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Abstract

Background and Aim: Bilateral sacroiliac joint luxation, a condition primarily observed in cats, can significantly impact
their quality of life. This study aimed to compare a control with three distinct fixation methods to identify the most robust
fixation method capable of withstanding significant tensile stress.

Materials and Methods: Twenty pelvic bone models of cats were made using a 3D printer with polylactic acid plastic.
Each model was assembled by cutting the sacroiliac joints and pelvic girdle symphysis with a handsaw, then bonded with
cyanoacrylate glue. 3D feline pelvic bone models were categorized into four significant groups, each consisting of five
models. The study discovered that the three groups used distinct fixation methods: Two lag screws (DS), K-wires at the
ilium wing and sacroiliac joints (TK), and K-wires at the sacroiliac joints (DK). The final group, not fixed, was the control.

Results: The results were characterized further through a mechanical compression force test using a universal testing machine.
The most robust method at the sacroiliac joints, the DK technique, sustained a maximum force of up to 183.86 N while maintaining
the correct bone alignment. The fixation method is more accessible and faster to implement in comparison to the DS method.

Conclusions: The DK group exhibited the greatest maximum load capacity among all groups. Sacroiliac joint luxation
treatment can effectively be addressed using the K-wires fixation method. However, the DK need space of sacral body same
as DS for fixation. Further clinical study should be performed.
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Introduction limited sacral area for secure screw insertion due to
its decreased size (0.5 cm?) [6, 9]. Complications such
as screw loosening and pelvic narrowing have been
reported post-surgery [2, 10—12]. Several studies have
examined sacroiliac joint injury fixation techniques in
cats, but the biomechanics of these methods require
further investigation [6, 7, 13—18]. Three-dimensional

In small animal clinics, pelvic injuries are fre-
quently reported due to trauma [1—4]. Pain and pelvic
narrowing might result in obstructed bowel move-
ments, compromising the animal’s quality of life
and even resulting in death. Sacroiliac joint luxation,

a common pe!wc njury, can occur on either side. (3D)-printed models are frequently employed for frac-
Treatment options vary; conservative measures are .o styidies to minimize confounding factors compared
employed when the ilium is slightly dislocated from  {J {1aditional dry or fresh bone methods [19-23]. 3D
the. sacrum, whereas surgical- intervention involving  ,rinting is used to create a physical model from com-
fixing the ilium to the sacrum is necessary under com- puted tomography (CT) scan data. The screws and
plete dislocation [5]. K-wires are employed for securing the sacroiliac joint.

Fixing the ilium wing on the sacral wing’s This study aimed to assess the effectiveness of
facet with two lag screws is the standard method  varying methods for repairing bilateral luxation of
for stabilizing the sacroiliac joint [6-8]. Cats have a  the sacroiliac joint in a feline pelvic model. Double

: : - screws, one transiliac pin, and two pins were used for
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universal mechanical testing machine. Animals were
not used in this study so, ethical approval of animal
use was not necessary.

Study period and location

This study was conducted 4 months, from March
to June 2023, at the Faculty of Veterinary Medicine
and Faculty of Engineering, Kasetsart University,
Bangkok, Thailand.

Model preparation

The pelvic model of a 4-kg cat was scanned
using CT for reasons unrelated to this research.
Digital imaging and communications in medicine files
were converted to stereolithography files using the 3D
Slicer 4.11.20210226 software (https://www.slicer.
org). Twenty pelvic models were printed in 3D using
polylactic acid (PLA) plastic material on a 3D printer
(Ultimaker S5, Utrecht, Netherlands). The junction
between the sacrum and ilium was cut using a saw
blade. The pelvic models were then categorized into
four groups: Control, double lag screws (DS), transil-
ial pinning with one transiliosacral pinning technique
(TK), and double K-wire transiliosacral pinning tech-
nique (DK).

Fixation methods

In the control group, the sacroiliac joints of both
models were joined using cyanoacrylate glue. In the
DS group, both sacral body sites were drilled using
a 1.5-mm drill bit, and the holes were tapped using
a 2.0-mm tapper. Both sites of the ilium body were
drilled with a 2.0-mm drill bit. A 2.0-mm screw was
inserted from the hole in the ilium to that in the sacral
body on both sides, and additional 2.0 mm screws
were inserted in the sacroiliac joint to prevent counter
rotation.

In the TK, a 1.4-mm K-wire was inserted from
the lateral side of the ilium wing to the sacral body,
penetrating out to the lateral side of the opposite ilium
wing. The tip of the K-wire passing out from the ilium
body was bent, pulled back, bent again, and cut.

In the DK, double K-wires were inserted from
the ilium wing through the sacrum body, emerging
from the opposite ilium wing. Both tips of the K-wire
were bent, pulled back, bent again, and the remain-
ing K-wire was cut. The fixation methods used in this
study are shown in Figure-1.

Mechanical testing

The feline pelvic models were secured with a
mounting base at the sacral body in an upside-down
position to stabilize the model. A compression force
was applied from the top of the models to the pubic
area, aligned with both acetabula, using a univer-
sal mechanical testing machine (Hounsfield Model
HS50KS, England) at a speed of 10 mm/min (Figure-2).
Changes in distance were recorded in millimeters, and
the force was recorded as Newton (N). The force was
applied until the structure experienced fixation failure.

Statistical analysis

Loads were recorded in Newton, and maxi-
mum bearing loads were calculated as averages and
respective standard deviations. The data distribution
was tested using the Shapiro test, while the Fligner-
Killeen test was used to test variance. The maximum
loads borne by various feline pelvic models were
compared using a one-way analysis of variance.
Significant differences between various groups were
tested using Tukey’s Honest Significant Difference
in the R programing language (R Core Team [2021]).
R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna,
Austria. URL: https://www.r-project.org/.)

Results

The group means of the maximum loads (mea-
sured in N) are presented as mean =+ standard devi-
ation, as shown in Table-1. A comparison of group
means indicated that the DK group borne the highest
maximum loads, while the control group had the low-
est maximum bearing loads. The mean maximum load
of the DK group was significantly different from that
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Figure-1: Various fixation methods of the bilateral luxation in cat’s pelvic models. (a) Control, (b) double lag screws,
(c) one transilial pinning with one trans-iliosacral pinning, and (d) double K-wire trans-iliosacral pinning technique.
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of the control group, whereas the maximum load of
DK was not significantly different from that of the DS
and TK groups.

Figure-3 shows a plot between the average load
(n) and distance (mm) measured in the control, DS,
TK, and DK groups. Although the slopes of the curves
were similar, the peak maximum loads differed.

The stiffness (N/mm) of the samples measured
for each group was 22.85, 22.20, 20.02, and 25.91
for the control, DS, TK, and DK groups, respectively.
The stiffness of the DK group was the highest in this
study, whereas the TK group had the lowest stiffness.

Table-1: Maximum load (N) measured for each group
and present as mean £ SD.

Group Mean of the maximum load (N) +SD

Control 91.84 +36.87
DS 137.90 +64.69
TK 120.18 +20.89
DK 183.86* +30.86

*Indicates a significant difference (p < 0.05) between
the given group and the control. DS=Double lag screws,
TK=0ne transilial pinning with one trans-iliosacral pinning
technique; DK=A double K-wire trans-iliosacral pinning
technique.

W

Figure-2: Mechanical loading on the ventral part of a
pelvic bone model at the acetabulum level to simulate the
physiological loading of the hindlimb in cats.
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Figure-3: Average variation in the loads for each group
during the mechanical testing.

This may be because the TK group uses only a pin
that fixes the ilium with the sacral body, which acts as
the pivot point, whereas the DS and DK groups have
double fixation that eliminates the pivot point.

Discussion

Bilateral sacroiliac joint luxation occurs in
approximately 60% of the cases of total sacroiliac
joint luxation in cats [24]. A pelvic canal narrowing
exceeding 45% causes defecation problems and pain.
Megacolon and constipation can result from pelvic
narrowing [24]. Mismanagement post-pelvic fracture
can jeopardize both patient survival and perceived
quality of life.

Bilateral sacroiliac joint luxation in cats can be
treated surgically or conservatively. To effectively
treat surgically, DS should be used to attach the ilium
wing to the sacral body [2, 6, 9]. Although effective,
the double-screw technique encounters several chal-
lenges. Inserting screws into the limited space of the
sacral body can be challenging, and the diameter of
the screws must account for 25%-50% of the sacral
wing in a normal cat [25]. 62% of the reported cases
showed screw loosening following sacroiliac joint fix-
ation as a result of pelvic narrowing [26]. The preci-
sion of sacral screw insertion was assessed using CT
or fluoroscope [27, 28]. Small screws with a diameter
under 2.0 mm necessitate advanced surgical meth-
ods for insertion. Our study indicates that the K-wire
method for sacroiliac joint luxation treatment is less
complicated than the double-screw method, involves
fewer tools, and entails fewer steps. The quicker tran-
siliosacral pinning method involves using K-wires,
which, despite their speed advantage, risk soft tissue
irritation due to their sharp tips [29]. To prevent soft
tissue irritation and loosening of the implant, our study
suggests bending the K-wire tip near the ilium cortex.

The DK group displayed the most bilateral sac-
roiliac joint luxation fixations, while the TK group
showed the least. The TK procedure using the smaller
space was simpler and less space-consuming com-
pared to the DK technique, with minimal differences
observed between TK, DS, and DK groups. In the
clinical cases of bilateral sacroiliac joint luxation,
the TK group may be useful for fixing the ilium wing
to the sacral body, whereas the other K-wire, which
fixes both ilium wings, can prevent pelvic narrowing
post-fixation. The technique for transiliac pining in
this study was based on the results of a study on the
safe corridor for transiliac pin placement [30]. The
average maximum load in the DS group was not sig-
nificantly different from that in the TK and DK groups,
suggesting that all techniques can be used for treating
bilateral sacroiliac joint luxation. Furthermore, the TK
and DK techniques require only two K-wires for fixa-
tion, making them cost-effective compared to the DS
technique.

To measure the loading direction, we measured
the physiological load of a cat’s weight bearing on
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the acetabulum. A previous study by Schnabl and
Bockstahler [31] in 2015 reported that the reaction-
ary force to the pelvic limb can be directed in three
directions, with the ground reaction force being the
most significant. The average peak vertical force on
each hind limb of a cat (body weight between 3.8 and
6.6 kg) ranged from 19.92 to 20.02 N [32]. Based on
these reports, all fixation methods in our study are
suitable for treating sacroiliac joint luxation in cats.
To study the biomechanics of fixation devices,
we used plastic PLA pelvic models printed using a
3D printer to eliminate the confounding factors pres-
ent in dry or fresh bone samples [33]. The PLA’s
similar density to normal cat tibia (1.3 g/cm®) and
ulna (2.0 g/cm?®) [34] avoided influences on mechan-
ical outcomes when compared to tests on dry bone.

Conclusion

A feline pelvic plastic model’s bilateral sacroil-
iac joint luxation was analyzed mechanically in this
study. The DK group exhibited the greatest average
maximum load capacity among all the tested groups.
There was no significant difference in the maximum
loads borne by all fixation groups. In cats, where there
is limited space in the sacral body compared to dogs,
K-wire fixation is a promising alternative to the widely
used DS fixation for treating sacroiliac joint luxation.
The transiliac pinning technique can help prevent
complications related to sacroiliac joint luxation, like
pelvic canal narrowing. In mechanical testing, the DK
fixation technique outperforms, but the available sacral
space for two K-wires is constricted, as is the case in
the DS group. The TK technique uses less sacral space
than the DK technique. The use of DK and TK tech-
niques for sacroiliac joint luxation treatment in cats
during surgeries can enhance surgical time efficiency
and precision of device penetration. Future studies
should investigate the clinical use of these fixation
methods for sacroiliac joint luxation in cats.

Authors’ Contributions

CT: Conceptualization, data analysis, and drafted
the manuscript. TJ, KL, NK, PiP, and PaP: Conducted
the experiment, data analysis, and drafted the man-
uscript. SP: Conducted the experiment and drafted
and edited the manuscript. All authors have read,
reviewed, and approved the final manuscript.

Acknowledgments

This study was funded by the Faculty of
Veterinary Medicine, Kasetsart University, Thailand.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1.

2.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lanz, O.I. (2002) Lumbosacral and pelvic injuries. Vet. Clin.
North Am. Small Anim. Pract., 32(4): 949-962, vii—viii.
Meeson, R. and Corr, S. (2011) Management of pelvic
trauma: Neurological damage, urinary tract disruption and
pelvic fractures. J. Feline Med. Surg., 13(5): 347-361.
Witte, P. and Scott, H. (2012) Conditions of the feline pelvic
region. Practice, 34(9): 498-511.

Wighton, H., Kelly., N., Walker, M., Drees, R., ONeill, D.G.
and Martineau, H.M. (2023) Characteristic and comparison
of fractures caused by non-accidental injury and road traffic
accident in cats. J. Comp. Pathol., 203: 85-87.

Yurtal, Z., Altug, M.E., Isler, C.T., Deveci, M.Z.Y.,
Alakus, 1., Kirgiz, O., Alakus, H. and Kaya, U. (2022)
Sacroiliac luxations in cats: Surgery or conservative treat-
ment? Rev. Cient., 32: 1-8.

Shales, C., Moores, A., Kulendra, E., White, C., Toscano, M.
and Langley-Hobbs, S. (2010) Stabilization of sacroiliac
luxation in 40 cats using screws inserted in lag fashion. Vet.
Surg., 39(6): 696-700.

Burger, M., Forterre, F., Waibl, H. and Brunnberg, L. (2005)
Sacroiliac luxation in the cat. Part 2: Cases and results.
Kleintierpraxis, 50(5): 287-297.

Ganesh, T., Faqihah, 1., Nur Atikah, H., Rumaizi, S., Nur
Zulaikha, M. and Shalinie, C. (2021) Surgical stabilisation
of sacroiliac fracture-luxation with a lag-screw in a cat.
Malays. J. Vet. Res., 12(1): 72-78.

Burger, M., Forterre, F. and Brunnberg, L. (2004) Surgical
anatomy of the feline sacroiliac joint for lag screw fixa-
tion of sacroiliac fracture-luxation. Vet. Comp. Orthop.
Traumatol., 17(3): 146—-151.

Bennett, D. (1975) Orthopaedic disease affecting the pelvic
region of the cat. J. Small Anim. Pract., 16(11): 723-738.
Jacobson, A. and Schrader, S.C. (1987) Peripheral nerve
injury associated with fracture or fracture-dislocation of the
pelvis in dogs and cats: 34 cases (1978—1982). J. Am. Vet.
Med. Assoc., 190(5): 569-572.

Bookbinder, P.F. and Flanders, J.A. (1992) Characteristics
of pelvic fracture in the cat. Vet. Comp. Orthop. Traumat.,
5(3): 122-127.

Kudnig, S.T. and Fitch, R.B. (2004) Trans-ilial and trans-
sacral brace fixation of sacral fracture and sacroiliac luxa-
tions (seven cases). Vet. Comp. Orthop. Traumatol., 17(4):
210-215.

Leasure, C.S., Lewis, D.D., Sereda, C.W., Mattern, K.L.,
Jehn, C.T. and Wheeler, J.L. (2007) Limited open reduction
and stabilization of sacroiliac fracture-luxations using fluo-
roscopically assisted placement of a trans-iliosacral rod in
five dogs. Vet. Surg., 36(7): 633—643.

Borer, L.R., Voss, K. and Montavon, P.M. (2008) Ventral
abdominal approach for screw fixation of sacroiliac luxa-
tion in cadavers of cats and dogs. Am. J. Vet. Res., 69(4):
542-548.

Fischer, A., Binder, E., Reif, U., Biel, M., Bokemeyer, J. and
Kramer, M. (2012) Closed reduction and percutaneous fixa-
tion of sacroiliac luxations in cats using 2.4 mm cannulated
screws-a cadaveric study. Vet. Comp. Orthop. Traumatol.,
25(1): 22-27.

Tomlinson, J. (2020) Minimally invasive repair of sacroil-
iac luxation. Vet. Clin. North Am. Small Anim. Pract., 50(1):
231-239.

Froidefond, B., Moinard, M. and Caron, A. (2023)
Outcomes for 15 cats with bilateral sacroiliac luxation
treated with transiliosacral toggle suture repair. Vet. Surg.,
52(7): 983-993.

Chen, C., Cai, L., Zheng, W., Wang, J., Guo, X. and
Chen, H. (2019) The efficacy of using 3D printing mod-
els in the treatment of fractures: A randomised clinical trial.
BMC Musculoskelet. Disord., 20(1): 65.

Nigl, K., Reisinger, A. and Pahr, D.H. (2022) The bio-
mechanical behavior of 3D printed human femoral bones

Veterinary World, EISSN: 2231-0916

1801



Available at www.veterinaryworld.org/Vol.17/August-2024/16.pdf

21.

22.

23.

24.

25.

26.

27.

based on generic and patient-specific geometries. 3D Print.
Med., 8(1): 35.

Jitprapaikulsarn, S., Chantarapanich, N., Gromprasit, A.,
Mahaisavariya, C., Sukha, K. and Chiawchan, S. (2023)

(2019) Evaluation of fluoroscopic-guided closed reduction
versus open reduction of sacroiliac fracture-luxations sta-
bilized with a lag screw. Vet. Comp. Orthop. Traumatol.,
32(6): 467-474.

Dual plating for fixation failure of the distal femur: Finite 28.  Wills, D.J.,, Neville-Towle, J., Podadera, J. and
element analysis and a clinical series. Med. Eng. Phys., Johnson, K.A. (2022) Computed tomographic evaluation of
111: 103926. the accuracy of minimally invasive sacroiliac screw fixation
Jitprapaikulsarn, S., Chantarapanich, N., Gromprasit, A., in cats. Vet. Comp. Orthop. Traumatol., 35(2): 119-127.
Mabhaisavariya, C., Sukha, K. and Rungsakaolert, P. (2024) 29.  McCartney, W.T., Comiskey, D. and MacDonald, B. (2007)
Nonvascularized fibular graft with locking screw fixation Use of transilial pinning for the treatment of sacroiliac sepa-
for metaphyseal bone loss of distal femur: Biomechanical ration in 25 dogs and finite element analysis of repair meth-
assessment validated by a clinical case series. Eur J. ods. Vet. Comp. Orthop. Traumatol., 20(1): 38-42.
Orthop. Surg. Traumatol., 34(1): 659-671. 30. Garcia-Pertierra, S., Meeson, R., Yeung, B., Bedford, G.
Jitprapaikulsarn, S., Chantarapanich, N., Apivatthakakul, T., and Pead, M.J. (2021) Defining a safe corridor for trans-il-
Gromprasit, A., Lertvilai, P., Sukha, K., Wanchart, S. and iac pin placement in cats. Aust. Vet. J., 99(6): 242-248.
Mahaisavariya, C. (2023) Comparative study of mechanical 31. Schnabl, E. and Bockstahler, B. (2015) Systematic review
performance of various fixation constructs in multifragmen- of ground reaction force measurements in cats. Vet. J.,
tary distal humeral shaft fracture: A finite element analysis. 206(1): 83-90.
Eur. J. Orthop. Surg. Traumatol., 34(3): 1287-1296. 32. Schnabl-Feichter, E., Tichy, A., Gumpenberger, M. and
Langley-Hobbs, S.J., Meeson, R.L., Hamilton, M.H., Bockstahler, B. (2018) Comparison of ground reaction
Radke, H. and Lee, K. (2009) Feline ilial fractures: A pro- force measurements in a population of Domestic Shorthair
spective study of dorsal plating and comparison with lateral and Maine Coon cats. PLoS One, 13(12): e0208085.
plating. Vet. Surg., 38(3): 334-342. 33. Thitiyanaporn, C., Wasanasuk, K., Shomwiwat, N.,
Philp, H., Durand, A. and De Vicente, F. (2018) Use of com- Plangngan, P., Panmongkol, P., Suranunt, P. and
puted tomography to define a sacral safe corridor for place- Jaroensong, T. (2021) Mechanical testing of paraosseous
ment of 2.7 mm cortical screws in feline sacroiliac luxation. clamp-cerclage stabilization compared to interfragmentary
J. Feline Med. Surg., 20(6): 487—493. wiring and combination technique in L-shape acrylic plate
Hamilton, M.H., Evans, D.A. and Langley-Hobbs, S.J. simulate to canine mandibular fracture. Vet. Integr. Sci.,
(2009) Feline ilial fractures: Assessment of screw loosening 20(1): 107-116.
and pelvic canal narrowing after lateral plating. Ver. Surg., 34. Nithijane, P., Pradit, W., Kongteung, P., Chomdej, S. and
38(3): 326-333. Nganvongpanit, K. Comparative bone density in radius and
Rollins, A., Balfour, R., Szabo, D. and Chesvick, C.M. tibia of dogs and cats. Vet. Integr. Sci., 13(3): 147-152.
skoskeoskoskoskokskok

Veterinary World, EISSN: 2231-0916

1802



