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1 Introduction

Surgical navigation can be used for complex orthopaedic procedures, such as iliosacral screw fix-
ations, to achieve accurate and efficient results [11]. Although there have been studies studying
the impact of navigation systems on surgical outcomes [6, 3], we are not aware of any studies
that have quantified the effect of how information regarding the surgical navigation scene is
displayed to surgeons on conventional monitors. However, the display of information can have
a measurable effect on both accuracy and time required to perform the navigated surgery, as
the surgical scene can be presented in many different formats [9]. Optimizing surgical accuracy
potentially helps improves patient safety by reducing screw malplacement [11], while optimiz-
ing time efficiency reduces opportunity cost [1]. Therefore, we designed a study to determine
the optimal visualizations for performing navigated pelvic screw insertions. The findings of
this study can be used to more systematically design visualization components of a navigation
system.

2 Methods

We conducted a user study to investigate which visualization techniques helped users effectively
navigate a surgical tool to a screw target – a core task during pelvic fracture fixations. Our
study simulated the procedure using a dry pelvis model and optical tracking. We proposed a
series of 2D and 3D visualizations with varying representations of the screw targets and the
guide tool, and measured the accuracy and time required by each participant to perform the
task. We acquired a CT scan of a radio-opaque pelvis bone model (Sawbones, WA, USA),
and placed 10 virtual cylindrical targets (diameter: 7.3mm and varying lengths) within the CT
image using the open-source Slicer software [2]. To simulate a navigated surgery, we tracked the
pelvis model and a surgical wire guide tool using an NDI Vega and rigid body markers (NDI,
ON, Canada). We calibrated the wire guide to define its tip and axis relative to the attached
marker [5], and subsequently performed point-based registration to align the pelvis to its CT
image.

We designed one 3D and five 2D visualizations to represent the surgical scene, using Slicer
and SlicerIGT [10]. The 2D views were 1) a ’bullseye’ view looking into the screw channel,
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oriented such that the anatomical axes on the display were aligned with the physical pelvis
model, 2) a ’rotated bullseye’ view such that its orientation was rotated 90◦ clockwise with
respect to the physical pelvis, 3) a ’target-fixed’ view showing the target cross-sections along
the screw axes in two orthogonal planes nominally aligned with axial and coronal planes, 4)
a ’tool-fixed (translation)’ view which fixed the tool-tip’s position in the centre of the view
such that the image translated around it during tool motion, shown from an axial and coronal
plane, and 5) a ’tool-fixed (translation and rotation)’ view which fixed the tool-tip’s position
and orientation in the center of the view such that the image translated and rotated around
it during tool motion. The ’bullseye’ and ’tool-fixed (translation and rotation)’ views were
chosen to mimic commonly used views in commercial and open-source navigation frameworks,
while the others were designed to test how changes in perspective and relative motion affect
navigation performance. The 3D view displayed two volumetric renderings of the CT scan
approximately representing the perspective of the user looking at the physical pelvis model.
Each rendering was cropped by orthogonal planes defined by the tool’s pose aligned with the
tool’s trajectory (Figure 1).

We asked each participant to navigate the tool to five targets for each of the visualizations,
using only the information presented on a 40 inch monitor (Samsung, Model: LN40D630M3F,
South Korea) placed directly in front of the participant. The pelvis model was also covered
with an opaque cloth so participants could not use direct visual features from the model to
assist in targeting. The order of visualizations was randomized for each participant. For each
target, we recorded the tool trajectory relative to the target entry. We asked each user which
visualization they preferred most - with the exception of the two bullseye views. We combined
this preferred view with a bullseye, and asked them to navigate again to 5 random targets. In
total, 35 trajectories were acquired per participant. We measured the total time required to
complete navigation, the time to reach a threshold accuracy (within 3.65mm of target entry and
5◦ of the target axis), and the distance and the rotational errors at the end of the trajectory. We
used a two-way analysis of variance and the Tukey-Kramer test to infer statistical differences
between visualizations (p < 0.05).

3 Results

We recruited 8 novice participants who had no experience performing surgical fixations and
using navigation in surgery. 5 participants preferred the ’target-fixed’ visualization, 2 the ’tool-
fixed (translation and rotation)’ view, and 1 the 3D view (Table 1).

Overall, the standard bullseye view had the lowest mean required time for navigation (26.9s)
and this was statistically lower than the ’rotated bullseye’, ’target-fixed’ and 3D visualizations.
The ’target-fixed and bullseye’ combination had a mean time of 30.9s, which was statistically
lower than the 3D view. The ’bullseye’ and ’target-fixed + bullseye’ views also had the lowest
mean time to threshold accuracy of 11.9s and 13.3s respectively, which were both statisti-
cally lower than the ’target-fixed’, ’tool-fixed (translation)’, and 3D views. All 2D views and
combinations of bullseye with preferred views had statistically lower means for distance and
rotational accuracies when compared to the 3D view alone, with no other statistical differences
in accuracies.
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Figure 1: Three visualizations used in the study a) bullseye, b) target-fixed and c) 3D view. The
other three visualizations differ only in orientation or in their dynamic representation during
tool motion.
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Visualization
Total time
(s)

Time to
3.65mm
and 5◦ (s)

Distance
Accuracy
(mm)

Rotational
Accuracy
(◦)

Bullseye 26.9 (16.8) 11.9 (10.2) 0.88 (0.67)
0.77 (1.91)

Rotated Bullseye 51.9 (34.0) 22.3 (14.4) 1.05 (0.54) 0.47 (0.24)
Target-fixed 53.3 (54.1) 27.9 (24.7) 1.58 (1.73) 1.22 (0.71)
Tool-fixed (translation) 49.7 (23.9) 29.2 (20.0) 1.27 (0.67) 1.05 (0.57)
Tool-fixed (translation +
rotation)

39.7 (18.5) 21.5 (12.2) 1.03 (0.50) 1.00 (0.62)

3D 61.2 (50.7) 41.0 (30.9) 4.22 (2.94) 6.15 (4.73)
Target-fixed + Bullseye 30.9 (22.6) 13.3 (6.6) 1.04 (0.61) 0.51 (0.33)
Tool-fixed (translation +
rotation) + Bullseye

31.0 (15.3) 15.8 (4.0) 1.37 (0.76) 0.41 (0.40)

3D + Bullseye 51.8 (17.9) 16.0 (19.9) 0.93 (0.61) 0.41 (0.24)

Table 1: Means and standard deviations of each measure across all participants, grouped by
visualization type. Green indicates the mean was statistically lower than at least one of the
other visualizations within a column, and red indicates the mean was statistically higher than
at least one of the other visualizations within a column.

4 Discussion And Conclusion

Our results indicate that the ’bullseye’ and ’target-fixed + bullseye’ views are the most effective
visualizations for navigated screw fixation, given their statistically shorter times and higher
accuracies than other visualizations. We also found that the alignment of the visualization
with respect to the patient’s physical orientation has a significant impact on navigation time,
indicated by the statistically longer time for the ’rotated bullseye’ view. Moreover, the 3D
view was significantly worse than the other visualizations in all outcome measures, suggesting
it is not an effective way to visualize navigation on its own. We believe this is because it
is difficult to visually estimate the pose of the tool with respect to a target given only 3D
representations. However, when combined with a bullseye, the 3D visualization had significantly
improved displacement and rotational accuracy, albeit with only marginally reduced targeting
time. This finding is supported in literature for visualizations and displays outside of the
surgical context [9, 8]. Our study did not directly assess navigation displays using alternative
technologies such as head-mounted displays [7] or directly on the surgical instrument [4].

This study focused only on the task of tool navigation to the target, but a real procedure
would involve assessing the planned screw position and drilling into tissue, for which navigation
information might also be used. Furthermore, our study does not model the presence of tissue
which a surgeon would have to navigate through in a real surgery. Overall we recommend that
surgical navigation systems implement a ’bullseye’ due to its effectiveness. However, it is also
worth augmenting the ’bullseye’ with a ’target-fixed’ view given that performance is not affected
and the additional information could add value during the surgical planning and drilling tasks.
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