In Vivo Minimally Invasive Reduction and Fixation of Sacroiliac Luxation Using a Dedicated Novel Instrument System

[bookmark: _Hlk212634943]INTRODUCTION: Open reduction and internal (lag screw) fixation (ORIF) of sacroiliac luxation/fractures (SIL/F) has been associated with complications related to extensive soft tissue dissection and poor sacral screw placement. 
[bookmark: _Hlk212634276]Minimally Invasive Osteosynthesis (MIO) of SIL/F, while an attractive ORIF alternative,1 has intrinsic limitations, including exposure to deleterious radiation2 during intraoperative imaging (IOI). 
To reduce radiation exposure, a novel SIL Instrument System (SILIS™) and Minimally Invasive Lucent Aiming Device (MILAD™) featuring table-bound friction arms was developed. Compared to ORIF, SILIS-MILAD assisted SIL/F treatment, significantly improved accuracy and reliability of sacral screw placement in cadaveric studies.3,4
By allowing the surgical team to step away from the C-arm during IOI, SILIS-MILAD assisted surgery could virtually eliminate radiation exposure. This assumption, however, has yet to be clinically tested.
[bookmark: _Hlk212634961]Our purpose was to evaluate SILIS-MILAD efficacy in treating canine SIL/F. Our objectives were to compare radiation exposure to patient and OR personnel as well as evaluate postoperative sacral screw position and SIL/F reduction. We hypothesize that SILIS-MILAD surgeries would be safe and as, or more accurate than reported MIO and ORIF techniques.

MATERIALS & METHODS: Client owned dogs with SIL/F were included. Enrollment criteria included 1) BW>15kg and 2) SIL/F amenable to lag screw fixation. Concomitant injuries were treated prior to SIL/F repair using SILIS-MILAD techniques as previously described.3,4 
Radiation exposure (deep dose equivalent [DDE mrem]) was recorded throughout surgery by five dosimeters strategically placed over the 1) dog sacrum, 2-3-4) surgeon neck, waist and wrist, and 5) anesthesia machine (Fig-1). A 6th control dosimeter was kept away from any radiations. Adjusted individual dosimeter DDE was obtained by subtracting control from each dosimeter readings.
Postoperative outcome measures included sacral screw angles in the dorsal (Cranio-Caudal Angle, CCA) and transverse planes (Dorso-Ventral Angle, DVA) measured on their respective postoperative CT-based MPR views3,4 (Fig-2). Reduction was evaluated on ventrodorsal radiographs (Fig-3) using the 1) percentage of reduction (PoR) defined one minus the sacroiliac incongruence length to sacral wing length ratio (100% indicating anatomic reduction)5 and 2) hemipelvic canal width ratio (HCWR) defined as the operated hemipelvic canal width divided by the opposite hemipelvic canal width (one indicating symmetry).6 Sacral screw purchase was expressed as a percentage of the sacral width.
Ambulatory status at presentation and discharge was documented. Complications were defined as those treatable conservatively (minor) vs those requiring revision under anesthesia (major). 
Angular and anatomic measurements were reported using descriptive statistics (mean±SD). Screw angles were compared to historical data from our laboratory.

RESULTS: Ten dogs with unilateral (7) or bilateral (3) SIL (13 SILs) were included. Mean age and BW were 4.7±5.1 years [0.42–14.5] and 17.3±12.4 kg [6–42]. Seven dogs were non-ambulatory and three could walk when supported. Orthopedic and soft tissue comorbidities were present in all and five dogs, respectively.
[bookmark: _Hlk212635178]Control dosimeter readings (environmental exposure) were ~30±5.5mrem. Patient readings were 4 times greater at ~123±55mrem. In contrast, OR personnel readings were considered negligeable at ~1.0±0.2mrem. 
[bookmark: _Hlk212635213][bookmark: _Hlk212635222]Mean DVA was 1.1°±0.8° [0°–2°] and CCA was 2.3°±1.8° [0°–5°]. Mean PoR was 95.6%±5.0% (86.7–100%). Mean HCWR was 0.9±0.2. Mean sacral screw purchase was 91%±12% [69-107%].
[bookmark: _Hlk212635239]All patients were ambulatory when discharged 8.4±7.6 days [4–29] after injury. In a bilateral SIL case, second side sacral screw tip interference required next day revision, successfully achieved by forcing a longer screw along the contralateral one.

DISCUSSION: 
[bookmark: _Hlk212908953]This is the first study documenting the clinical use of the SILIS-MILAD for treatment of SIL/F. Our results demonstrate that SILIS-MILAD assisted SIL/F surgery provided more accurate sacral screw placement than ORIF in clinical patients and compare favorably to previous cadaveric studies.3,4 Furthermore, SILIS-MILAD surgeries consistently provided nearly anatomic reduction as demonstrated by high PoR and HWCR, while virtually eliminating OR personnel exposure to radiation. 
As per ALARA policy, yearly maximum DDE is 5,000mrem. When institutional limits (10% of this value) are reached, implementation of work changes precluding further surgeries may be triggered. Our study shows that during each surgery, a patient (and presumably a traditional MIO surgeon standing nearby) receives ~24% of the yearly institutional trigger DDE, which could limit SIL/F surgeries to 4 to 5 surgeries per year. In contrast, SILIS-MILAD assisted surgery allows the surgeon to move away from the X-ray source which, by virtue of the inverse square law, reducing DDE to dosimeter minimal detectable limit of 1mrem.

One study limitation is that screw angles were compared to historical data. Nonetheless, this data was generated from our laboratory while using similar protocols. Furthermore, while this system is not currently available, similar homemade designs have been successfully used.7 Lastly, no comparison to traditional MIO was performed. Considering our radiation data, such study could be difficult to justify. 

This study provides objective clinical data that could assist surgeons in choosing the safest and most effective surgical technique for the treatment of SIL/F. 
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