Custom alignment guide improves accuracy of distal bolt capture in contoured angle-stable interlocking nail
Objective:
Anatomically contoured implants are standard in human orthopedics, and their adoption in veterinary medicine is beginning to show similar clinical benefits.1–3 The standard alignment guide for targeting the cannulations in the I-Loc angle-stable interlocking nail (AS-ILN) is designed to target the cannulations within the standard straight implant; an alternative freehand technique is required to capture the distal bolts in a contoured nail. Accurate distal bolt placement is critical for construct rotational stability.4 Missed cannulations require redrilling or hole elongation, both of which compromise cortical strength and can lead to torsional instability and an increased risk of fracture, nonunion, or delayed union.5–7 The goal of this study was to evaluate distal bolt capture using a custom 3D-printed alignment guide compared to freehand drilling. We hypothesized that a custom alignment guide will improve distal bolt capture relative to freehand drilling in anatomically contoured AS-ILN.
Study Design:
Forty copies of a normal canine femur were 3D-printed to accommodate a 7-mm diameter, 185-mm long I-Loc interlocking nail (Biomedtrix/Movora, Whippany, NJ). The I-Loc was contoured to 168°, approximating the natural procurvatum of the printed canine femur. A custom 3D-printed guide was designed to allow for adjustable length and angulation in a single plane. For each trial, the proximal two bolt holes were drilled using the standard alignment guide and technique for the I-Loc system. The distal bone surface was covered with synthetic skin to obscure anatomical landmarks, and no fluoroscopic or assistant feedback was used. The distal bolt cannulations (bolts 3 and 4) were drilled either freehand (freehand group, n = 20) or using the custom alignment guide (custom guide group, n = 20). Each bolt hole was drilled and treated as an independent data point (n = 40 per group). Capture success was defined by three distinct criteria: visualization of all threads within the nail cannulation, ability to pass an alignment post parallel to the proximal reference posts, and full manual tightening of the locking bolt.
Statistical comparisons between groups were made using Fisher’s Exact Test, and odds ratios (ORs) with 95% confidence intervals (CIs) were reported. A Cochran–Mantel–Haenszel test was used to calculate an overall combined odds ratio for both bolts. Significance was set at P < .05.
Results:
Of the 40 distal bolt holes drilled with the guide, 35 (87.5%) were successfully captured, whereas only 6 of 40 (15%) were captured using the freehand technique. The overall odds of successful capture using freehand drilling were approximately 2% of those achieved with the custom guide (OR = 0.02; 95% CI, 0.01–0.09; P < 5.6×10⁻¹⁰). For bolt 3, success rates were 85% (17/20) with the guide versus 10% (2/20) freehand (OR = 0.02; 95% CI, 0.00–0.16; P < .0001) (Table 1). For bolt 4, success was 90% (18/20) with the guide versus 20% (4/20) freehand (OR = 0.03; 95% CI, 0.00–0.21; P < .0001)(Table 2).
When bolt 3 was successfully captured, 84.2% (16/19) of the corresponding bolt 4 placements were also successful (Table 3). Conversely, when bolt 3 was missed, only 28.6% (6/21) of bolt 4 placements were successful (OR = 12.29; 95% CI, 2.35–91.16; P < .001). 
Conclusion:
The custom 3D-printed alignment guide significantly improved distal bolt capture rates in contoured AS-ILNs compared with freehand drilling. Use of the guide increased the probability of successful distal bolt capture nearly fifty-fold. Achieving accurate bolt 3 placement proved critical for capture of bolt 4, as it gave a twelvefold greater likelihood of capturing bolt 4. 
Reported distal bolt miss rates for experienced surgeons using straight AS-ILNs range from 1.3% to 6%.3,5,8 We anticipate that an experienced surgeon with understanding of the common drilling pitfalls, which include guide angulation, variations in drilling trajectory, and drill tip “walking” may have a lower miss rate using the freehand technique. 
This study provides proof of concept for an adjustable alignment guide for use with contoured I-Loc AS-ILNs. The guide’s modular Hirth-joint design allows for targeting over an arc and can accommodate varying degrees of nail curvature. A more rigid, precision-machined guide may further improve accuracy and durability compared to the 3D-printed version used in this study.
Integration of this guide technology may ultimately enhance the adoption of contoured AS-ILNs in nail osteosynthesis, improving anatomical alignment, fixation strength, and clinical outcomes for veterinary patients undergoing fracture and/or osteotomy stabilization.
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