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Abstract Results
Surgical freedom quantifies proximal instrument maneuverability with fixed distal targets, Surgical Freedom Across Approaches
critical for comparing neurosurgical approaches. Current methods lack standardization, The standardized method successfully differentiated all seven surgical corridors:
using different geometries without universal scaling, preventing meaningful cross-study
comparison. We developed and validated a standardized mathematical framework and
software tool using 3D triangulation of proximal boundary points, normalized to maximum Flat Surface (Control) 95.8
maneuverability (mL?, circle area with radius = probe length). The method was validated Skin Incision (Kocher’s Point ) 87.5
across seven cadaveric cases spanning diverse surgical corridors. Results demonstrated Parietal Burr Hole (Dura) 46.1
clear discriminatory capability, with surgical freedom values ranging from 95.8% (flat Bifrontal (ICA—ACA Junction) 26.6
surface control) to 3.9% (far lateral approach). Point-reduction analysis established that >7 Pterional (Optic Nerve) 17.6
sampling points are necessary to maintain reliable measurement accuracy. This framework Endoscopic Endonasal (Lateral Recess) 8.0
and open-source software provide a universal, mathematically rigorous standard for Far Lateral (Hypoglossal Canal) 39

surgical freedom quantification.
Point-Reduction Analysis

Introduction One-sample t-tests determined whether mean ASF% differed significantly from zero (n =
7):
Surgical freedom (SF) is a fundamental metric in neurosurgery that quantifies the range of —
proximal instrument maneuverability when the distal tip is fixed on a target. It serves as a
: : : : : 11 -0.03 0.937 No
key parameter for objectively comparing different surgical approaches to skull base
10 -0.50 0.566 No
pathology.
9 -1.15 0.396 No
Despite its widespread use in cadaveric and clinical studies, there is no universally 3 907 0.267 No
accepted standard for measuring and reporting surgical freedom. Published methods vary v _394 0.113 No
significantly in geometry, number of sampling points, probe lengths, and normalization 6 ~7.37 0.033 Yes (p<0.05)
methods. This heterogeneity makes it impossible to compare surgical freedom values 5 ~15.04 <0.001 Yes (p<0.001)
across studies. 4 ~25.71 <0.001 Yes (p<0.001)
Objective: To develop and validate a standardized mathematical framework and dedicated 3 -49.63 <0.001 Yes (p<0.001)
software tool for surgical freedom measurement, enabling universal comparison across
different surgical approaches and research groups. 007 ;
Methods and Materials ~%- Bitrontal . _ T T—
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Mathematical Framework \:\
A standardized method was developed based on 3D triangulation of proximal boundary § o \’
points. The surgical freedom area is computed as SF = XA;, where A; represents each B N T <C0S
(] 1
triangle formed between adjacent boundary points and the centroid. The normalized = ;
percentage is: SF% = (ZA; / mL?) x 100, where L is the probe length and rL? represents the é I i -
theoretical maximum. This yields a universal percentage scale (0-100%). “ . . R . . + —
: \‘
20 _ _ _ - _ J:. i) . \’
3D coordinates of proximal boundary points were acquired using a neuronavigation . x * * * . ¥ x x— —s %
: : : : 12 11 10 9 8 7 6 5 a 3
system. For each corridor, 12 boundary points were sampled at maximum instrument Number of Sampling Points
maneuverability. Chart 1. SF% vs. number of sampling points across all seven cases.
S, Surglest Freedom Catculator
SOftwa re TOOI s e I — A Fryari -
A dedicated calculator was developed implementing the framework. It accepts 3D T T R
coordinate inputs, performs triangulation, computes SF%, and provides statistical error e e e
estimates. e s s
Validation Cases e —— STl
The method was validated across seven cadaveric cases: (1) Flat surface, (2) Skin incision at
Kocher’s point, (3) Parietal burr hole, (4) Bifrontal, (5) Pterional, (6) Endoscopic
endonasal, and (7) Far lateral. —_—— TN [

llllllllllllllllll

ooooooooooooooooooo

Point-Reduction Analysis
To determine the minimum sampling points required, analysis was performed from 12 to 3

: Figure 2. Surgical Freedom Calculator with 3D triangulation visualization.
points. ASF% was calculated at each step across all seven cases. g g g

Discussion

The standardized framework demonstrated strong discriminatory capability, from near-
maximal freedom at a flat surface (95.8%) to highly restricted access in the far lateral
approach (3.9%). The progressive hierarchy aligns with expected anatomical constraints.

Surgical Freedom
SF=2A,

The L% normalization eliminates dependence on probe length and experimental setup,
allowing true cross-study comparison for the first time.

Point-reduction analysis shows >7 points maintains non-significant error (p = 0.113), while
<6 points introduces significant error (p = 0.033). The bifrontal case’s divergent behavior
highlights that corridor geometry influences error propagation direction.

Conclusions

1. The standardized framework provides a mathematically rigorous, reproducible method
for SF quantification.
2. The niL? normalization enables a universal percentage scale for direct comparison across
approaches and research groups.
3. 27 sampling points are necessary for reliable accuracy (ASF = -3.94%, p = 0.113);
Max Area =nL? SF%=§L"‘; x 100 significant error at <6 points.
4. Corridor geometry influences error propagation direction.
5. Open-source implementation facilitates widespread adoption.

Figure 1. Standardized SF measurement framework. SF = 5A;; SF% = (2A; / L) x 100.
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