. Then, the 

intraoperative simulation of the rod attachment and rotation maneuvers resulted in a 

12° Cobb angle. 

4. Discussion and conclusions 

This study demonstrated the feasibility to update the preoperative simulation and 

instrumentation planning of a given scoliotic spine (made a priori with the simulator 

S3) with respect to intraoperative data from a navigation system. In this case, the 

method allowed to represent the intraoperative decubitus spinal shape that is different 

from the pre-operative standing posture. In the future, this would allow the surgeon to 

account for any change that occurs in the operative theater, as well as to update the 

planning or test other instrumentation strategies intraoperatively. 

In this preliminary study, the planning update process was performed using manual 

identification of spherical steel markers embedded in the vertebrae of a moderate 

scoliosis. This enabled precise measurements of the pre- and intraoperative spinal 

shapes, respectively in the coordinate systems of the preoperative X-rays 3D 



reconstruction and the intraoperative navigation system. Next steps include the use of a 

more severe deformity and the development of (1) new 3D reconstruction and 

registration processes of pre- and intraoperative spinal shapes by using automatic 

identification of vertebral anatomical landmarks, and (2) new methods for 

automatically transferring the up-to-date planning to the navigation system, in order to 

navigate the screws insertion with respect to the preoperatively planned trajectories. 

In conclusion, this preliminary study is a first step toward developing an integrated 

simulator for preoperative planning and intraoperative navigation of scoliotic spine 

surgeries. Once completed, the new intraoperative simulator may contribute to (1) 

obtaining real-time biomechanical feedback during the navigated surgery of a scoliotic 

spine (Cobb angles, simulations, force analysis, etc.), and (2) optimizing the correction 

and instrumentation (instrumented levels, surgical maneuvers, generated forces, etc.). 
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