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Abstract

Objective: To compare pin placement accuracy, intraoperative technique devi-

ations, and duration of pin placement for pins placed by free-hand probing

(FHP) or 3D-printed drill guide (3DPG) technique.

Sample population: Four greyhound cadavers.

Methods: Computed tomography (CT) examinations from T6-sacrum were

obtained for determination of optimal pin placement and 3DPG creation. Two

3.2/2.4-mm positive profile pins were inserted per vertebra, one left and one

right from T7–L7 (FHP [n = 56]; 3DPG [n = 56]) by one surgeon and removed

for repeat CT. Duration of pin placement and intraoperative deviations (unan-

ticipated deviations from planned technique) were recorded. Pin tracts were

graded by two blinded observers using modified Zdichavsky classification.

Descriptive statistics were used.

Results: A total of 54/56 pins placed with 3DPGs were assigned grade I (opti-

mal placement) compared with 49/56 pins using the FHP technique. A total of

2/56 pins placed with 3DPGs and 3/56 pins using the FHP technique were

assigned grade IIa (partial medial violation). A total of 4/56 pins placed using

the FHP technique were assigned grade IIIa (partial lateral violation). No pins

were assigned grade IIb (full medial violation). Intraoperative technique devia-

tions occurred with 6/56 pins placed using the FHP technique and no pins

with 3DPGs. Overall, pins were placed faster (mean ± SD 2.6 [1.3] vs. 4.5 [1.8]

min) with 3DPGs.

Preliminary results of this study were presented in part at the ECVS Annual Scientific Meeting, 7–9 July 2022, Porto, Portugal.
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Conclusions: Both techniques were accurate for placement of spinal fixation

pins. The 3DPG technique may decrease intraoperative deviations and dura-

tion of pin placement.

Clinical relevance: Both techniques allow accurate pin placement in the canine

thoracolumbar spine. The FHP technique requires specific training and has learn-

ing curve, whereas 3DPG technique requires specific software and 3D printers.

1 | INTRODUCTION

Vertebral fractures and luxations represent an important
cause of spinal cord injury in dogs.1–11 The goal of sur-
gery is to achieve rigid fixation while avoiding injury to
surrounding neurologic, visceral and vascular structures.6

Spinal stabilization is technically challenging and associ-
ated with risk of vertebral canal violation.7,12 Use of pins
and polymethylmethacrylate (PMMA) offers a strong and
versatile method of spinal stabilization.13 A variety of
options exist for insertion of pins or screws in the canine
spine, including a free-hand technique based on preoper-
atively calculated pin entry points and angles,14 a
pedicle-probing technique,5,6 use of patient-specific
3D-printed drill guides (3DPGs),7,15–20 and fluoroscopic-
guided.1,21 In people, robotic and image-guided spine sur-
gery allow real-time intraoperative navigation, and are
associated with reduced radiation exposure, increased
accuracy and safety of implantation, and reduced surgical
time; however, there are no clinical reports of use of this
technology in veterinary spine surgery.22

Investigators have investigated safe corridors for
instrumentation of the canine thoracolumbar spine.23

Fluoroscopic-guided pin placement has been described in
a canine ex-vivo study21 and a small retrospective case
series1; however, this technique may be associated with
greater radiation exposure for the surgeon and patient.24

A pedicle-probing technique has been described for pedi-
cle screw placement in people and in dogs.5,6,25 It
involves creation of a cortical defect (decortication) at the
pedicle screw/pin entry site, probing of cancellous bone
of the pedicle to establish a safe trajectory before drilling
the pilot hole for the definitive screw/pin.5,6 Recently,
use of 3DPGs has become increasingly popular in veteri-
nary spine surgery.7,15–18,20,26 This technique is appealing
due to the technical challenge associated with spinal
instrumentation and the high degree of accuracy required
for safe implant placement. Use of 3DPGs has been
described for the cervical, thoracic and lumbosacral spine
in dogs and is associated with a very high degree of accu-
racy.7,15–18,20,26 However, spinal fractures need to be trea-
ted without delay, and the hardware and software
required to produce these guides are not universally
available. Expertise is also required in computer-assisted

design (CAD) software and 3D printers may be expensive.
Given the variety of techniques for pin placement, more
research is needed to compare accuracy between tech-
niques and guide clinical decision making.

Study objectives were to compare a free-hand probing
technique (FHP) versus use of 3DPGs for pin placement
in the canine thoracolumbar spine. We evaluated accu-
racy, rate of intraoperative technique deviations, and
duration of pin placement in a cadaveric model. We
hypothesized that the 3DPG technique would be associ-
ated with greater accuracy, a lower rate of intraoperative
technique deviations, and decreased duration of pin
placement compared with the FHP technique.

2 | METHODS

2.1 | Sample population

Four skeletally mature greyhound cadavers euthanized
for reasons unrelated to this study were included. Ethical
approval was granted by the primary author's institution
(AREC-E-20-11-Mullins). Cadavers were numbered and
stored at �20�C until thawed for use.

2.2 | Preinstrumentation computed
tomography

A 16-slice helical computed tomography (CT) scanner
(SOMATOM Scope, Siemens, Germany) was used. All
scans were obtained at the primary author's institution.
Transverse sections (0.75-mm thickness) were obtained
from T6 to sacrum. DICOM images were exported into
image viewing software (Horosproject.org; Annapolis,
Maryland). After image acquisition, cadavers were refro-
zen until instrumentation.

2.3 | Randomization of technique and
order of pin insertion

Seven functional spinal units (FSUs) (T7–8 through L6–7)
were instrumented bilaterally in each cadaver. The order in

2 MULLINS ET AL.
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which FSUs was instrumented was determined a priori
using random sequence generator (www.random.org)
(Table 1). Two 3.2/2.4-mm positive profile pins (Interface
pins, IMEX, Longview, Texas) were inserted in each verte-
bra, one left and one right (4 per FSU), and then removed
immediately after placement. Method of pin insertion (FHP
or 3DPG) in the first FSU of the first two cadavers to be
operated was determined a priori by coin toss and then
alternated to achieve equal group numbers (Table 1). In
total, 56 pins were placed in 28 vertebrae using each
technique.

2.4 | Design and creation of 3DPGs

Digital Imaging and Communications in Medicine (DICOM)
images were imported into 3D planning software
(Mimics v21, 3-Matic v15, Materialise, Belgium) and vir-
tual models of preselected vertebrae and 3DPGs based on
safe pilot hole trajectories were created by a board-
certified neurologist (J.G.). All guides were unilateral and
designed as previously described,18 with a 2.0-mm inter-
nal diameter that matched the pilot hole for the FHP
technique, and variable guide tube length ranging from
24 to 30 mm (Figure 1). The footprints of individual
3DPGs were variable in dimensions but were designed in
such a way that they incorporated anatomical landmarks
with a snug fit. Guides were printed using biocompatible
resin using a stereolithography (SLA) printer (Surgical
Guide resin, Form 3B, Somerville, Massachusetts) with
0.1 mm layer height (resolution).

2.5 | Preoperative planning for FHP
technique

For the FHP technique, primary and assistant surgeons
used CT multiplanar reconstruction (MPR) images
(Horos) for determination of (i) optimal pin entry and
exit points, which were based on a best fit line that

bisected the pedicle and exited as close as possible to
the ventral vertebral midline in the thoracic spine, and
a line that extended from the base of the accessory pro-
cess (L1–6) and crossed the ventral vertebral midline in
the lumbar spine (Figure 2); (ii) pin insertion angles
(based on optimal pin entry and exit points) relative to
the sagittal plane and (iii) expected pin tract lengths.
The optimal pin entry point in the thoracic spine was
based on the location of the accessory or mammillary
process as previously described.6 In the lumbar
spine (L1–6), the optimal pin entry point was at the
level of the base of the accessory process. The optimal
entry point for L7 was in a more dorsally located posi-
tion at the base of its cranial articular process.5,12 All
measurements were obtained from MPR images with
the dorsal plane axis parallel to the vertebral canal
floor in the sagittal plane, and the sagittal plane axis
bisecting the vertebral body in the dorsal plane and the

TABLE 1 Randomization of functional spinal units and method of pin insertion.

Cadaver Functional spinal units and pin insertion techniques

1 T9‐10 L2‐3 T11‐12 L4‐5 T7‐8 L6‐7 T13‐L1

FHP 3DPG FHP 3DPG FHP 3DPG FHP

2 T11‐12 T13‐L1 L2‐3 T7‐8 L6‐7 L4‐5 T9‐10

3DPG FHP 3DPG FHP 3DPG FHP 3DPG

3 T9‐10 L2‐3 T11‐12 L4‐5 T7‐8 L6‐7 T13‐L1

3DPG FHP 3DPG FHP 3DPG FHP 3DPG

4 T11‐12 T13‐L1 L2‐3 T7‐8 L6‐7 L4‐5 T9‐10

FHP 3DPG FHP 3DPG FHP 3DPG FHP

FIGURE 1 3D-printed vertebral model of T9-10 of cadaver

3 with the corresponding left-sided T9 3D-printed drill guide

(3DPG) in place.

MULLINS ET AL. 3
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spinous process/vertebral body in the transverse plane
(Figure 2).

2.6 | Spinal instrumentation

The spine was stabilized with dogs in sternal recum-
bency, thoracic limbs extended cranially, and pelvic
limbs flexed on either side of the abdomen. A dorsal
approach to the thoracolumbar spine was performed
extending from T6-sacrum. The epaxial musculature was
reflected bilaterally, without disruption of the supraspi-
nous or interspinous ligaments. Duration of pin place-
ment was recorded as the time (in seconds) from
scraping the surface of the bone with a freer elevator for
placement of 3DPGs or to locate optimal pin entry point
for the FHP technique until completed pin placement.
The time taken to perform initial dissection was not
recorded. Occurrence and type of intraoperative tech-
nique deviations in pin placement, defined as any unan-
ticipated deviations from planned surgical technique and
unrelated to postoperative modified Zdichavsky grade,15

were recorded and compared between techniques.

2.7 | Free-hand probing technique

The FHP technique (Video S1) involved: (1) creation of a
cortical defect (decortication) using a 2-mm drill bit at

the optimal pin entry point (based on preoperative CT)
and exposure of cancellous bone; (2) palpation of the cor-
tical defect with 1.1-mm Kirschner wire (k-wire) to con-
firm absence of canal breach; (3) advancement of the
blunted 2.0 mm Steinmann pin acting as a probe
(Figure 3) for �5–10 mm at an angle guided by a goniom-
eter, with as much length of pin left exiting the chuck as
possible; (4) pin removal and palpation of the initiated
tunnel with a k-wire to confirm absence of canal breach;

FIGURE 2 Transverse (A, E) and sagittal (F) plane multiplanar reconstruction (MPR) images, maximum intensity projection dorsal

image (B), volume rendered 3D reconstruction images (C, G), and intraoperative images demonstrating location of ideal pin entry point in

thoracic (D) and lumbar (H) vertebrae. In images (A, E), dog's left is to the right; in image (B), cranial is to the top; and in images (C, D,

F, G, and H), cranial is to the left. In image (B), the blue dot represents ideal pin entry point on the left.

FIGURE 3 Blunted 2.0 mm Steinmann pin acting as a probe.

4 MULLINS ET AL.
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(5) further pin advancement a distance of �5–10 mm;
(6) probe removal and palpation of the tunnel with a k-
wire to confirm absence of canal breach; (7) drilling of a
2.0-mm pilot hole, being careful to follow the same tra-
jectory as the probe, and exiting through the ventral ver-
tebral cortex; (8) palpation of the pilot hole with a k-wire
to confirm absence of canal breach; (9) measurement of
the pilot hole length; (10) marking the measured length
on the positive profile pin; (11) insertion of 3.2/2.4 mm
positive profile pin at low speed, being careful to follow
the pilot hole; and (12) removal of the positive profile pin
(Figure 4). The same technique was repeated on the con-
tralateral side of that vertebra, before proceeding to the
next vertebra of that FSU. The probe size corresponded
to �50%–75% the width of thoracic pedicle on pre-
operative MPR transverse plane images. The angle of
Steinmann pin insertion was checked on all occasions
before advancement using a goniometer. Two

3.2/2.4-mm pins were placed in each vertebra, with the
right pin directed slightly cranially and the left pin
slightly caudally. All pins were inserted by a board-certi-
fied surgeon (R.A.M.) assisted by third year ECVS resi-
dent-in-training (J.E.R.), over a period of 2 weeks. The
primary surgeon had substantial experience in spinal sur-
gery in dogs, had performed the FHP technique in a
small number of clinical cases, and adapted the FHP
technique from previous descriptions6 and in consulta-
tion with one author (K.H.K.).6 In the T7–T10 spine, the
accessory process was identified and the pin entry point
created just medial thereto in the mid-to-cranial aspect of
the transverse process (Figure 2). For T10–T13, at which
the mammillary process typically becomes associated
with the cranial articular process and the accessory pro-
cess transitions from the transverse process to a more
medial location similar to the cranial lumbar vertebrae,
an additional measurement consisting of the distance

FIGURE 4 Intraoperative images of a dissected thoracolumbar spine demonstrating creation of the cortical defect (A), palpation of

cortical defect with 1.1-mm k-wire to confirm absence of canal breach (B), advancement of 2.0 mm blunted Steinmann pin (probe) (C),

palpation of initiated tunnel with k-wire to confirm absence of canal breach (D), further advancement of Steinmann pin (E), palpation of

tunnel with k-wire to confirm absence of canal breach (F), drilling of pilot hole in same trajectory as probe (G), palpation of pilot hole with

k-wire to confirm absence of canal breach (H), depth gauge insertion and measurement of pilot hole length (I), marking of measured pilot

hole length on positive profile pin (J), insertion of positive profile pin at low speed (K), removal of positive profile pin (L). In images (A–I, K,
and L), cranial is to the left.

MULLINS ET AL. 5
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from the costovertebral junction to the ideal pin entry
point was obtained from preoperative MPR images. In
the lumbar spine (L1–6), the optimal pin entry point was
at the level of the base of the accessory process
(Figure 2).

2.8 | 3DPG technique

Soft tissues were meticulously removed over areas of bone
to ensure precise and complete contact of guide footprint.
3DPGs were held firmly in position by hand, and a 2.0-mm
drill bit was used to create a pilot through the guide sleeve.
The guide was removed, pilot hole measured with a depth
gauge, and appropriate length of positive profile pin
inserted at low speed. The pin was then removed.

2.9 | Post-instrumentation CT

CT was repeated after spinal instrumentation from T6-
sacrum using the previously described protocol and
assessed in Horos. Using MPR, the dorsal and transverse
plane axes were aligned with each pin tract trajectory and
graded on transverse plane images (Figure 5). Grading was
performed once by two independent observers (board-
certified radiologist [S.H.] and board-certified neurologist [J.
G.]) using a modification of the modified Zdichavsky classi-
fication (Figure 6) described by Elford and colleagues.15 Dis-
crepancies between observers were reviewed together on
one occasion and a consensus reached.

2.10 | Statistical analysis

Descriptive statistics were used. Data are summarized
by N (%) or mean ± SD. Data related to modified

Zdichavsky classification grade and duration of pin place-
ment for each technique are presented for the thoracic
spine, lumbar spine, and overall.

3 | RESULTS

Four greyhound cadavers were included, two males and two
females. Bodyweights included 25.0, 27.0, 31.0, and 34.5 kg.

3.1 | Accuracy of pin placement

Agreement between the two observers was present for
104/112 pin tracts. Disagreement was present for eight pin
tracts and consisted of three cases in which a discrepancy
between a grade IIa versus grade I was agreed by consensus
as being a grade I, a further three cases in which a discrep-
ancy between a grade IIIa versus grade I was agreed by con-
sensus as being a grade I, one case in which a discrepancy
between a grade IIa versus grade I was agreed as being a
grade IIa, and a further case in which a grade IIIa versus
grade I was agreed as being a grade IIIa.

Overall, 54/56 pins placed with a 3DPG were assigned
grade I compared with 49/56 pins placed using the FHP
technique (Figure 7, Table 2). Two pins placed with a
3DPG were assigned grade IIa, whereas 3/56 pins placed
using the FHP technique were graded IIa (Figure 8). Four
pins placed using the FHP technique and no pins placed
with a 3DPG were assigned grade IIIa (Figure 9). No pins
were classified as grade IIb or IIIb.

3.2 | Intraoperative technique deviations

Intraoperative technique deviations in pin placement
occurred during placement of 6/56 pins placed using the

FIGURE 5 Sagittal (A),

transverse (B) and dorsal

(C) oblique plane multiplanar

reconstruction (MPR) images

with dorsal and transverse plane

axes aligned with each pin tract

trajectory and grading

performed on transverse plane

images. In images (A and C),

caudal is to the left. In image

(B), the dog's left is to the right.
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FIGURE 6 Modified Zdichavsky classification with grade I corresponding to optimally placed pin tract fully contained within pedicle

(thoracic spine) or vertebral body (lumbar spine), grade IIa denoting partial penetration of the medial pedicle wall, grade IIb corresponding

to full penetration of the medial pedicle wall (whole of screw diameter within canal), and grades IIIa and IIIb denoting partial and full

penetration of the lateral pedicle (thoracic spine) or vertebral body (lumbar spine) wall, respectively.

FIGURE 7 Transverse plane multiplanar reconstruction (MPR) images of selected examples of pin tracts (free-hand probing [FHP]: images

[A–G], 3D-printed drill guide [3DPG]: images [H–N]) assigned grade I modified Zdichavsky. For all images, the dog's left is to the right.

TABLE 2 Modified Zdichavsky classification grades for pins inserted by 3D-printed drill guides (3DPGs) and free-hand probing (FHP)

technique in the thoracic spine, lumbar spine, and overall.

Grade Thoracic Lumbar Overall

FHP I 24/28 (85.7%) 25/28 (89.3%) 49/56 (87.5%)

IIa 1/28 (3.6%) 2/28 (7.1%) 3/56 (5.4%)

IIIa 3/28 (10.7%) 1/28 (3.6%) 4/56 (7.1%)

3DPG I 26/28 (92.9%) 28/28 (100.0%) 54/56 (96.4%)

IIa 2/28 (7.1%) 0/28 (0.0%) 2/56 (3.6%)

MULLINS ET AL. 7
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FHP technique and no pins placed with a 3DPG. In
cadaver 1, bilateral unintentional penetration of the ven-
tral vertebral cortex of T11 occurred during advancement
of the probe; however, both pin tracts were surrounded
by bone and subsequently assigned grade I modified Zdi-
chavsky. In the same cadaver, the left-sided cortical
defect was created in a too dorsal location at L6 and entry
into the vertebral canal was identified with initiation of
probing. A second cortical defect was created slightly
more ventral, and the technique was completed without
further complication. Grade I modified Zdichavsky was
assigned on postoperative imaging in this instance. In
cadaver 2, the probe exited the dorsolateral pedicle of T13
on the right and the ventrolateral body of L5 on the left.
In cadaver 4, the probe exited the dorsolateral pedicle of
T7 on the left. In each of these three cases, the probe was
redirected more medially and the technique completed
without further complication. Two of the latter 3 devia-
tions were subsequently assigned modified Zdichavsky
grade I, with the left-sided L5 breach assigned grade IIIa
(Figure 10). No intraoperative technique deviations
occurred in cadaver 3.

3.3 | Duration of pin placement

Pins were placed faster in the thoracic spine (mean ± SD
2.8 [1.6] vs. 4.2 [1.9] min), lumbar spine (mean ± SD 2.3

[0.93] vs. 4.9 [1.7] min), and overall (mean ± SD 2.6 [1.3]
vs. 4.5 [1.8] min) when a 3DPG was used (Table 3).

4 | DISCUSSION

Our study compared pin placement tracts using FHP and
3DPG techniques in a canine cadaveric model. Our
hypotheses were partially supported in that we found a
greater rate of intraoperative technique deviations in pin
placement and longer duration of pin placement for the
FHP technique but a difference in the distribution of
grades between the two techniques was not identified.

Our results related to the FHP technique are difficult
to compare with others due to paucity of similar studies
in the literature. To our knowledge, a FHP technique
similar to that described herein has been described in
only two clinical reports5,12 (both involving placement of
screws/pins at lumbosacral joint) and one surgical text-
book.6 No evidence of vertebral canal compromise was
identified on postoperative radiographs in one retrospec-
tive case series5 involving stabilization of lumbosacral
fracture-luxations in five dogs. A limitation of that
report5 is that postoperative CT was not performed,
which has been shown to be significantly more accurate
in identifying canal violation compared with conven-
tional radiography.27 In people, the pedicle-probing tech-
nique is associated with a high degree of accuracy in

FIGURE 8 Transverse plane multiplanar reconstruction (MPR) images of pin tracts (free-hand probing [FHP] images [A–C], 3D-printed
drill guide [3DPG]: images [D, E]) assigned grade IIa modified Zdichavsky. For all images, the dog's left is to the right.

FIGURE 9 Transverse plane multiplanar reconstruction (MPR) images of pin tracts (all free-hand probing [FHP]) assigned grade IIIa

modified Zdichavsky. For all images, the dog's left is to the right.

8 MULLINS ET AL.
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several studies, even in cases of spine deformities.25,28–31

Five studies25,28–30,32 that included a total of almost
600 patients undergoing posterior stabilization with
transpedicular screws reported medial pedicle wall viola-
tion rates of 0.5%–6.3%, with only one screw requiring
repositioning and none associated with neurological or
visceral complications. The medial cortex of the thoracic
pedicle has been shown to be thicker than the lateral cor-
tex in humans,33–35 a factor that may contribute to a
decreased rate of medial cortex breach with the pedicle-
probing technique in people.

Creation of the cortical defect (decortication) was per-
formed with a 2-mm drill bit in our study. A spinal burr
or awl could also have been used as an alternative, as is
described in the veterinary and human literature.12,31 In
clinical cases, loss of the cis cortex associated with use of
a spinal burr may not be of structural concern as the
polymethylmethacrylate will support this outer cortical
defect. In our study, a 2-mm drill bit was used instead of
a burr as it avoided this loss of cis cortex. The FHP tech-
nique described herein does not negate the need to pre-
operatively measure ideal pin insertion angles and to
follow these angles intraoperatively. However, adhering
to preoperatively measured angles requires accurate iden-
tification of optimal entry points intraoperatively. In a
previous description of the technique,6 the authors rec-
ommend checking the angle of the probe hole with the
desired pilot hole angle to ensure accurate trajectory. In
our study, following creation of the cortical defect, the
probe was inserted at an angle corresponding to the ideal
pin trajectory based on preoperative CT. This is particu-
larly important in the lumbar spine because the probe
has more “freedom” to travel within the vertebral body
compared with thoracic spine where the probe is con-
tained within the confines of the pedicle. Once the probe
established the safe trajectory, it is removed and replaced

with a drill bit for the pilot hole of the definitive positive
profile pin. The probe itself should be placed with a drill
or by hand using a Jacob's chuck, making sure to allow
as much length of pin exiting the chuck to reduce its stiff-
ness and allow it to follow the path of least resistance
within cancellous bone. A positive profile pin should not
be used as a probe because it is too stiff and will not fol-
low the path of least resistance. In our study, we used a
blunted 2-mm smooth Steinmann pin as the probe,
which corresponded to �50%–75% the thoracic pedicle
width. In people, straight and curved pedicle probes/awls
are commercially available but are generally larger than
would be appropriate for canines because of the relatively
larger size of the pedicle in people.31,36,37 In recent years,
probes with an electrical impedance conductivity-
measuring device have been developed to improve accu-
racy of pedicle screw placement in people.37,38 By
monitoring electrical conductivity in surrounding tissues,
these probes can alert the surgeon to an impending
breach.37,38

The 3DPG technique was associated with a very high
degree of accuracy in our study, with 54/56 pins assigned
grade I. Importantly, no pin tracts were graded grade IIb
(full penetration of medial pedicle wall) with either tech-
nique. This corroborates the findings of previous studies
evaluating use of patient-specific 3DPGs in veterinary
spine surgery.7,15–19 Within such studies involving the
thoracolumbar spine,7,15,17,18 the rate of grade I Zdi-
chavsky (or alternate classification equivalent) ranges
from 79.3% to 100%. A similarly high accuracy rate has
been demonstrated with use of 3DPGs in cases with ver-
tebral malformations.15 In human spine surgery, 3DPGs
are associated with improved pedicle screw placement
accuracy, and decreased surgical time and intraoperative
blood loss.39–41 Unilateral 3DPGs were used in our study
and have been shown to be highly accurate and

FIGURE 10 Transverse plane multiplanar reconstruction (MPR) images of pin tracts (all free-hand probing [FHP]) of vertebrae in

which an intraoperative complication occurred. For all images, the dog's left is to the right.

TABLE 3 Mean (SD) duration of

pin placement for pins inserted by

3DPGs and FHP in thoracic spine,

lumbar spine, and overall.

Thoracic Lumbar Overall

3DP Mean (SD) duration of pin placement (min) 2.8 (1.6) 2.3 (0.93) 2.6 (1.3)

FHP Mean (SD) duration of pin placement (min) 4.2 (1.9) 4.9 (1.7) 4.5 (1.8)

Abbreviations: 3DPG, 3D-printed drill guide; FHP, free-hand probing.

MULLINS ET AL. 9

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.13958 by U

niversitaet B
ern, W

iley O
nline L

ibrary on [19/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



comparable to bilateral guides.18 In one study,18 unilat-
eral guides were associated with decreased exit distance
deviation compared with bilateral guides. We did not
evaluate or compare planned versus achieved insertion
angles or entry/exit point deviations in our study as the
FHP technique relies on the probe following the path of
least resistance and establishing a safe trajectory and
would not be expected to have the same degree of accu-
racy as 3DPGs regarding these variables. A modification
of the modified Zdichavsky classification described by
Elford and colleagues15 was created for grading of lumbar
pin tracts in our study. The original Zdichavsky classifica-
tion is validated for thoracic pedicle screws in humans,
and is associated with a high rate of inter- and intraobser-
ver reliability.42

A higher rate of intraoperative technique deviations
in pin placement was found using the FHP technique.
Two of these deviations involved bilateral unintentional
penetration of the ventral vertebral cortex of T11 with the
probe during instrumentation of the first vertebra oper-
ated and did not occur in subsequent vertebrae/cadavers.
Although both pin tracts were palpated and completely
surrounded by bone, and subsequently assigned grade I
on postoperative CT, such uncontrolled ventral cortex
breach could be associated with injury to intrathoracic
structures.43,44 In people, anterior (ventral) vertebral cor-
tex breach is avoided for this reason,45 with the medial
and lateral cortices of the pedicle contributing a signifi-
cant portion of pedicle screw pull-out strength.46 In the
same cadaver, the initial cortical defect at L6 was created
too dorsal and vertebral canal entry was identified with
initiation of probing. This highlights the importance of
correct identification of the optimal pin entry point
intraoperatively. In our study, we used the accessory or
mammillary process in the thoracic spine and accessory
process in the lumbar spine as intraoperative landmarks
for identification of optimal pin entry points, as previ-
ously described.6 In clinical situations where pin entry
point is inadvertently created too dorsal, we suspect that
the FHP technique as performed in our study may offer a
greater ability to detect this complication compared with
the conventional freehand drilling technique, and possi-
bly be associated with less injury to vertebral canal con-
tents. The remaining three intraoperative deviations
involved the probe exiting the dorsolateral cortex of the
pedicle (thoracic spine) or the ventrolateral vertebral
body (lumbar spine), and in all three cases, this complica-
tion was recognized immediately and the probe redir-
ected more medially/horizontally. With the exception of
varying degrees of canal violation and undesired screw
penetration of the ventral vertebral cortex identified on
postoperative imaging,12 no other specific intraoperative
complications related to the pedicle-probing technique

have been described in the veterinary literature.5,12 Few
studies report the occurrence of intraoperative complica-
tions/deviations associated with use of 3DPG in the veter-
inary literature.18 In one ex-vivo canine study,18 breakage
of a 3DPG was reported in two cases. We did not observe
guide breakage in our study.

Duration of pin placement was longer with the FHP
technique in the thoracic spine, lumbar spine, and over-
all, in our study. Duration of pin placement included all
steps that would be required for pin placement in a clini-
cal case once the approach was completed. Duration of
pin placement was defined in this way because of soft tis-
sue dissection performed for exposure of one FSU
influencing dissection time required for an adjacent FSU.
Although duration of pin placement was longer for pins
placed by FHP technique, the clinical significance of a
mean difference of 1.9 min is negligible in the overall
operating time. Furthermore, the time taken to plan both
techniques was not recorded. It is likely that the time
taken to design and create 3DPGs would have far
exceeded the time for FHP planning.

We acknowledge several important limitations. This
was an ex-vivo study that included only a single large
breed without spinal fracture/luxation and our results
may not be replicated in small/medium breeds or differ-
ent breed conformations. In particular, in the lumbar
spine, the ability of the drill bit (associated with decorti-
cation) to drop into the cancellous bone between the
inner and outer cortices, which is central to the principle
of the FHP technique, would be more challenging in
smaller breeds with narrower pedicles. The fact that a
single breed was used likely advantaged the FHP tech-
nique because of uniformity between cadavers and verte-
brae. The study also included a small number of
cadavers. 3DPGs are associated with a high degree of
accuracy in patients with spinal malformation/deformity
and whether the FHP technique would perform as well
in such cases is unknown.7,15,17,18 The authors refrained
from the use of inferential statistics in this study and
instead reported only the raw data. On the basis of the
lack of previously published data on the FHP technique,
it was not possible to estimate a priori the smallest sam-
ple size needed to show a significant difference if it were
to exist. Therefore, it is possible that even if one of the
techniques evaluated in this study was associated with
complete breach of the vertebral canal on one or two
occasions, this may not have reached statistical signifi-
cance but would be of substantial clinical significance.
All pins were placed by a single experienced surgeon,
and it is likely that this had an effect on the high degree
of accuracy with both techniques in this study. Pins were
removed following placement to prevent placement of
one pin influencing that of a subsequent pin by the same

10 MULLINS ET AL.
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or alternate technique and to eliminate beam hardening
artifact on postoperative CT. A disadvantage is that we
could not evaluate for deviations such as excessively long
pins or pins penetrating/abutting pleural, visceral or vas-
cular structures. The extensiveness of the surgical
approach performed in this study would be greater than
that required in a clinical case, which is likely to have
improved visibility of relevant anatomical structures and
the surgeon's ability to place the pins. Finally, no postop-
erative dissection was performed to evaluate for injury to
intrathoracic or abdominal structures.

Our study confirmed both FHP and 3DPG techniques
were accurate for placement of spinal fixation pins in
canine cadavers. The 3DPG technique reduced intrao-
perative technique deviations in pin placement and dura-
tion of pin placement in our study but this technique
requires greater software expertise and equipment for
guide design and manufacturing. The FHP technique
offers a very versatile and safe method of insertion of spi-
nal fixation pins and can be performed immediately with-
out potential delays associated with guide design,
printing and delivery. Further studies are required to
confirm our results in clinical cases.

AUTHOR CONTRIBUTIONS
Mullins RA, MVB, DVMS, DECVS, PGDipUTL, MRCVS:
Study conception and design; data acquisition, analysis
and interpretation; manuscript preparation and review.
Espinel Ruperéz J, LV, MS, PhD, DECVS, Ortega C,
DVM and Hoey S, MVB, DECVDI, DACVR: Study
design, data acquisition, analysis and interpretation;
manuscript preparation and review. Bleedorn J, DVM,
MS, DACVS-SA, Kraus KH, DVM, MS, DACVS and
Guevar J, DVM, MVM, DECVN: Study design, data anal-
ysis and interpretation, manuscript preparation and
review. Hetzel S, MS: Statistical analysis and manuscript
review.

ACKNOWLEDGMENT
Open access funding provided by IReL.

FUNDING INFORMATION
The study was funded by an Overhead Investment Plan
(OIP) grant from University College Dublin Research
(Ref.No.: 64725), Innovation and Impact Committee,
Dublin, Ireland. The work of Scott Hetzel of the Biostatis-
tics and Epidemiology Research Design Core was funded
by Institutional Clinical and Translational Science Award
UL1 TR002373.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest related to this
report.

ORCID
Jorge Espinel Ruperéz https://orcid.org/0000-0003-3170-
9306
Jason Bleedorn https://orcid.org/0000-0003-2987-7722
Seamus Hoey https://orcid.org/0000-0003-1049-7658

REFERENCES
1. Wheeler JL, Lewis DD, Cross AR, Sereda CW. Closed

fluoroscopic-assisted spinal arch external skeletal fixation for
the stabilization of vertebral column injuries in five dogs. Vet
Surg. 2007;36(5):442-448.

2. Voss K, Montavon PM. Tension band stabilization of frac-
tures and luxations of the thoracolumbar vertebrae in dogs
and cats: 38 cases (1993–2002). J Am Vet Med Assoc. 2004;
225(1):78-83.

3. Bali MS, Lang J, Jaggy A, Spreng D, Doherr MG, Forterre F.
Comparative study of vertebral fractures and luxations in
dogs and cats. Vet Comp Orthop Traumatol. 2009;22(1):
47-53.

4. Bruce C, Brisson B, Gyselinck K. Spinal fracture and luxation
in dogs and cats: a retrospective evaluation of 95 cases. Vet
Comp Orthop Traumatol. 2008;21(3):280-284.

5. Weh JM, Kraus KH. Use of a four pin and methylmethacrylate
fixation in L7 and the iliac body to stabilize lumbosacral
fracture-luxations: a clinical and anatomic study. Vet Surg.
2007;36(8):775-782.

6. Weh JM, Kraus KH. Vertebral fractures, luxations, and sublux-
ations. In: Johnston S, Tobias K, eds. Veterinary Surgery: Small
Animal. 2nd ed. Elsevier Saunders; 2018.

7. Fujioka T, Nakata K, Nishida H, et al. A novel patient-
specific drill guide template for stabilization of thoracolum-
bar vertebrae of dogs: cadaveric study and clinical cases.
Vet Surg. 2019;48(3):336-342.

8. McKee WM. Spinal trauma in dogs and cats: a review of
51 cases. Vet Rec. 1990;126(12):285-289.

9. Bitterli T, Mund G, Häuβler TC, et al. Minimal invasive fluoro-
scopic percutaneous lateral stabilization of thoracolumbar spi-
nal fractures and luxations using unilateral uniplanar external
skeletal fixators in dogs and cats. Vet Comp Orthop Traumatol.
2022;35(1):64-70.

10. Gougeon E, Meheust P. Pedicle screws implantation in poly-
methylmethacrylate construct to stabilise sixth lumbar verte-
bral body fracture in dogs: 5 cases (2015–2018). J Small Anim
Pract. 2021;62(11):1007-1015.

11. Tran JH, Hall DA, Morton JM, Deruddere KJ, Snelling SR.
Accuracy and safety of pin placement during lateral versus dor-
sal stabilization of lumbar spinal fracture-luxation in dogs. Vet
Surg. 2017;46(8):1166-1174.

12. Smolders LA, Voorhout G, van de Ven R, et al. Pedicle screw-
rod fixation of the canine lumbosacral junction. Vet Surg. 2012;
41(6):720-732.

13. Sturges BK, Kapatkin AS, Garcia TC, et al. Biomechanical com-
parison of locking compression plate versus positive profile
pins and polymethylmethacrylate for stabilization of the canine
lumbar vertebrae. Vet Surg. 2016;45(3):309-318.

14. Samer ES, Forterre F, Rathmann JMK, Stein VM,
Precht CM, Guevar J. Accuracy and safety of image-guided
freehand pin placement in canine cadaveric vertebrae. Vet

MULLINS ET AL. 11

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.13958 by U

niversitaet B
ern, W

iley O
nline L

ibrary on [19/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0003-3170-9306
https://orcid.org/0000-0003-3170-9306
https://orcid.org/0000-0003-3170-9306
https://orcid.org/0000-0003-2987-7722
https://orcid.org/0000-0003-2987-7722
https://orcid.org/0000-0003-1049-7658
https://orcid.org/0000-0003-1049-7658


Comp Orthop Traumatol. 2021;34(5):338-345. doi:10.1055/s-
0041-1731808

15. Elford JH, Oxley B, Behr S. Accuracy of placement of pedicle
screws in the thoracolumbar spine of dogs with spinal deformi-
ties with three-dimensionally printed patient-specific drill
guides. Vet Surg. 2020;49(2):347-353.

16. Hamilton-Bennett S, Oxley B, Behr S. Accuracy of a patient-
specific 3D printed drill guide for placement of cervical trans-
pedicular screws. Vet Surg. 2018;47(2):236-242.

17. Mariani CL, Zlotnick JA, Harrysson O, et al. Accuracy of three-
dimensionally printed animal-specific drill guides for implant
placement in canine thoracic vertebrae: a cadaveric study. Vet
Surg. 2021;50(2):294-302.

18. Guevar J, Bleedorn J, Cullum T, Hetzel S, Zlotnick J,
Mariani CL. Accuracy and safety of three-dimensionally
printed animal-specific drill guides for thoracolumbar ver-
tebral column instrumentation in dogs: bilateral and unilat-
eral designs. Vet Surg. 2021;50(2):336-344.

19. Oxley B, Behr S. Stabilisation of a cranial cervical vertebral
fracture using a 3D-printed patient-specific drill guide. J Small
Anim Pract. 2016;57(5):277.

20. Beer P, Park BH, Steffen F, Smolders LA, Pozzi A, Knell SC.
Influence of a customized three-dimensionally printed drill
guide on the accuracy of pedicle screw placement in lumbo-
sacral vertebrae: an ex vivo study. Vet Surg. 2020;49(5):
977-988.

21. Wheeler JL, Cross AR, Rapoff AJ. A comparison of the accu-
racy and safety of vertebral body pin placement using a fluoro-
scopically guided versus an open surgical approach: an in vitro
study. Vet Surg. 2002;31(5):468-474.

22. McKenzie DM, Westrup AM, O'Neal CM, et al. Robotics in
spine surgery: a systematic review. J Clin Neurosci. 2021;89:
1-7.

23. Watine S, Cabassu JP, Catheland S, Brochier L,
Ivanoff S. Computed tomography study of implantation
corridors in canine vertebrae. J Small Anim Pract. 2006;
47(11):651-657.

24. Jones DP, Robertson PA, Lunt B, Jackson SA. Radiation
exposure during fluoroscopically assisted pedicle screw
insertion in the lumbar spine. Spine (Phila Pa 1976). 2000;
25(12):1538-1541.

25. Boachie-Adjei O, Girardi FP, Bansal M, Rawlins BA. Safety and
efficacy of pedicle screw placement for adult spinal deformity
with a pedicle-probing conventional anatomic technique.
J Spinal Disord. 2000;13(6):496-500.

26. Toni C, Oxley B, Behr S. Atlanto-axial ventral stabilisation
using 3D-printed patient-specific drill guides for placement of
bicortical screws in dogs. J Small Anim Pract. 2020;61(10):
609-616.

27. Hettlich BF, Fosgate GT, Levine JM, et al. Accuracy of conven-
tional radiography and computed tomography in predicting
implant position in relation to the vertebral canal in dogs. Vet
Surg. 2010;39(6):680-687.

28. Karapinar L, Erel N, Ozturk H, Altay T, Kaya A. Pedicle screw
placement with a free hand technique in thoracolumbar spine:
is it safe? J Spinal Disord Tech. 2008;21(1):63-67.

29. Samdani AF, Ranade A, Saldanha V, Yondorf MZ. Learning
curve for placement of thoracic pedicle screws in the deformed
spine. Neurosurgery. 2010;66(2):290-295.

30. Kim YJ, Lenke LG, Bridwell KH, Cho YS, Riew KD. Free hand
pedicle screw placement in the thoracic spine: is it safe? Spine
(Phila Pa 1976). 2004;29(3):333-342.

31. Pithwa YK, Venkatesh K. Prospective comparative study
between straight and curved probe for pedicle screw insertion.
Eur Spine J. 2014;23(10):2161-2165.

32. Hyun S-J, Kim YJ, Rhim S-C, Cheh G, Cho SK. Pedicle screw
placement in the thoracolumbar spine using a novel, simple,
safe, and effective guide-pin: a computerized tomography anal-
ysis. J Korean Neurosurg Soc. 2015;58(1):9-13.

33. Liau KM, Yusof MI, Abdullah MS, Abdullah S, Yusof AH.
Computed tomographic morphometry of thoracic pedicles:
safety margin of transpedicular screw fixation in malaysian
malay population. Spine (Phila Pa 1976). 2006;31(16):E545-
E550.

34. Kothe R, O'Holleran JD, Liu W, Panjabi MM. Internal architec-
ture of the thoracic pedicle. An anatomic study. Spine (Phila Pa
1976). 1996;21(3):264-270.

35. Datir SP, Mitra SR. Morphometric study of the thoracic verte-
bral pedicle in an Indian population. Spine (Phila Pa 1976).
2004;29(11):1174-1181.

36. Grauer JN, Vaccaro AR, Brusovanik G, et al. Evaluation of a
novel pedicle probe for the placement of thoracic and lumbo-
sacral pedicle screws. J Spinal Disord Tech. 2004;17(6):
492-497.

37. Yurube T, Kanda Y, Ito M, et al. Improved accuracy and safety
of pedicle screw placement by using a probe with an electrical
conductivity-measuring device during severe syndromic and
neuromuscular scoliosis spine surgery. J Clin Med. 2022;
11(2):419.

38. Guillen PT, Knopper RG, Kroger J, Wycliffe ND, Danisa OA,
Cheng WK. Independent assessment of a new pedicle probe
and its ability to detect pedicle breach: a cadaveric study.
J Neurosurg Spine. 2014;21(5):821-825.

39. Yu C, Ou Y, Xie C, Zhang Y, Wei J, Mu X. Pedicle screw place-
ment in spinal neurosurgery using a 3D-printed drill guide
template: a systematic review and meta-analysis. J Orthop Surg
Res. 2020;15(1):1.

40. Liang W, Han B, Hai JJ, et al. 3D-printed drill guide template,
a promising tool to improve pedicle screw placement accuracy
in spinal deformity surgery: a systematic review and meta-anal-
ysis. Eur Spine J. 2021;30(5):1173-1183.

41. Wallace N, Butt BB, Aleem I, Patel R. Three-dimensional
printed drill guides versus fluoroscopic-guided freehand tech-
nique for pedicle screw placement: a systematic review and
meta-analysis of radiographic, operative, and clinical outcomes.
Clin Spine Surg. 2020;33(8):314-322.

42. Zdichavsky M, Blauth M, Knop C, et al. Accuracy of pedicle
screw placement in thoracic spine fractures. Eur J Trauma.
2004;30(4):234-240.

43. Ludders JW, Ekstrom PM, Linn KA. Anesthesia case of the
month. Complications during surgery for a spinal fracture in a
dog. J Am Vet Med Assoc. 1998;213(5):612-614.

44. Blass CE, Seim HB III. Spinal fixation in dogs using stein-
mann pins and methylmethacrylate. Vet Surg. 1984;13(4):
203-210.

45. Gaines RWJ. The use of pedicle-screw internal fixation for the
operative treatment of spinal disorders. J Bone Joint Surg Am.
2000;82(10):1458-1476.

12 MULLINS ET AL.

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.13958 by U

niversitaet B
ern, W

iley O
nline L

ibrary on [19/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1055/s-0041-1731808
info:doi/10.1055/s-0041-1731808


46. Zindrick MR, Wiltse LL, Widell EH, et al. A biomechanical
study of intrapeduncular screw fixation in the lumbosacral
spine. Clin Orthop Relat Res. 1986;203:99-112.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Mullins RA, Espinel
Ruperéz J, Bleedorn J, et al. Accuracy of pin
placement in the canine thoracolumbar spine
using a free-hand probing technique versus
3D-printed patient-specific drill guides: An ex-vivo
study. Veterinary Surgery. 2023;1‐13. doi:10.1111/
vsu.13958

MULLINS ET AL. 13

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.13958 by U

niversitaet B
ern, W

iley O
nline L

ibrary on [19/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1111/vsu.13958
info:doi/10.1111/vsu.13958

	1
	Accuracy of pin placement in the canine thoracolumbar spine using a free-hand probing technique versus 3D-printed patient-s...
	1  INTRODUCTION
	2  METHODS
	2.1  Sample population
	2.2  Preinstrumentation computed tomography
	2.3  Randomization of technique and order of pin insertion
	2.4  Design and creation of 3DPGs
	2.5  Preoperative planning for FHP technique
	2.6  Spinal instrumentation
	2.7  Free-hand probing technique
	2.8  3DPG technique
	2.9  Post-instrumentation CT
	2.10  Statistical analysis

	3  RESULTS
	3.1  Accuracy of pin placement
	3.2  Intraoperative technique deviations
	3.3  Duration of pin placement

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


