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Abstract

Case summary A 7-year-old male castrated domestic shorthair cat was presented for treatment of a bilateral
sacroiliac luxation (SIL). CT was performed and the data were extracted in a stereolithography (STL) file, after
which a 3D-printed drill guide (3DPDG) was devised, using computer-aided design (CAD) software, and printed.
Using an open surgical approach, the guide was used as an aid for drilling the sacrum. The ilial wings were drilled
free-hand later and a transiliosacral pin (TP) was inserted to realign and stabilise the SIL. The cat exhibited an early
return to normal limb function and a CT scan performed at the postoperative follow-up showed early signs of bone
remodelling at the sacroiliac joint.

Relevance and novel information To the authors’ knowledge, this is the first report using a 3DPDG for implant

placement in the feline sacrum without intraoperative imaging.
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Introduction

Sacroiliac luxation (SIL) in cats represents a component
of 16-59.2% of feline pelvic fractures.'* Surgical inter-
vention is recommended for non-ambulatory cases,
those with pelvic canal narrowing surpassing 45%, and
those presenting with neurological deficits and pain.* It
consists of fixation techniques, such as placement of a
lag screw,>7 transsacral screw,® transiliosacral lag screw,’
transsacral screw and nut stabilisation,!? transiliosacral
pin (TP)," transiliac pin/bolt/screw internal fixation'?
and transiliosacral toggle suture.!® The rate of complica-
tions associated with implant misplacement is in the
range of 12.5%!" to 16.6%!'% and consists of placement
ventral to the sacral body, occupation of the vertebral
canal and intervertebral disc, leading to residual lame-
ness!'® and tibial nerve palsy.!” In cats undergoing open
reduction and internal fixation (ORIF), only 34% have
landmarks such as the sacral wing notch,® and the

optimal drilling angle relative to the sacral wing surface
can vary between a maximum of 107° * 6.8° and a mini-
mum of 87°+7.2° (optimum 97°*6.9°).6 For accurate
drilling, employing intraoperative imaging such as
fluoroscopy'® or radiology” are recommended. The use
of a C-guide can facilitate implant placement, but its
application is limited to bilateral SIL.!
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Figure 1 (a) 3D reconstruction of the pelvis and sacrum, showing bilateral ventral sacroiliac luxation (grey arrow) and (b) 3D
reconstruction of the pelvis and sacrum, showing bilateral caudal sacroiliac luxation (grey arrow)

Despite a recent cadaveric study in dogs!® that intro-
duced the use of 3D-printed drill guides (3DPDGs) for
SIL, this technique has not been previously reported in
cats and has yet to be documented clinically in either
species. This case report presents the use of 3DPDG for
TP placement in a cat and compares implant placement
with virtual planning.

Case description

A 7-year-old castrated male domestic shorthair cat was
presented for evaluation after falling from the fifth floor.
Abdominal and thoracic focused assessment with ultra-
sonography for trauma and tracking detected no abnor-
malities. However, thoracic radiographs, performed
awake once stable, revealed evidence of bilateral pulmo-
nary contusions. The patient was non-ambulatory.
Neurological examination revealed the presence of vol-
untary movement but poor spinal reflexes to both pelvic
limbs, where the left seemed to be more affected. Pain
and instability of the mandible and sacroiliac joints (SJs)
were noted on palpation. Serum biochemistry was unre-
markable. Haematology revealed marked anaemia, with
a haematocrit of 15.1%, which dropped to 10% the next
day. The cat underwent hemodynamic stabilisation,
which included a preoperative homologous blood trans-
fusion. Analgesia consisted of methadone 0.1-0.3mg/kg
IV (Comfortan; Dechra) every 4-6h, given according to
the Glasgow Feline Composite Measure Pain Scale,
and meloxicam 0.1mg/kg IV (Metacam; Boehringer
Ingelheim), at initial administration and followed by
0.05mg/kg daily. On the third day of hospitalisation, a
CT scan of the head and pelvis was performed under
sedation, confirming the presence of a bilateral SIL
(Figure 1) and a mandibular symphyseal fracture.

The digital imaging and communications in medicine
(DICOMS) of the patient’s pelvis were imported to an
open-source software platform (3D Slicer, https://www.
slicer.org) where a stereolithography (STL) object of the
sacrum was created, exported and transferred to a com-
puter-aided design (CAD) software (Blenderfordental,
https:/ /www.blenderfordental.com). A guide with a
length of 27mm and a layer thickness of 4 mm was built to
align with the articular surface of the sacrum (Figure 2). A
safe corridor path was created to fit a 2.0mm diameter
implant with a drill guide diameter of 1.8mm. The guide
and the sacrum STL files were transferred to the printer
software and printed in a biocompatible and autoclavable
resin (Dental Ortho Model; Phrozen) using a 3D printer
(Phrozen Mighty 4K; Phrozen).

The cat was premedicated with methadone 0.2mg/kg
IV and medetomidine 0.005mg/kg IV (Dorbene; Zoetis)
and anaesthesia was induced with alfaxalone (Alfaxan;
Zoetis) given intravenously to the desired effect and
maintained with a mixture of isoflurane (IsoFlo; Zoetis)
vaporised in 100% oxygen. The patient was positioned in
sternal recumbency using a conforming, deflatable bean
bag for stability. A bilateral dorsal approach was made
over the cranial dorsal iliac spines. Incisions were made
at the caudal point of the ilial crest and extended along
the ilium’s dorsal surface, sparing the cranial gluteal neu-
rovascular structures. The sacrocaudalis and middle glu-
teal muscles were retracted, and using a Hohmann
retractor, the sacrum and right iliac wing were exposed
for better visualisation of the right SJ, followed by thor-
ough debridement of the sacrum’s articular surface and
removal of residual soft tissues. Using the 3DPDG (Figure
3), a bicortical screw hole was drilled across the sacrum
with a 1.8mm drill bit, ensuring guide stability with
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Figure 2 Virtual planning of the sacral model and 3D guide in computer-aided design software, shown in (a) right lateral and
(b) axial views, and (c) an additional view of the 3D guide. The angle of the corridor in relation to the articular surface of the
sacrum was 106° on the dorsal plane and 107° on the transverse plane

Figure 3 Intraoperative image illustrating the placement of
the 3D-printed drill guide on the sacrum

manual compression. The iliac wings were elevated, and
drilled free-hand from medial to lateral, aiming for the
centre of the visualised medjial articular surface. A smooth
orthopaedic pin (Imex; Veterinary) with a diameter of
2.0mm was then inserted through the iliac pilot hole,
across the sacrum and, finally, through the contralateral
iliac wing. After reducing the SJ, the pin’s exposed
ends were bent and trimmed to secure the fixation.
The wounds were closed routinely. The symphyseal
mandibular fracture was stabilised with cerclage wire

and an oesophagostomy tube was placed to assist in
postoperative care. Although a postoperative CT scan
was not immediately possible, because of technical con-
straints, orthogonal radiographs confirmed the success-
ful implant placement and SJ reduction.

The patient remained hospitalised for the next 72h.
Postoperatively, there was no deterioration in neurological
status, attempting to stand and walk, and the cat was able
to urinate voluntarily. Instructions for discharge com-
prised strict cage rest for the next 6 weeks and administra-
tion of meloxicam (0.05mg/kg PO q24h) for 7days. The
follow-up examination at 6 weeks showed an excellent
recovery to ambulatory function and no signs of discom-
fort or functional deficits (eg, urinary incontinence, spinal
reflexes deficits). On this occasion, a CT scan of the pelvis
was performed using a 64-slice scanner (SOMATOM
Sensation; Siemens Healthcare) with the patient posi-
tioned in ventral recumbency, using the following param-
eters: 120 kV; 200 mAS; and a slice thickness of 0.6mm. The
3D reconstructions were made using a bone algorithm.

The assessment of implant positioning was graded ‘a’
on the adapted Gras? classification (Figure 4).

Smooth remodelling of the bone margins at the SJ
(Figure 5) with a slight dorsal elevation of the left iliac
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Figure 4 Gras adapted classification system: (a) secure placement within the cancellous bone; (b) secure placement,
with contact to cortical bone structures; (c1) ventral malposition, involving penetration of the cortical bone; and (c2) dorsal
malposition, involving penetration of the cortical bone

Figure 5 Coronar (a) and axial images (b) of the sacroiliac stabilisation at the 6-week follow-up, confirming secure placement
of the implant in cancellous bone, without any signs of implant loosening. Note the left ilium is slightly misaligned dorsally
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Figure 6 Comparison between the 6-week postoperative
implant placement trajectory (red) and virtual implant (grey).
The irregular shape of the postoperative implant (red) is due to
CT artefacts. The preoperative and postoperative images of the
sacrum were precisely aligned for a comprehensive evaluation

wing was also noted. The cerclage wire used for the
symphyseal fracture was explanted. A gradual return to
regular exercise over 6 weeks was advised.

An STL file was generated in 3D Slicer for the sacrum
and the TP based on the postoperative DICOMS and
imported into Blenderfordental, where the sacrum was
superimposed over the preoperative planning images
allowing comparison of the planned and actual implant
trajectories. The maximum angular deviation of the
screw showed a deviation of 2.2° in the dorsal plane and
9.5° in the transverse plane. The centre of the implant at
the sacral entry point, as per preoperative planning, was
connected to the centre of the postoperative TP and a
line segment was created that permitted the taking of
measurements along the x- and y-axis, which revealed a
translation of 1.6mm dorsally at the entry point and
2.4mm at the exit point caudoventrally (Figure 6).

Discussion

The goal of surgical treatment for bilateral SIL is to restore
anatomical alignment and facilitate early ambulation,?!
with data in favour of the minimally invasive osteosyn-
thesis (MIO) techniques when compared with the tradi-
tional (ORIF).'® To counteract rotational forces at the level
of the SJ, the use of multiple implants is advised!?? to
prevent pin migration. Parslow and Simpson!! secured
the TP by application of either two ilial bone screws or a
hemicerclage wire. However, in our case, given the SIL
configuration, it was anticipated that a single TP, once
compressed, would effectively sustain bilateral reduction
by conforming to both iliac wings. This assumption was
supported by postoperative CT findings, where secure
placement in the cancellous bone and no sign of implant
failure were noted. A recent study' highlighted the
importance of pre- and postoperative CT scanning to
accurately plan/assess implant placement and for detect-
ing potential issues such as neural canal penetration,
which may not be visible on postoperative radiographs.
Comparison of the virtual preoperative implant and

postoperative implant placement revealed some differ-
ences at the insertion/exit points and trajectory. This dis-
crepancy may be attributed to suboptimal dissection of
the lateral articular surface of the sacrum and ventrally
distracted ilial wing, leading to deviation of the 3DPDG
dorsally (Figure 3) and improper positioning/compres-
sion/holding.

A study reporting the accuracy of sacroiliac reduc-
tion with MIO in cats found a mean screw angulation of
4.5° (range —16.6° to 6.6°) in the dorsal plane and of 1.6°
(range —9.7° to 11.7°) in the transverse plane.’> Our
study showed comparable results. Upon comparing our
results with those of a cadaveric study by McCarthy
et al,’® our technique showed a start point translation of
1.6mm and a deviation of 2.2° in dorsal plane, values
which are similar to those observed in the 3DPDG group
(approximately 2.5mm and 3.9°+3.2°). In the trans-
verse plane, it exhibited a deviation of 9.5°, a value that
is in the upper limit of this study, showing a mean + SD
angle of 5.1°*5.1°, providing no benefit over tradi-
tional techniques (mean 1.2°*0.6° range 0.7°-2.1°).18
Given the narrow 0.5cm? safe corridor of the feline
sacrum,’ there is a potential risk of violating this area
during implant placement. Alternatively, consistent
results were obtained with MIO using a dedicated novel
sacroiliac luxation instrument system, virtually elimi-
nating the staff exposure to radiation.”> Owing to the
limitations of CT scans in accurately reproducing articu-
lar surfaces and the persistence of fibrocartilage attached
to the sacrum in cases of SJ disruption,? it is advisable
to conduct a thorough dissection of the lateral articular
surface before placing the 3DPDG. Although a larger
dissection needed for the use of the 3DPDG may still
negatively impact the outcome, this was not seen in the
presented case and the intraoperative placement was
found to be straightforward, facilitated by the use of
the sterilised sacrum print. The decision to use a 2.0 mm
TP was made to achieve enhanced compression by
bending the pin at a tight 90° at the lateral ilial surface,
as recommended in a previous study.!! However, it is
important to note that in cases where patients present
with concurrent pelvic fractures, a larger threaded
implant should be chosen to provide greater stability.!
A postoperative CT scan showed that the left ilium was
reduced and stabilised slightly more dorsally, resulting
in a less-than-ideal alignment of the SJ. Although a spe-
cific measurement for an acceptable level of malalign-
ment in feline SIL has not been established, the minor
deviation observed did not induce a detrimental out-
come, such as lameness or joint pain.

Conclusions

This case report shows that placement of a TP with the
aid of a 3DPDG is feasible and may reduce the risk of
dorsal or ventral deviation of the sacral safe corridor.
Although this procedure excludes the exposure to
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radiation, detailed MIO techniques using fluoroscopy
can also completely avoid this risk and appear to pro-
vide more consistent results. Craniocaudal deviation,
however, was not improved over traditional ORIF tech-
niques without guides and as such, further improve-
ments in the technique are warranted.
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