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Sacroiliac (SI) joint luxation is the second most com-
mon traumatic pelvic injury in cats and frequently 

requires surgical stabilization.1,2 Approximately 
15% of feline cases are bilateral.1,3 While conserva-
tive management may be appropriate when iliac 
displacement from the sacrum is minimal,4 surgical 
stabilization is indicated in patients with severe pain, 
neurologic deficits, or pelvic canal stenosis or when 
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rapid return to weight-bearing is desired.3 In bilat-
eral cases, surgical fixation can alleviate discomfort, 
hasten recovery, and help maintain the physiologic 
width of the pelvic canal.2

The current standard surgical technique for SI 
stabilization is lag screw fixation, inserting a screw 
from the ilium into the sacral body.5 To optimize 
purchase, guidelines recommend maximizing screw 
diameter and achieving a screw span of at least 
60% of the sacral body width while maintaining an 
intraosseous path.6,7 However, feline sacral anatomy 
presents considerable challenges: the safe insertion 
area is extremely small (approx 0.5 cm2, approx 25% 

Objective
To compare the biomechanical stability of 3 fixation techniques for unilateral sacroiliac (SI) luxation using  
3-D–printed feline pelvic models.

Methods
Eighteen 3-D–printed pelvic models were generated from CT data of a 6.6-kg cat. The study was conducted from 
July 25 through September 10, 2025. A right SI luxation with ipsilateral pubic and ischial osteotomies was created, and 
models were fabricated for 3 fixation configurations (n = 6/group): single lag screw with transiliac pinning (SP), dou-
ble parallel Kirschner wires (DK), and double J-shaped Kirschner wires (DJ). A 3-D–printed femur was toggle pinned 
to the acetabulum to reproduce stance. Axial compression was applied to the femoral head at 5 mm/min to 15° pelvic 
rotation. Outcomes included rotational stiffness (primary), maximum load at 10° rotation, and energy absorption.

Results
DJ constructs showed approximately 3-fold greater initial rotational stiffness and higher energy absorption than SP 
and DK. Mean maximum load to 10° rotation was 93.10 N for DJ versus 33.32 N (SP) and 36.59 N (DK). No differ-
ences were detected between SP and DK for any parameter.

Conclusions
In this ex vivo 3-D–printed model, DJ fixation provided superior rotational stability compared with SP and 
DK techniques.

Clinical Relevance
The DJ technique may offer a biomechanically robust alternative for stabilizing feline SI luxation. By avoiding the 
narrow sacral safe corridor required for lag screw placement, this method may reduce the risk of iatrogenic nerve 
injury while preserving sacral bone integrity to ensure optimal purchase and minimize the risk of fixation failure dur-
ing stabilization.
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of the articular surface of the sacral wing) and is 
surrounded by critical structures, such as the spinal 
canal, nerve roots, lumbosacral disk space, and pel-
vic canal.8 In addition, individual variation of sacral 
shape and articular surface angles can complicate 
achieving an ideal intraosseous trajectory on the first 
attempt. Repeated drilling may compromise bony 
purchase,8,9 and the use of small-diameter Kirschner 
(K) wires for pilot holes has been suggested to 
reduce malpositioning.8

Recent biomechanical investigations have 
emphasized rotational and torsional loading as the 
common failure modes in SI joint fixation constructs. 
Two-point fixation across the joint has been shown 
to increase construct stiffness, yield load, and peak 
load compared with single long lag screws in canine 
models.10,11 Similarly, fixation using 2 smaller head-
less compression screws demonstrated greater 
resistance to rotational forces than a single larger 
cortical screw placed in lag fashion.12 Parallel results 
have been reported for pin-based constructs, where 
transiliac pinning, double K-wire fixation, and tri-
cortical configurations provide enhanced stability 
through multipoint, spatially distributed fixation.13–15

These findings collectively suggest that the 
number and spatial distribution (span) of fixation 
points may be as crucial as implant size in resisting 
rotational forces at the SI joint. Nevertheless, there is 
a lack of biomechanical evidence directly comparing 
such spatially distributed, multipoint fixation strate-
gies in feline SI stabilization. Based on this rationale, 
this study hypothesized that a newly developed dou-
ble J-shaped K-wire configuration (DJ) intended to 
simplify application and reduce reinsertion-related 
complications through spatially distributed multi-
point fixation would provide greater rotational sta-
bility than 2 established methods: a single lag screw 
with transiliac pinning (SP) or a parallel double 
K-wire configuration (DK). Thus, this study aimed to 
biomechanically compare the rotational stability of 
the DJ technique versus these 2 established methods 
using 3-D–printed feline pelvic models under physi-
ologic alignment.

Methods
3-D model design and fabrication—Eighteen 

pelvic and right femur models (n = 6/group) were 
developed based on a CT scan of a 5-year-old 6.6-kg 
intact male Korean shorthair cat with no skeletal 
abnormalities. The CT data were processed and con-
verted into .stl files by CustoMedi. A unilateral (right) 
SI luxation was digitally simulated using 3-D–mod-
eling software (3D Slicer, version 5.8.1; slicer.org)16 
by detaching the right sacrum from the ilium. To 
ensure consistent positioning on the universal test-
ing machine jig, square bases were integrated into 
the models. A base on the pelvic model was aligned 
parallel to the sacral spinous process, and a base on 
the distal femur was designed (Figure 1) to maintain 
a 114° hip joint angle and 6° abduction angle dur-
ing testing (Figure 2).17,18 All models were fabricated 
using a fused deposition modeling printer with poly-
carbonate (PC) material (natural color).19 Key print 

settings were a layer height of 0.18 mm, a wall thick-
ness of 3.6 mm (to mimic the cortex), and a 60% hex-
agonal infill with an infill line width (mesh thickness) 
of 0.4 mm (to mimic the medullary mesh).

Surgical implants
The implants used for stabilization were 

1.2-mm K-wires (Top Medical Co) and 2.0-mm ∅, 
24-mm-length, self-tapping titanium cortical screws 
(Jeil Medical).

Surgical procedures (experimental groups)
All implant trajectories were preplanned during 

the 3-D–modeling phase, and pilot holes were pre-
formed during the 3-D–printing process to ensure 
consistent placement.

Group 1: SP—A 1.2-mm K-wire was inserted for 
transiliac pinning, guided by a preformed 1.2-mm 
pilot hole. For the single lag screw, a preformed 
1.2-mm pilot hole was used as a guide. A 2.0-mm 
glide hole was created in the ciscortex (ilium) using 
a 2.0-mm drill bit, and a 1.5-mm thread hole was 
drilled in the transcortex (sacrum) using a 1.5-mm 
drill bit. A 2.0-mm cortical screw (24-mm length) 
was then inserted in lag fashion, achieving a screw 
span of 69% of the sacral width.6,7 Screw tightening 
was performed manually to achieve initial fixation 
snugness (finger-tight resistance; Figure 3).

Group 2: DK—Two 1.2-mm K-wires were used. 
The pin positions were preplanned during 3-D mod-
eling and accurately placed, guided by 0.9-mm pilot 
holes that were preformed in the model. The 2 pins 
were placed parallel to each other within the safe sur-
gical corridor. The external tips of the K-wires were 
bent near the iliac cortex to prevent potential soft 
tissue irritation and implant loosening (Figure 3).14

Group 3: DJ—Two 1.2-mm K-wires were used. 
The entry points and all implant dimensions (long 
portion, short portion, and transverse portion) were 
preplanned during the 3-D–modeling phase based 
on the specific model anatomy to ensure safety 
and maximize fixation stability. The 2 “long-portion 
entry points” were located within the established 
safe surgical corridor, identical to the pin positions 
in group 2. The “short-portion entry points” were 
selected to maximize the distance from the long-
portion entry points while maintaining anatomical 
safety, specifically ensuring a minimum distance of 
3 mm from the spinal canal based on model-based 
measurements performed prior to testing.10 The pre-
planned dimensions were as follows: pin 1 (38-mm 
long portion, 8.1-mm short portion, and 2.5-mm 
transverse portion) and pin 2 (38-mm long por-
tion, 10.6-mm short portion, and 3.3-mm transverse  
portion; Figure 4).

The J shape was created using an in situ bending 
technique, performed in the following steps:

1.	 First, a straight 1.2-mm K-wire was inserted into 
the “long-portion entry point,” guided by a pre-
formed pilot hole.

2.	 The wire was advanced until a sufficient length, 
greater than the preplanned “short-portion” 
length, remained outside the entry point.
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3.	 The external portion of the K-wire was then bent 
in situ to create the J shape according to the pre-
planned transverse and short portion dimensions.

4.	 Finally, the newly formed short portion was 
impacted into the “short-portion entry point” 
using a mallet (Figure 3).

Biomechanical test
All constructs (n = 6/group) were tested using 

a universal testing machine (Minos-100S; MTDI). To 
connect the femur model to the pelvic model, tog-
gle pinning was performed using number 2 braided 
composite suture (FiberWire; Arthrex). The pubis 

and ischium were subsequently cut using an oscillat-
ing saw to isolate the SI joint’s contribution to stabil-
ity and prevent any potential interference from the 
pelvic symphysis during testing.10 All samples were 
stabilized at the hip joint through this toggle pinning 
technique to ensure consistent positioning during 
testing (Figure 2). The hip joint was fixed at 114° of 
flexion-extension and 6° of abduction to simulate a 
mid-to-late stance posture in cats and optimize load 
axis alignment through the SI joint.

This angle represents an intermediate value 
between the mean stance angle (approx equal to 
104°) reported by Guillot et al17 and the maximum 

Figure 1—Photographs of the 3-D–printed feline pelvic and right femoral models used to evaluate sacroiliac (SI) sta-
bilization techniques (study period: July through September 2025). The models were fabricated with square bases 
to facilitate standardized biomechanical testing. The pelvic model is shown in cranial (A), ventral (B), and lateral (C) 
views; the right femoral model is shown in cranial (D), lateral (E), and medial (F) views. These models served as the 
anatomical basis for the 3 fixation constructs (single trans-SI lag screw with transiliac pinning [SP], double parallel 
Kirschner [K] wire transiliosacral pinning [DK], and double J-shaped K-wire transiliosacral pinning [DJ]) evaluated 
in this study.
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extension (approx equal to 130°) described by 
Brown et al.18 A vertical compression force test was 
conducted at a speed of 5 mm/min until ultimate fail-
ure. To accurately measure rotational displacement, 
a goniometer was attached to an anchor installed on 
the square base of the pelvic model. This anchor was 
oriented parallel to the sacral spinous process (sag-
ittally), aligning the goniometer’s reference with the 

axis parallel to the direction of the vertical jig com-
pression (Figure 2). During the test, load (Newtons) 
and displacement (millimeters) data were continu-
ously recorded. Load values at specific rotational 
angles (2°, 5°, 10°, and 15°) were extracted for 
analysis. The primary failure load for comparison was 
defined as the load required to cause 10° of rotation 
(corresponding to 4.9 mm of vertical displacement).10

Figure 2—Biomechanical testing setup and 3-D model configuration. The figure illustrates the configuration of the 
3-D–printed pelvic model and the biomechanical testing setup. A—The pelvic model with pubic and ischial osteoto-
mies. The femur model was positioned to maintain a 6° abduction angle (B) and a 114° hip joint (flexion-extension) 
angle (C). D—A close-up view of the goniometer, with the anchor and pointer aligned parallel to each other and to 
the axis of the sacral spinous process for accurate angle measurement. E—The assembled construct, demonstrating 
pelvis-femur connection via toggle pinning, the fixed angular position during testing, and measurement of rotational 
displacement with the goniometer.
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Stiffness for each interval was calculated as the 
average slope (secant stiffness) between the rota-
tional end points. Work to failure was measured up 
to 10° rotation and calculated as the area under the 
load-displacement curve to this displacement.

Statistical analysis
All statistical analyses were performed using statis-

tical software (SPSS Statistics, version 31.0; IBM Corp). 
Due to the small sample size in each group (n = 6), 
a normal distribution of data could not be assumed; 
therefore, nonparametric tests were selected.

The Kruskal-Wallis 1-way ANOVA was used to 
compare differences among the 3 groups. When a 
significant overall difference was detected, pair-
wise Mann-Whitney U tests with Bonferroni cor-
rection were subsequently performed for multiple 
comparisons. The reported P values are Bonferroni 
adjusted. Statistical significance was accepted at P < 
.05 for the Kruskal-Wallis test and at adjusted P < .05  
(α adjusted = .0167) for post hoc comparisons.

Results
A total of eighteen 3-D–printed feline pelvic 

models were prepared, with 6 models fabricated for 
each fixation configuration (SP, DK, and DJ). During 

axial compression testing, the DJ constructs showed 
greater rotational stiffness than the SP and DK 
constructs, particularly in early rotation (Table 1). 
Mean ± SD stiffness at 0° to 2° rotation was greater 
for DJ (24.25 ± 8.46 N/degree) than in SP (7.92 ± 
5.22 N/degree; adjusted P = .018) and DK (7.59 ± 
4.73 N/degree; adjusted P = .015), whereas SP and 
DK did not differ (adjusted P = .99). At 2° to 5° rota-
tion, mean stiffness of DJ (9.15 ± 2.73 N/degree) 
exceeded SP (2.37 ± 1.00 N/degree; adjusted 
P = .006) and DK (2.78 ± 1.06 N/degree; adjusted 
P = .009), with no difference between SP and DK 
(adjusted P = .99). At 5° to 10° rotation, stiffness of 
DJ (10.04 ± 3.14 N/degree) was greater than in SP 
(3.27 ± 1.01 N/degree; adjusted P = .006), whereas 
other group comparisons were not significant.

Maximum load resistance and energy absorption 
followed a similar pattern (Table 1). Maximum load to 
10° rotation was significantly greater for DJ (93.10 ± 
14.26 N) than for SP (33.32 ± 10.59 N; adjusted P = 
.018) and DK (36.59 ± 11.24 N; adjusted P = .018), 
whereas SP and DK showed no difference (adjusted 
P = .657). Similarly, at 15° rotation, DJ maximum 
load (107.15 ± 17.12 N) exceeded SP (36.10 ± 
9.20 N; adjusted P = .009) and DK (44.43 ± 11.46 N; 
adjusted P = .006). Energy absorbed to 10° rotation 

Figure 3—Illustrations and 3-D–printed models demonstrating 3 fixation methods for unilateral SI joint stabilization 
in feline pelvic models. Ventral-view illustrations show the SP technique (A), the DK technique (B), and the DJ tech-
nique (C). Lateral-view 3-D–printed constructs correspond to the SP (D), DK (E), and DJ (F) configurations.
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for DJ (433.65 ± 96.58 mJ) was notably higher than 
for SP (146.46 ± 61.13 mJ; adjusted P = .006) and DK 
(137.71 ± 59.54 mJ; adjusted P = .007), with no dif-
ference between SP and DK (adjusted P = .99).

Discussion
To the authors’ knowledge, this is the first study 

to demonstrate that a DJ technique provides superior 
rotational stiffness and energy absorption in a feline SI 
luxation model, supporting its potential as a clinically 

advantageous alternative to established methods. 
Consistent with this, the DJ technique provided mark-
edly greater rotational stability than both the con-
ventional SP technique and the DK technique. The DJ 
technique demonstrated statistically superior perfor-
mance across all measured parameters, including initial 
stiffness, stiffness during later rotation intervals, maxi-
mum load to 10° and 15° rotation, and work to failure 
(Table 1). This indicates that the DJ construct provides 
greater resistance from initial micromotion up to and 
beyond the defined clinical failure point (10° rotation).

Figure 4—The preoperative plan-
ning and placement of J-shaped 
K-wires for the DJ fixation. A—
Schematic illustration of the 
J-shaped K-wire used in this 
group, indicating its long, trans-
verse, and short portions. B—
Preoperative planning on the 3-D 
pelvic model, including measure-
ment of the short portions (8.1 
and 10.6 mm) and determina-
tion of the long and transverse 
trajectories. C—Final placement 
of 2 J-shaped K-wires in the 
3-D–printed pelvic model in lat-
eral view, where the long-portion 
entry points are marked with 
red dots and the short-portion 
entry points with red arrows and 
yellow dots.

Table 1—Biomechanical outcomes (rotational stiffness, maximum load, and energy absorption) for 3 fixation 
constructs in a 3-D–printed feline sacroiliac (SI) luxation model.
Outcome (unit) SP (n = 6) DK (n = 6) DJ (n = 6)

Rotational stiffness, 
0–2° (N/degree)

7.92 ± 5.22 (2.45–14.21)a 7.59 ± 4.73 (2.45–15.68)a 24.25 ± 8.46 (13.23–38.22)b

Rotational stiffness, 
2–5° (N/degree)

2.37 ± 1.00 (0.49–3.43)a 2.78 ± 1.06 (1.47–3.92)a 9.15 ± 2.73 (4.90–12.74)b

Rotational stiffness, 
5–10° (N/degree)

3.27 ± 1.01 (1.96–4.90)a 5.72 ± 2.90 (3.43–11.27)a,b 10.04 ± 3.14 (6.86–15.19)b

Maximum load to  
10° (N)

33.32 ± 10.59 (20.58–46.06)a 36.59 ± 11.24 (23.52–53.90)a 93.10 ± 14.26 (71.54–115.64)b

Maximum load to  
15° (N)

36.10 ± 9.20 (24.50–48.02)a 44.43 ± 11.46 (30.38–63.70)a 107.15 ± 17.12 (79.38–129.36)b

Energy absorbed to 
10° (mJ)

146.46 ± 61.13 (64.29–245.77)a 137.71 ± 59.54 (75.61–227.83)a 433.65 ± 96.58 (326.14–580.10)b

Values are mean ± SD (range). Adjusted P values of 1.000 are reported as P < .99 in accordance with AVMA journal style. A total 
of eighteen 3-D–printed feline pelvic models (n = 6/group) were tested from August through September 2025 to compare the 
rotational stability of 3 techniques: single 2.0-mm lag screw and 1.2-mm transiliac pinning (SP), 2 parallel 1.2-mm K-wires (DK), 
and two 1.2-mm double J-shaped K-wires (DJ).

K = Kirschner.
a,bSignificant differences (P < .05) based on Bonferroni-adjusted post hoc tests.
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Standardized criteria for defining biomechani-
cal failure of SI joint fixation remain lacking. In this 
study, clinical failure was defined as 10° of rotational 
displacement. This definition was based on trans-
lation of the 5-mm vertical displacement criterion 
used by Hanlon et al10 in canine SI joint evaluation 
to the rotational equivalent in our model geometry 
(approx 4.9-mm vertical displacement corresponded 
to 10° rotation). Although standardized criteria for 
biomechanical failure in SI joint fixation are lacking, 
the criterion used in this study was adopted for com-
parability with this previous key study.10

Notably, the work-to-failure (approx 434 mJ) for 
the DJ group was nearly 3 times higher than that of 
the other 2 groups (approx 146 and 138 mJ, respec-
tively), suggesting a much tougher construct capa-
ble of absorbing significantly more energy before 
failure (Table 1). This high energy absorption capac-
ity may translate to better resistance against impact 
forces experienced during activities like jumping or 
falling.20 Indeed, the mean maximum load sustained 
by the DJ constructs (93 N at 10° and 107 N at 15°) 
exceeded the reported average peak vertical ground 
reaction force during landing from a 1-m height in 
cats (approx 91 N).20 In contrast, the maximum 
loads for groups 1 and 2 were only comparable to 
or slightly above the forces generated during walk-
ing (PVF approx equal to 40% to 50% body weight) 
or trotting (PVF approx equal to 50% to 60% body 
weight).21 This suggests that the DJ technique poten-
tially offers greater stability margin for maintaining 
SI joint reduction even during high-impact activities.

Interestingly, no significant differences were 
found between SP (group 1) and the DK (group 2) for 
any measured parameter. This suggests that simply 
using 2 parallel K-wires may not offer superior rota-
tional stability compared to a single screw (plus pin) 
fixation. Accordingly, the superior performance of DJ 
likely reflects differences in fixation geometry and 
point distribution rather than fixation number alone.

The superior performance of the DJ technique 
(group 3) can be attributed to its unique multi-
point fixation strategy and the intrinsic properties 
of K-wires. Unlike the parallel pins in group 2, the 
DJ technique creates 4 spatially distributed fixation 
points via the long and short portions of each J-pin. 
The short portion provides additional purchase in 
the ilium and parts of the sacrum, potentially act-
ing similarly to the principle of increased stability 
from tricortical support reported for K-wire fixa-
tion in previous contexts.15 This spatial arrangement 
appears critical for enhancing rotational stability. 
According to structural mechanics principles, the 
distance between fixation points (span) significantly 
influences rotational resistance. While increasing 
span initially increases the resisting moment arm 
(Mr = F X s) (Mr = resisting moment, F = fixation 
point, s = excessive span), excessive span can lead 
to increased bending deformation, reducing overall 
torsional stiffness, suggesting that an optimal span 
exists for maximum stability.22,23 The closely spaced 
parallel pins in group 2 may have had a suboptimal 
span. Conversely, the DJ technique, by distributing 

fixation points via the long and short portions, likely 
achieved an arrangement closer to a biomechani-
cally advantageous optimal span, thereby maximiz-
ing rotational resistance.

These observations also contrast with the results 
of Hanlon et al,17 who reported that 2 short positional 
screws provided significantly greater stiffness, yield 
load, and peak load compared to a single long lag 
screw in canine SI joint fixation. Several factors might 
explain this discrepancy. First, the double screws in 
the Hanlon et  al17 study likely achieved rigid initial 
fixation within the bone, contributing significantly 
to stability through their defined span. Conversely, 
the 2 K-wires in our group 2 were placed relatively 
close together, and K-wires generally offer poorer 
purchase in bone compared to screws. This configu-
ration might not have provided a sufficient structural 
advantage to effectively resist rotational moments. 
This highlights that not only the “number” but also 
the “quality of fixation” and the “spatial arrange-
ment” of fixation points are critical to achieving rota-
tional stability.

The short-portion entry points were meticulously 
preplanned to maximize distance from the long-
portion points while ensuring safety relative to ana-
tomical structures, like the spinal canal. Considering 
the narrow safe corridors in the feline sacrum and 
ilium,8,9,24,25 such 3-D model–based preplanning 
remains crucial for clinical application. In this phase, 
the thickest possible K-wire is selected, and its short 
portion’s length is predetermined. Since the J shape is 
prebent before insertion, the depth is inherently con-
trolled by the implant’s geometry. Furthermore, even if 
the short portion deviates from the intended corridor, 
its trajectory inherently directs the tip away from the 
pelvic canal, enhancing the safety margin. Clinically, 
creating a pilot hole with a smaller-diameter K-wire 
can further ensure smooth and precise impaction.

Regarding the intrinsic properties of the 
implants, K-wires lack threads and are therefore not 
susceptible to stability variations with respect to the 
direction of rotation, in contrast to screws, for which 
thread direction has been reported to affect stabil-
ity.26 This suggests that the DJ technique may offer 
uniform resistance against multidirectional rota-
tional forces. The J shape inherently prevents pin 
migration, a known complication,13,27 and reduces 
the loss of initial fixation if minor placement errors 
occur compared to screws.

The hip joint angle for biomechanical testing 
was set at 114° flexion-extension and 6° abduction. 
This posture was chosen to approximate the mid-to-
late stance phase of the feline gait cycle based on 
reports that the hip extends throughout stance and 
reaches maximum extension near the end of stance18 
and kinematic analysis showing an extension extre-
mum around 50% to 55% of the gait cycle.17 The 114° 
angle is an intermediate value between mean stance 
angles (approx equal to 102° to 104°) and maximum 
extension (approx equal to 130°), reflecting physi-
ological posture while aligning the load axis nearly 
perpendicular to the SI joint. The 6° abduction angle 
also falls within the physiological range (neutral to 
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slight abduction) when considering coordinate- 
system differences between studies.17,18 Collectively, 
these parameters allowed the model to reproduce a 
natural weight-bearing orientation while minimizing 
torsional and shear components of the applied com-
pressive load.

Sacroiliac luxation is a common pelvic injury in 
cats,1 often requiring surgical stabilization.4,28 The DJ 
technique, which demonstrated superior mechanical 
performance, involves a unique in situ bending pro-
cedure. This technique might offer the advantage of 
requiring only a single lateral approach.29 However, 
accurately creating the J shape and impacting the short 
portion may require considerable surgical skill as pre-
cise implant placement is crucial.30 Recent advance-
ments using fluoroscopy31 or computer navigation3 
could enhance accuracy. Future studies exploring the 
feasibility of the DJ technique with minimally invasive 
approaches32 or 3-D–printed surgical guides are war-
ranted. Long-term clinical outcomes and complication 
rates for the DJ technique are currently unknown.

This study has several limitations. First, the use 
of 3-D–printed PC models introduces differences 
from the in vivo environment. The material properties 
differ from bone, and the inability to replicate can-
cellous bone architecture may have influenced the 
assessment of screw purchase (group 1). As noted in 
similar studies,14 the absence of soft tissues underes-
timates in vivo stability. While the DJ group primarily 
failed due to K-wire bending, failure in native bone 
might involve microfractures due to lower compres-
sive strength. However, using standardized PC mod-
els was essential to minimize confounding variables, 
such as varying bone quality, allowing for a focused 
comparison of the intrinsic mechanical performance 
of each fixation technique. Second, only a uniaxial 
static loading protocol was used, which does not cap-
ture the effects of cyclic loading or complex multidi-
rectional forces relevant to fatigue resistance. Third, 
species differences must be considered when inter-
preting results alongside canine studies.10,12 Finally, 
while the 10° rotational failure criterion was based 
on previous literature,10 this threshold was derived 
through geometric conversion from a vertical dis-
placement end point and has not yet been clinically 
validated in cats; therefore, its direct correspondence 
to true in vivo failure remains uncertain.

In this 3-D–printed feline SI luxation model, a 
newly devised DJ technique provided significantly 
greater rotational stiffness, maximum load resis-
tance, and energy absorption than both SP and DK. 
These findings support the DJ technique as a biome-
chanically superior option for resisting rotational dis-
placement in feline SI stabilization.
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