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Biomechanical Comparison of Double 2.3-mm
Headless Cannulated Self-Compression Screws
and Single 3.5-mm Cortical Screw in Lag Fashion
in a Canine Sacroiliac Luxation Model: A Small
Dog Cadaveric Study
AhRan Kang1,� Haebeom Lee1,� Arim Lee1 Yoonho Roh2 Bokyun Sim3 Jaemin Jeong1

1College of Veterinary Medicine, Chungnam National University,
Yuseong-gu, Daejeon, Republic of Korea

2Division of Animal Surgery, Department of Clinical Veterinary
Medicine, Vetsuisse Faculty, University of Bern, Bern, Switzerland

3Graduate Program of Biomedical Engineering, Yonsei University,
Seoul, Republic of Korea

Vet Comp Orthop Traumatol

Address for correspondence Bokyun Sim, MS, Graduate Program of
Biomedical Engineering, Yonsei University, Seoul 03722, Republic of
Korea (e-mail: bklin83@gmail.com).

Jaemin Jeong, DVM, PhD, College of Veterinary Medicine, Chungnam
National University, 99 Daehak-ro, Yuseong-gu, Daejeon, 34134,
Republic of Korea (e-mail: klmie800@cnu.ac.kr).

Keywords

► sacroiliac luxation
► headless cannulated

self-compression
screw

► lag screw
► biomechanical study
► dog

Abstract Objective The aim of this study was to evaluate the feasibility of safe positioning of
double 2.3-mm headless cannulated self-compression screws (HCS) in a small dog
cadaveric sacroiliac luxation model and to compare the static rotational biomechanical
properties of fixation repaired using two different screw systems with a minimally
invasive osteosynthesis technique: double 2.3-mm HCS and a single 3.5-mm standard
cortical screw placed in a lag fashion.
Study Design A unilateral small dog sacroiliac luxation model was stabilized using
double 2.3-mm HCS (n¼ 11) or a single 3.5-mm cortical screw (n¼11). Radiographic
and computed tomography (CT) imaging analyses and biomechanical testing of
rotational force on the sacroiliac joint of both fixations were performed. The maximum
load at failure and failure modes of each fixation were recorded and compared.
Results Fluoroscopically guided percutaneous application of double HCSwas safe in a
unilateral sacroiliac luxation model in small dogs without violation of the vertebral and
ventral sacral foramen. Furthermore, resistance to rotational force applied on fixation
of the sacroiliac joint repaired with double 2.3-mm HCS estimated by maximum
failure load was significantly higher than that of a single 3.5-mm cortical screw
(p<0.001).
Conclusion Although this was an experimental cadaveric study, based on our results,
the use of smaller double HCS may be beneficial as an alternative to the conventional
single lag screw for stabilization of sacroiliac luxation in small dogs.
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Introduction

Sacroiliac luxation is the traumatic dislocationof the iliacwing
from the sacrum that commonly occurs with other orthopae-
dic injuries in small animals. In a retrospective study, of dogs
with sacroiliac luxation, 77% had unilateral sacroiliac injury
and 85% had concurrent orthopaedic injuries.1 Conservative
management is acceptable for minimally displaced sacroiliac
luxation;however, surgical stabilization is indicated in casesof
narrowed pelvic canal, displacement that causes signs of pain
and nonambulatory state, or neurologic deficits.2,3

Placement of a single cortical or cancellous screw of the
largest diameter in lag fashion is the most common surgical
treatment for sacroiliac luxation.1,4 Although postoperative
loosening rate of lag screw fixation for canine sacroiliac
luxation has been reported to be as high as 38%, favorable
outcomes can be obtained when the screw engages at least
60% of the sacral width.1,2,4 Pullout force and resistance to
shear and bending forces increase as the screw diameter
increases; however, a single larger screw cannot effectively
increase the relative resistance to rotation forces compared
with double smaller screws.5,6 Nonetheless, placement of
double screws in a sacral body is challenging and requires a
high degree of precision because of the narrow anatomical
safe corridor in the canine sacrum.2,4,7–9

Alternatively, a headless cannulated self-compression
screw (HCS) has an advantage in precision because the screw
can be placed over a positional guidewire under fluoroscopic
guidance.10 Currently, the cannulated screw system is used as
a surgical treatment option for internal fixation in human
pelvic, articular, or periarticular small bone and joint sur-
gery.11–13 In veterinary medicine, constructs repaired with
3.0-mm HCS in the canine humeral condylar fracture model
showedno difference in the quality of anatomical reduction or
yield loads comparedwith constructswith3.5-mmcortical lag
screw fixation.14 However, despite the advantages of HCS and
mechanical properties of double screw placement, there is a
lack of clinical or biomechanical studies on HCS placement for
sacroiliac luxation repair in veterinary medicine.

The primary objective of this study was to evaluate the
feasibility of safe positioning of double 2.3-mm HCS in a
small dog cadaveric sacroiliac luxationmodel. Our secondary
aim was to compare the static rotational biomechanical
properties of fixation repaired by two different screw sys-
tems with a minimally invasive fixation technique: double
2.3-mmHCS and single 3.5-mm cortical screw (CS) placed in
lag fashion. Our first hypothesis was that safe positioning of
double 2.3-mm HCS in the sacral body is possible under
fluoroscopic guidance. Our second hypothesis was that
double 2.3-mm HCS would show superior static mechanical
properties to a single 3.5-mm cortical lag screw when
standing ground reaction forces were applied.

Materials and Methods

Specimens and Preparation
Twenty-two canine cadavers weighing less than 10kg from
various breeds euthanatized for reasonsunrelated to the study

were included in the ex vivo study after obtaining informed
owner consent. Ethics approval for the cadaveric study proto-
col was not required by the Institutional Animal Care and Use
Committee of Chungnam National University. All cadavers
were stored at –20°C and thawed 24hours before preparation
of the luxation model and subsequent implantation at room
temperature. To induce the simulated sacroiliac luxationmod-
el as described previously,15 hemipelvic sides were randomly
selected and the ipsilateral pubis and ischiumwere transected
using an oscillating saw. Through a ventral approach to the
pelvis, the iliumwas separated from the sacrumusing a no. 11
blade and an osteotome.

Preimplantation Radiographic and Computed
Tomography Evaluation
Radiographic and computed tomography (CT) measurements
were performed by a single radiologist (AL). Preimplantation
radiographs were obtained to confirm the induction of luxa-
tion and to estimate thepreimplantationpelvic canal diameter
ratio (PCDR) and hemipelvic canal width ratio (HCWR).16,17

Preimplantation CT (Alexion, Toshiba Medical System, Japan)
was performed to estimate the sacral diameter and adequate
screw length. The sacral diameter was estimated by a best-fit
circle on the sacral sagittal plane, and the percentage of screw
size to the sacral diameter was calculated.18 The length of the
implants was chosen to penetrate approximately 70% of the
sacral width in the 3.5-mm CS group and 70% for the first and
40% for the second screws in the 2.3-mm HCS group.

Implantation Technique
One surgeon (JJ) performed all implantation procedures.
Pelvic positioning and reduction of the sacroiliac joint
were evaluated under fluoroscopic guidance (Philips Health-
care, Best, The Netherlands).18 Total implantation time was
recorded from confirmation of reduction to completion of
screw placement for each cadaver. Double 2.3-mm HCS
fixation (►Fig. 1) was performed by modifying a reported
surgical technique.15 An 18-gauge needle was inserted per-
cutaneously as an aiming device for guidewire placement at
the center of the sacral body for primary screw placement
based on visual assessment using fluoroscopic guidance. A
0.8-mm Kirschner wire was inserted into both the ilium and
the sacrum through the needle. The insertion of the Kirsch-
ner wire was stopped before resistance from the far cortex of
the sacrumwas felt, and the position of thewirewas assessed
using fluoroscopy. A second guidewire was inserted in the
same fashion through the percutaneous 18-gauge needle
parallel to the first guidewire at the desired location for
the second screw placement, approximately 4mm dorso-
caudal to the first Kirschner wire (►Fig. 1A), and needles
were removed. Stab incisions were made along the belly of
the glutealmuscle adjacent to thewires, and a drill guidewas
positioned over the preplaced Kirschner wire. Afterward, a
cannulated drill bit was driven over the preplaced Kirschner
wire through the iliac wing into the sacral body. If the
Kirschner wire was jammed and it pulled out during the
drill bit removal process due to bone debris, a new Kirschner
wire of the same length was manually inserted into the
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corresponding position. The drilled depth was measured
using a cannulated depth gauge over the Kirschner wire. A
2.3-mm titanium HCS (thread diameter (Ø) 2.3mm, core Ø
1.8mm, and head Ø 3.1mm; Jeil Medical, Republic of Korea)
was placed over the first guidewire (►Fig. 1B) until com-
pression was achieved. Subsequently, the second screw
insertion was performed in the same manner. Fixation of
sacroiliac luxation using 3.5-mm 316L stainless steel CS
(thread Ø 3.5mm, core Ø 2.4mm, and head Ø 6mm; Synthes,
Switzerland) in lag fashionwas performed routinelywith the
minimally invasive fixation technique.16,19

Postimplantation Radiographic and Computed
Tomography Evaluation
All medical images were reviewed using an image software
(Zetta PACS, TaeYoung Soft, Republic of Korea). Postimplan-
tation PCDR and HCWR were also assessed. Screw length
within the sacral body was estimated as a percentage of the
screw length in the sacral width on ventrodorsal radio-
graphs.1 Postimplantation CT was performed to estimate
the percentage of craniocaudal reduction (CCR) and dorso-
ventral reduction (DVR) of the sacroiliac joint, craniocaudal
angle (CCA) and dorsoventral angle (DVA) of each screw
(►Fig. 2), mean entry points of the screws, and cranial
margin of the first ventral sacral foramen.18,20 Positive
CCA or DVA value was defined as the angle of deviation
cranially or dorsally from the transverse plane or dorsal
plane, respectively. Negative values indicated caudally or
ventrally directed angles. Mean entry points of the screws
were evaluated on the lateral surface of the sacral body in the
transverse and dorsal planes on CT multiplanar reconstruc-
tion images.20 Distances of the center of the screw from the
cranial end plate of the sacral body in the dorsal plane and
from the ventral limit of the spinal canal in the transverse
plane were estimated (►Fig. 2C, F) and transferred to a two-
dimensional plane with conversion to ratios to the sacral
diameter of each dog (►Fig. 3). Furthermore, distance of the
cranial margin of the first ventral sacral foramen was esti-

mated at the dorsal and ventral points in the dorsal and
transverse planes, and the measurements were transferred
to a two-dimensional plane in the same manner. Y-values of
the dorsal points were assumed to be 0. Lines connecting the
mean values of the dorsal and ventral points are presented as
a schematic diagram (►Fig. 3).

Mechanical Test
To conduct mechanical tests, pelvises of 22 cadavers were
harvested after fixation. Pelvic limbs and vertebral spines
were disarticulated at the coxofemoral joint and level of the
lumbosacral and sacrocaudal junctions, respectively.
Remaining soft tissues on the pelvis were dissected. The
distance between the nearest edge of the two inserted screw
heads was measured using a digital caliper in the HCS group.
Specimens were then stored in sealed plastic bags at –20°C
wrapped with saline-soaked cotton gauze and thawed for
12 hours beforemechanical testing at room temperature. The
contralateral intact iliumwas luxated and discarded, and half
of the sacrum was potted in a designed jig with methyl
methacrylate resin (Trayplast, Vertex, the Netherlands). A
test was designed to estimate the maximum rotational force
at the sacroiliac joint before failure by simulating the ground
reaction force on a hindlimb bymodifying a previousmethod
(►Fig. 4).6 The implanted sacrumwasmounted on top of the
load cell of the testing machine (ElectroPuls E1000, Instron.
Corp., United States). A metal bar simulating the femur was
mounted and matched to the acetabulum to distribute the
load. The angle between the shaft of the bar and iliac long
axis was set at 108 degrees to simulate the standing position
of a normal dog.6 The hemipelvis was slowly advanced
downward, causing a rotational force to be delivered to the
repaired construct, and the applied load was recorded. The
testing machine provided a constant displacement of
0.099 cm/s. A load–displacement curve was plotted for
each sample, and the maximum tolerated load of each
fixation was obtained at the point of fixation failure. Load
at failure was defined as the point at which the first sudden

Fig. 1 Implantation procedures of 2.3-mm HCS placement under fluoroscopy guidance. (A) Two guidewires are inserted parallelly through the
percutaneous needle. The second guidewire (��) is placed dorsocaudally to the first wire (�). A stab incision was made along the belly of the
gluteal muscle adjacent to the wires, and a drill guide was positioned over the preplaced Kirschner wire. Afterward, a cannulated drill bit was
driven over the preplaced Kirschner wire through the iliac wing into the sacral body. (B) Insertion of the first 2.3-mm HCS over the guidewire.
The second wire (��) is slightly tilted to facilitate screw insertion. (C) Placement of double 2.3-mm HCS is assessed using fluoroscopy. HCS,
headless cannulated self-compression screw.
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Fig. 2 Postimplantation computed tomography evaluation. (A,D) CCR and DVR are calculated as the length of the sacral wing in
contact with the iliac joint surface divided by the total length of the sacral wing at the level of the screw (b/a and c/d, respectively). (B,E) CCA and
DVA are measured on multiplanar reconstruction views and is defined as the angle between the axis of the screw and the transverse and dorsal
plane, respectively, at the level of screw. Positive values of CCA or DVA are defined as the angle of deviation cranially or dorsally from the
transverse plane or dorsal plane, respectively. Negative values indicate caudally or ventrally directed angle. (C) X-values of the distance of the
center of the screw from the cranial margin of the sacral body in dorsal plane are evaluated. (F) Y-values of the distance of the center of
the screw from the ventral border of the neural canal in the transverse plane are estimated. CCA, craniocaudal angle of screw; CCR, craniocaudal
reduction of the sacroiliac joint; DVA, dorsoventral angles of screw; DVR, dorsoventral reduction of the sacroiliac joint.

Fig. 3 Schematic diagram of the mean entry positions of the screws and mean points of the cranial edge of the first sacral ventral
foramen converted to the sacral diameter ratio. The x-axis and y-axis correspond to the ventral aspect of the spinal canal and cranial end plate of
the sacrum, respectively. The axes of the ellipse imply 95% confidence interval of the mean entry positions on the x-axis and y-axis. A line
connecting the mean values of dorsal and ventral points of the cranial boundary of sacral ventral foramen is drawn. The minimum x-values
of 95% confidence interval of the mean dorsal and ventral points are connected with an oblique line and maximum x-values of those points are
connected in the same manner. The section is marked in red. d, sacral diameter, Sx, x-value of the mean cranial edge point of the first
sacral ventral foramen, Sy, y-value of the mean cranial edge point of the first sacral ventral foramen.
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decrease in load occurred on the load–displacement curve.
The moment arm estimated from the center of the acetabu-
lum to the center of the fixation point was recorded to
calculate the rotational force acting on sacroiliac fixation.
Mean maximum rotational force tolerated by each fixation
method at failure was calculated as follows6:

where F is the maximum load tolerated and l is the moment
arm. The failure mode of each construct was also recorded.

Statistical Analysis
An a priori power analysis was performed using statistical
software (G�Power V3.1.9.2x, Dusseldorf, Germany) to estimate
the number of pelvises required for the study. A sample size of
11 pelvises for each group was estimated based on α¼0.05,
power¼0.9, and an estimated effect size (ES; d¼1.731918)
when using the mean and standard deviation (SD) torsional
disruptive forces following double versus single screw configu-
ration for repairing sacroiliac luxation model in a previous
cadaveric study.6 The final sample size was 11 pelvises, with
anticipation of 20% expected dropout. A post hocpower analysis
was conducted onmaximum failure load following each group
to calculate ES (d¼1.5206358) with a power of 0.91.

All non-power-related statistical analyses were performed
using SPSS software version 26 (IBM Corp., Chicago, IL, United
States). Assumption of normality of all continuous numerical
datawas assessed using the Shapiro–Wilk test. Student’s t-test
was used to analyze and compare the mean values (�SD) of
bodyweight, implantation time, percentageof screwsengaged
in the sacrum, percentage of screw diameter per sacral diam-
eter, CCR,DVR, andmaximumfailure loadbetween thegroups.
Pre- and postimplantation values of mean� SD of PCDR and
HCWR were also compared within each group using the
Wilcoxon signed-rank test. The CCA, DVA, and mean entry

points of the screws of the 2.3-mmHCS group and 3.5-mm CS
group were compared using one-way analysis of variance.
Comparisons between the left and right maximum failure
loads within each group were conducted using the Mann–
Whitney U test. Fisher’s exact test was used to determine the
difference in failuremodes between groups after themechan-
ical test. Statistical significance was set at p � 0.05.

Results

Descriptive Data
Data were collected from the pelvises of 22 canine cadavers
of various breeds. The mean body weights of the cadavers
(2.3-mm HCS: 6.21�1.52 kg, 3.5mm CS: 6.11�2.13 kg)
were not significantly different between the groups
(p¼0.899). The mean total time required for screw place-
ment was 712�138 seconds in the 2.3-mm HCS group and
379�109 seconds in the 3.5-mm CS group (p<0.001). The
mean distance between the nearest edge of two 2.3-mmHCS
heads was 0.99�0.67mm (range: 0.3–2.6mm), and there
was no impingement between the screw heads.

Imaging Evaluation
Objective measurements were estimated using the pre- and
postimplantation imaging modalities (►Table 1). All screws
were positioned in the sacral body without any violation of
the spinal canal orfirst ventral sacral foramen in both groups.
The mean percentages of screw length purchased within the
sacrum reached the target value by more than 70 and 40% in
the first and second screws in the 2.3-mm HCS group,
respectively, and more than 70% in the 3.5-mm CS group.

PCDR and HCWR estimated between the preimplantation
(p¼0.943 and 0.491) and postimplantation (p¼0.876 and
0.949) values were not significantly different between the
groups. CCR (p¼0.245) and DVR (0.703) of the sacroiliac
joint on postimplantation CT were evaluated, and neither
was significantly different between the groups.

Fig. 4 Mechanical test of fixation to rotational force. Test setup of (A) double 2.3-mm HCS fixation and (B) single 3.5-mm CS fixation. The
implanted sacrum was mounted on top of the load cell. The testing machine slowly applied a load (red arrow) to the sacrum, which induced a
rotational force (white arrow) to be delivered to the repaired construct. CS, cortical screw; HCS, headless cannulated self-compression screw.
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Mean CCA (p¼0.954) and DVA (p¼0.992) of the first
and second 2.3-mm HCS were not significantly different
between the screws. Neither of these angles was statistically
different from the mean CCA (p¼0.195) and DVA (p¼0.704)
of the 3.5-mm CS.

A schematic diagram (►Fig. 3 and ►Table 2) shows the
mean entry positions of the screws, which were determined
by using the centers of the screws, and themeanpoints of the
cranial edge of the first sacral ventral foramen converted to
the sacral diameter ratio. No significant differences in the
position on the transverse (p¼0.664) and the dorsal planes
(p¼0.751) of the first 2.3-mm HCS and 3.5-mm CS were
observed. The center of the second 2.3-mm HCS was located
at 3.93�0.76mm caudal compared with the center of the
first screw, which was approximately 12% caudal to the best-
fit circle of sacral diameter. Lines connecting themeanvalues
of the dorsal and ventral points of the cranial boundary of the
first sacral ventral foramen and the 95% confidence interval

of the x-values for each point were drawn obliquely. Two of
11 second 2.3-mm HCS were located within this interval;
however, none violated the first sacral foramen.

Mechanical Test
Maximum load tolerated by each fixationwas observed in all
hemipelvises, and objective measurements were tabulated
(►Table 3). Mean� SD failure load (p¼0.002) and rotational
force (p¼0.002) estimated at maximum failure were signifi-
cantly higher for 2.3-mmHCS than for 3.5-mm CS. The mean
failure load (kgf) was not significantly different between the
left and right sides of the hemipelvis in either 2.3-mm HCS
(left: 4.17�2.67; right: 3.69�2.11; p¼0.792) or 3.5-mm CS
group (left: 0.73�0.30; right: 1.48�0.48; p¼0.052).

Loss of anatomical reduction of the sacroiliac joint was
observed visually as rotational failure in all hemipelvises of
both experimental groups (►Fig. 5A, B). Neither the 2.3-mm
HCS nor the 3.5-mm CS head was pulled out of the ilium

Table 1 Objective measurements estimated on pre- and postimplantation imaging

Double 2.3-mm HCS group Single 3.5-mm CS group p-value

Sacral diameter (mm) 6.15� 0.85 5.71� 0.56 0.169

Screw diameter/sacral diameter (%) 38.06�5.37a 61.79� 5.95a <0.001

Screw length within sacrum (%) First Second 71.91� 3.36

73.18�5.58 45.39� 3.82 0.526b

Pre Post Pre Post

PCDR 1.31� 0.12 1.33� 0.11 1.31� 0.12 1.33�0.10 0.859c

0.422d

HCWR 0.95� 0.12 0.89� 0.12 0.98� 0.04 0.89�0.14 0.109c

0.083d

CCR (%) 91.04�7.11 87.34� 7.41 0.245

DVR (%) 86.04�9.34 84.36� 10.91 0.703

CCA (degrees) First Second 4.39� 4.34

1.19� 3.68 1.73� 4.87 0.195

DVA (degrees) –1.82�4.30 –2.02� 3.33 –0.70� 4.21 0.704

Abbreviations: CCA, craniocaudal angle of screw; CCR, craniocaudal reduction of the sacroiliac joint; CS, cortical screw; DVA, dorsoventral angles of
screw; DVR, dorsoventral reduction of the sacroiliac joint; HCS, headless cannulated self-compression screw; HCWR, hemipelvic canal width ratio;
PCDR, preimplantation pelvic canal diameter ratio.
aStatistically significant differences.
bp-value between the first screw of the 2.3-mm HCS group and the 3.5-mm CS.
cp-value in the 2.3-mm HCS.
dp-value in the 3.5-mm CS group.

Table 2 Mean entry positions of screws and mean points of cranial edge of the first sacral ventral foramen converted to the sacral
diameter ratio

X Y

First Second First Second

Double 2.3-mm HCS group (n¼11) 0.64� 0.15 1.12�0.15a –0.50�0.17 –0.43� 0.23

Single 3.5-mm CS group (n¼11) 0.70� 0.19 –0.44�0.13

Dorsal point of ventral sacral foramen (n¼ 22) 1.25� 0.13 0

Ventral point of ventral sacral foramen (n¼ 22) 1.52� 0.15 –0.80�0.10

Abbreviations: CS, cortical screw; HCS, headless cannulated self-compression screw.
aStatistically significant among the x-values of the first and second 2.3-mm HCS, and 3.5-mm CS.

Veterinary and Comparative Orthopaedics and Traumatology © 2023. The Author(s).

Comparison of Double 2.3-mm HCS and Single 3.5-mm CS in a Canine Model Kang et al.



surface after the test. The mode of failure was remarkably
different between the groups (►Table 4). In the HCS group,
loss of stability occurred mainly at the sacrum while the
trailing thread engaged in the ilium, and cortical bone
fracture and breakage of three screw heads (two first screws
and one second screw) were observed (►Fig. 5). Meanwhile,
in all hemipelvises fixated with 3.5-mm CS, the head of the
screw maintained its original position, and the ilium rotated
around the screw. None of the 3.5-mm CS had implant
bending or breakage.

Discussion

This study demonstrated that fluoroscopically guided per-
cutaneous application of double HCS was safe in a unilateral
sacroiliac luxation model in small dogs without violation of
the vertebral canal and ventral sacral foramen. Moreover,

resistance to rotational force applied on the fixation of the
sacroiliac joint repaired with double 2.3-mm HCS estimated
by maximum failure load was significantly higher than that
of a single 3.5-mm CS. Therefore, our hypotheses were both
accepted.

A surgical anatomy study of the canine sacrum for lag
screw fixation reported that the area for correct screw
placement on the lateral surface of the sacral wing is slightly
larger than 1 cm2 even in large-breed dogs.2 In a study that
placed two screws within the sacral body, the authors
reported that approximately 20% of screws were not suc-
cessfully placed in the target area.21 The ventral limit of the
spinal canal overlaps with the dorsal 45% of the sacral wing
height, and the first ventral sacral foramen limits the safe
corridor to the caudal 20% of the sacral wing length.4 Owing
to this anatomical structure, the second 2.3-mmHCS has the
potential to damage the spinal canal or the first sacral

Table 3 Objective measurements of mechanical test to rotational force on each fixation

Double 2.3-mm HCS group Single 3.5-mm CS group p-value

Maximum failure load (kgf) 3.91�2.51a 1.14� 0.58a 0.002

Moment arm (cm) 3.62�0.36 3.70� 0.41 0.631

Maximum rotational force at failure (kgf-cm) 14.30� 9.50a 4.16� 1.96a 0.002

Abbreviations: CS, cortical screw; HCS, headless cannulated self-compression screw.
aStatistically significant differences.

Fig. 5 Failure modes of test groups. Rotational failure of hemipelvis is observed in all hemipelvises of both experimental groups (A and B, red
arrows). (A) In hemipelvises using single 3.5-mm CS lag screws, loss of fixation at the level of screw head without implant pullout or breakage is
observed. (B) In the 2.3-mm HCS group, the heads of the screws rotated together while trailing threads are engaged in the ilium. (C) Cortical
bone fracture of sacral dorsal lamina (arrow) and (D) vertebral body ventral to the screws (asterisk), and (E,F) breakage of screw heads
(arrowheads) are observed in the 2.3-mm HCS group. In the other samples of the double 2.3-mm HCS group, the screws lost their stability within
the cancellous bone of the sacral body. CS, cortical screw; HCS, headless cannulated self-compression screw.
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foramen. However, despite the narrow anatomy of the safe
corridor and caudal position of the secondary screw in this
study, double 2.3-mm HCS were inserted safely using a
cannulated screw system without iatrogenic damage to
the adjacent structure.

The angles between the first and second 2.3-mm HCS
estimated by CCA and DVAwere almost parallel as intended.
Although it was described that two screws inserted diver-
gent from each other show better mechanical properties in
rotational and axial loading,22–24 insertion of a double screw
divergently in this study was impossible considering the
anatomical aspects on preimplantation CT. Mechanically,
when two lag screws are placed parallelly, the second screw
can provide an additional compression force as well as limit
the rotational force.24 Additionally, CCA and DVA in our
study show more variable results than the target point
compared with previous results reported by Déjardin and
colleagues.18 This result could be a technical issue because
we adjusted the aiming device by hand rather than a custom
fixture. As another concern, we did not apply ametal artifact
reduction protocol to analyze the CT data, which may have
affected these results due to artifact errors.

Two-point fixation with double smaller screws showed
higher maximum failure load to rotational, bending, and
shear forces than a single larger screw in the static mechani-
cal test of conventional lag screws in the canine sacroiliac
luxation model.6 Moreover, the second screw can act as a
rotational force neutralizer, and superior clinical outcomes
have been obtained in human scaphoid fractureswhen using
double HCS.25 However, there have been no such studies in
small dog sacroiliac luxation models with small HCS. Al-
though we used a titanium HCS, which has lower stiffness
and a higher occurrence of elastic deformation than stainless
steel implants, double 2.3-mm HCS showed approximately
3.4 times greater resistance to the rotational force than
single stainless steel 3.5-mm CS based on our results.26

Therefore, the findings of this study are consistent with
those of previous reports on the benefits of an additional
antirotation screw. However, we did not conduct cyclic
loading or other translational motion tests to evaluate the
effect of repeated loading on the fixation constructs, which
could further mimic clinical situations regarding fatigue
failure of fixation constructs or implants. Further bio-
mechanical studies are necessary to ensure the safety of
applying double 2.3-mm HCS in clinical cases.

The failure modes between the two fixation systems were
markedly different, which may have resulted from the differ-
ent principles of compression and the presence of the second
screw acting as an antirotational stabilizer. In hemipelvises
repaired using 3.5-mm CS in the lag fashion, the compression
force that stabilized theconstructswas lostbetweenthescrew
head against the surface of the ilium. Meanwhile, in fixations
using double 2.3-mmHCS, loss of stability occurredmainly at
the sacrum, while the trailing thread engaged in the ilium.
Moreover, breakage of the screw head was observed. This
differencemayhaveoccurredbecause thesecondHCSallowed
the stress to be distributed comparedwith the single screw.25

In addition, we did not apply the 3.5-mm CSwith awasher toTa
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reduce thevariables that canaffect theexperimental results, as
the application of a washer depends on the surgeon’s prefer-
ence and patients.2,16,19,21,27,28 However, the washer allows
more compression to be generated by distributing the com-
pressive force over a large area.29Several studies have reported
that thecompression that the trailing threadsofaHCSachieves
is far inferior to that of an Arbeitsgemeinschaft für Osteosyn-
thesefragen (AO) screw with a washer.29–31 Therefore, if the
3.5-mmCSwere used in conjunctionwith awasher, the failure
loads andmodeswould be different. Another clinical dilemma
arising from our finding is whether treating a sacroiliac
luxationthroughdoubleHCSisuniversally indicated.Although
hemipelvises repaired with double 2.3-mm HCS showed
higher maximum failure load compared with the 3.5-mm CS
group, the result couldbemoredebilitating toa clinical patient
if complications such as sacral body fracture or failure oc-
curred. Therefore, further clinical studies on using double 2.3-
mm HCS for sacroiliac luxation are necessary to provide
information on the risk regarding the application of double
HCS and ensure clinical safety.

One of the interesting findings in our study was that the
difference inmean failure load between the left and right sides
in the single 3.5-mm CS groupwas close to being significantly
different (p¼0.052). We used the conventional right-handed
CS, which tightened the sacroiliac joint in the clockwise
direction. However, when a standing ground reaction force
was applied to the left side, the torsional force would have
acted in the anticlockwise direction to the sacroiliac joint.
Therefore, it may have contributed to showing weaker results
compared with the opposite side in maintaining torque.32 In
addition, the statistical significance may have been affected
becausewe did not control for the variables such as the length
and torque of the screws. Further investigations on the failure
load according to the screw application sides and thread
directions in the clinical setting are needed.

Several limitations of this study should be considered when
translating the results into clinical situations. First, because of its
ex vivo nature and our testing methodology, our study does not
mimic actual weight-bearing conditions, and soft-tissue support
was absent.33–35 In clinical cases,fibrous tissue formation around
the sacroiliac joint followed by initial fixation may provide
additionalresistancetotherotational force.Furthermore, induced
luxation of the sacroiliac joint model did not have changes,
including muscle contracture and edema of the surrounding
soft tissue or other pelvic injuries. Therefore, difficulties in the
reduction and safe placement of double HCSmay differ from the
clinical cases. However, our experimental findings highlight the
usefulness of augmentation with a second screw for sacroiliac
luxation with regard to acute failure load in a clinical setting.
Second, since only one surgeon performed the procedures, the
results related to experience may vary. Finally, we did not use a
metal artifact reduction protocol during the CT scan. Therefore,
there could be artifact errors in the measurements of the mean
insertion angles and entry points of the screws.

The feasibilityof safe placementofdouble 2.3-mmHCS in a
cadaveric small dog sacroiliac luxation model was confirmed
in this study. Further, our results suggest that constructs

using double 2.3-mm HCS are mechanically superior to the
resistance of the rotational force than single 3.5-mm CS
placed in the lag fashion. Although this was an experimental
cadaveric study, based on our results, the use of smaller
double HSCmay be beneficial as an alternative to the conven-
tional single lag screw for stabilization of sacroiliac luxation
in small dogs. Further investigations on the clinical applica-
tion of 2.3-mm HCS are necessary.
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