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BACKGROUND: Endoscopic spinal surgery is becoming
quite popular, and the pursuit of a training model to
improve surgeons’ skills is imperative to overcome the
limited availability of human cadavers. Our goal was to
determine whether the porcine spine could be a repre-
sentative model for learning and practicing interlaminar
percutaneous endoscopic lumbar procedures (IL-PELPs).

METHODS: Lumbar and cervical segments of the porcine
cadaver spine were used for the IL-PELP. We have
described the technical notes on the difficulties of the
procedure and the relevant anatomical features. To endorse
the porcine cadaver for this procedure, 5 neurosurgeons
underwent 1 day of training and completed a survey.

RESULTS: The porcine lumbar spine has small inter-
laminar windows, and laminectomy is necessary,
mimicking the translaminar approaches for higher human
lumbar spine levels. The porcine cervical spine has wide
and high interlaminar windows and mimics the human
L5-S1 interlaminar approach. Entering the spinal canal with
the working sheath and endoscope and training the rota-
tion maneuver to access the disc space is only possible in
the lumbar segment. It was possible to perform flavectomy
and to identify and dissect the dural sac and nerve root in
both the lumbar and cervical spine. The neurosurgeons
considered the porcine model of good operability and,
although different, possible to apply in humans.

CONCLUSIONS: The porcine spine is an effective and
representative model for learning and practicing IL-PELPs.
Although the described anatomical differences should be

known, they did not interfere in performing the main
surgical steps and maneuvers for IL-PELPs in the porcine
model.

INTRODUCTION

ndoscopic spine surgery for lumbar disc herniation and
stenosis has become quite popular owing to the several
potential advantages compared with conventional tech-
nigues, such as reduced tissue trauma, reduced postoperative
pain, a lower risk of surgical site infection, the rapid recovery,
improved patient mobility, and lower overall complication rate.'”

Minimally invasive techniques such as tubular retraction and
endoscopic-assisted microdiscectomy and simple indirect endo-
scopic decompressions using the inside-out technique do not
represent the actual state of the art of spinal endoscopy. Thus, it
is relevant to affirm that the technique considered in the present
study uses direct decompression under full continuous irrigation,
with the working channel within the optic. It has also been
termed “full endoscopy,” “underwater,” or “truly endoscopic."®*®

"o

Although the use of cadaver spines has been considered the
reference standard for spine surgery education, the availability of
human cadaver material has been very limited in many
regions.”!" Porcine spines have been frequently used as an
alternative model to human specimens for in vivo and in vitro
experiments involving spinal fusion and instrumentation tech-
niques.'''® However, none have considered its use for inter-
laminar percutaneous endoscopic lumbar procedures (IL-PELPs).
Owing to the mobility of the porcine cervical spine, the cervical
interlaminar window will be wider and higher than that in the
porcine lumbar spine; thus, the porcine cervical spine can mimic
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the human lumbar spine.'®'® Therefore, it has been hypothe-
sized that the full-endoscopic interlaminar approach for L5-S1
used in humans could be practiced using the porcine cervical
spine.

The goal of the present study was to determine whether the
lumbar or cervical porcine spine could be a representative model
for learning and practicing IL-PELPs and to describe the technical
notes pertaining to the procedure with this animal model.

METHODS

The 2 fresh porcine cadavers used in the present study were
obtained according to the ethics guidelines for experimental
animal research. The animal used for the lumbar procedures
was a 6-month-old feral pig (Sus scrofa feral) weighing 50 kg.
All thoracic and abdominal viscera were removed, leaving the
complete neurological axis. The other animal was an 8-
month-old pig (Sus scrofa domesticus) weighing 45 kg and
was used for the cervical interlaminar procedure. All proced-
ures performed in studies involving animals were in accor-
dance with the ethical standards of the institution or practice
at which the studies were conducted.

Our procedure entails the use of a thin tubular device that
contains the optical system and working channel, which was
introduced through a stab incision guided by anteroposterior
(AP) and lateral fluoroscopic images. The dilator was inserted
and directed toward the interlaminar window. The working
sheath was passed over the dilator, which was removed to
insert the endoscope. The use of a monoportal technigue
was standard, and surgery was performed under constant
saline irrigation.® 92" After instrument insertion under fluo-
roscopic guidance and endoscopic visualization, the anatom-
ical structures were identified, and the specific maneuvers
were attempted.

Five experienced neurosurgeons volunteered to complete a
survey to determine whether they believed the model would
be useful for practicing endoscopic spine surgery and
whether the training had provided any benefit. The inclusion
criteria for the participants was previous participation in other
surgical cadaver training courses with either with human or
animal cadavers, with little or no previous experience with

spinal endoscopy. The surgeons participated in a full-day
hands-on course using a porcine cadaver. Afterward, they
completed a questionnaire with 5 questions (Table 1) using a
5-point Likert scale (1, no confidence or worst and 5, high
confidence or best). Question 4 had the following options:
1) very different, impossible to apply in humans; 2) different,
possible to apply in humans, but would prefer training with a
human cadaver before applying the technigue for a human
patient; 3) different but possible to apply in humans if guided
by an experienced endoscopic surgeon; 4) different but
possible to apply in humans, with training using the porcine
model enough; and 5) slightly different and easily applicable in
humans.

RESULTS

Porcine Lumbar Spine

IL-PELP was performed at 3 lumbar spine levels, consisting of
2 parts: insertion of the instruments with fluoroscopic guidance,
followed by endoscopic visualization for identification of the
anatomical structures and training in the specific maneuvers.
Relevant considerations and comparisons with actual interlam-
inar endoscopic procedures have been described. The next steps
required real-time AP and/or lateral views using the C-arm.

Positioning, Marking, and Instrument Insertion. In the AP view, a
guide wire was positioned over the inferior margin of the superior
laminae of the desired disc level (Figure 1A). After selection of the
entry point for the IL-PELP and skin and fascia incision, the dilator
was inserted without a needle, and the desired position was
checked in the AP view (Figure 1B). Next, a bevel-ended working
sheath was introduced along the obturator. After removal of the
obturator (Figure 1C) and insertion of the endoscope, the first step
of the procedure was complete.

Endoscopic View and Anatomic Identification. For the second step,
fluoroscopy was only used to check the position of the in-
struments and verify the anatomic parameters (Figure 1D). After
insertion of the endoscope and cleaning of the operative field
with radiofrequency ablation, it was possible to identify the
same structures as those in human procedures: inferior
laminae, superior laminae, and interlaminar window (Figure 2A).
However, the interlaminar windows in the porcine model, even

Table 1. Current Porcine Model Fluoroscopic Measurement of Important Parameters for Interlaminar Percutaneous Endoscopic Lumbar

Procedures
Experience in Confidence in Performing Operability of  Applicability of Experience with Confidence in Performing

Surgeon Spine Surgery Interlaminar Endoscopy before Porcine Model Porcine Model on Humans Interlaminar Endoscopy After
No. (years) Training (Score Range, 1-5)  (Score Range, 1-5) (Score Range, 1-5) Training (Score Range, 1-5)
1 20 1 4 2 3
2 35 1 4 2 1
3 7 1 4 3 1
4 5 1 5 3 3

4 1 4 3 3
Average 14.2 1 42 2.6 22
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Figure 1. Fluoroscopic views of the procedure on the
lumbar spine. (A) Marking the entry point, (B) insertion
of the obturator, (C) insertion of the working cannula,

and (D) documentation of instruments inside the disc at
the end of the procedure on lateral view and the
working cannula inside the canal.

in the lower lumbar levels, are very narrow compared with those
in the human spine.

Laminectomy and Flavectomy. Using an oval cutting burr and a
Kerrison punch, it was possible to perform resection of the
inferior margin of the superior laminae and the superior margin of
the inferior laminae. The ligamentum flavum is thin; a part of it
was resected during the laminectomy, and the rest was resected
using punches until good visualization of the dural sac, nerve
root, and epidural space had been achieved (Figure 2B—D).

Working Sheath Rotation Maneuver and Discectomy. After good
exposure of the epidural space, it was possible to insert the
working sheath inside the canal lateral to the dural sac. The
rotation of the working sheath will allow for protection of the
nerve tissue and safe access to the disc. Although the disc
spaces were narrow, their identification was very clear, and it
was possible to introduce a chisel inside (Figure 1D).

Porcine Cervical Spine
The IL-PELP was performed at 3 cervical spine levels, with the
steps similar to those used for the porcine lumbar spine.

Positioning, Marking, and Instrument Insertion. In the AP view, a
pointed instrument was positioned to mark the entry point, in the
middle point between the inferior margin of the superior laminae
and the superior margin of the inferior laminae and middle point
between the medial sagittal line and the lateral end of the inter-
laminar window (Figure 3A). After selection of the entry point for
the IL-PELP and skin and fascia incision, the obturator was
inserted without a needle, and its desired position was checked
using the AP (Figure 3B) and lateral (Figure 3C) views. Next, a
bevel-ended working sheath was introduced along the obtu-
rator. With removal of the obturator and insertion of the endo-
scope, the first step of the procedure was complete.

Endoscopic View and Anatomic Identification. In the second step,
fluoroscopy was only used to check the position of the
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Figure 2. Endoscopic views of the procedure: the
12-0'clock position is the midline; 3-o'clock, cranial;
6-o'clock, lateral; and 9-o'clock, caudal. (A) Asterisk
indicates inferior laminae; black circle, superior
laminae; and arrow, interlaminar window; (B) north east
arrow indicates the epidural space (axilla of the nerve

root); arrowhead, dural sac; and star, yellow ligament;
(C) arrowhead indicates dural sac; star, yellow
ligament; black square, nerve root; and asterisk, inferior
laminae; and (D) arrowhead indicates dural sac; star,
yellow ligament; black square, nerve root; and asterisk,
inferior laminae.

instruments and verify the anatomic parameters. After insertion
of the endoscope and cleaning of the operative field with radio-
frequency ablation, it was possible to identify the wide inter-
laminar window with its flavum ligament (Figure 4A).

Flavectomy. Using a cutting instrument called a punch, it was
possible to perform resection of the ligamentum flavum
(Figure 4B—D) until good visualization of the dural sac, nerve root,
and epidural space had been achieved (Figure 4D—F). Owing to
the characteristics of the cervical nerve structures and the
perpendicular exit of the nerve root, it was not possible to
insert the working sheath as freely as in the lumbar spine.
However, it was possible to dissect the axilla and the shoulder
of the nerve root (Figure 4F,G) and explore the space to find the
intervertebral disc space.

Survey
The surgeons’ answers to the survey are presented in Table 1.
The 5 neurosurgeons, with an average experience of 14.2

years, considered endoscopy training on the porcine spine to
be of good to excellent operability. Three considered it different
but possible to apply in humans if guided by an experienced
endoscopic surgeon. However, 2 surgeons indicated they
would prefer to train using a human cadaver before applying
the technique in real human surgery.

DISCUSSION

The increasing interest in spine endoscopy has followed the
technical advances in the field of cameras, coaxial working
sleeves, optics, video processing equipment, radiofrequency
devices, as well as development of new surgical approaches.®
The full-endoscopic interlaminar approach is a technically
demanding procedure for surgeons, similar to thoracoscopic,
laparoscopic, and transforaminal endoscopic technigues in spine
surgery.”>?® This surgical procedure can be more complex and
significantly different from traditional open surgical approaches.
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Figure 3. Fluoroscopic views of the procedure on the cervical spine. (A) Marking the entry point, and insertion of the obturator on the (B) anteroposterior view
and (C) lateral view. The red dotted line shows the interlaminar window on the contralateral side.

The loss of visualization in 3 dimensions, loss of touch, and large
dependence on surgical instruments, among other factors, could
be unfamiliar to surgeons in the initial stages of adopting the
endoscopic technique. In addition, hand—eye cooperation with
the use of the endoscopic instruments and the identification of
anatomic structures using the endoscope can also appear
daunting. Thus, a steep learning curve can be expected,?%?* with
the lack of proper training often leading to poor clinical results,
inevitably discouraging the use of this undoubtedly effective

technique. Owing to the limited availability of human cadaver
spines, especially in Brazil, surgeons have been forced to travel
abroad to participate in the available cadaver hand-on courses to
learn or improve such technigues or might even have eliminated
this important step of the learning curve.’

Amato et al.? have already shown that the porcine spine is a
representative model for learning and practicing transforaminal
percutaneous lumbar procedures. However, the IL-PELP is a

-
»

& C

Figure 4. Endoscopic views of the procedure: the 12-o'clock position is the midline; 3-o'clock, cranial; 6-o'clock, lateral; and 9-oclock, caudal. (A) The star
indicates the yellow ligament; (B,C) view showing an opening on the yellow ligament, through which the epidural space and fat can be seen; (D—F) views
showing the yellow ligament wide open. The black square indicates the nerve root; asterisk, the inferior laminae; north west arrow, the epidural space
(shoulder of the nerve root); arrowhead, dural sac; south east arrow, epidural space (axilla of the nerve root).
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posterior approach that encounters different surgical anatomy,
and whether the porcine spine is a representative model for
these approaches has yet not been determined.

Just as with several other anatomical studies of the porcine spine,
the present study has shown that this representative animal model
reflects some anatomical characteristics of the human spine,'" at
least enough to train in and practice endoscopic procedures.
Busscher et al."! used 4-month-old domestic Landrace pigs with
an average weight of 40 kg in a fine anatomical study using
computed tomography scans. Dath et al.'® used 18—24-month-old
hybrid pigs weighing 60—80 kg. They macroscopically dissected
the vertebrae to perform anatomical measurements. The pigs
used in the current model were larger than those used by
Busscher et al."" and smaller than those used by Dath et al.'®
However, the main characteristics and proportions were
maintained as previously reported”’; an important factor in the
evaluation of whether our study could be replicated. Although
the intervertebral disc height was slightly greater compared with
the samples used by Busscher et al.,'" it was still much smaller
than that in humans. The human spine requires relatively larger
caudal vertebral bodies to balance the greater longitudinal loads,
in contrast to the quadruped spine. Also, the greater range of
motion of the lumbar human spine requires adaptable joints.
These are probably some of the explanations for the smaller
intervertebral discs heights observed in the pig, which can be <4
times smaller than the human disc heights in the lumbar region,
as described by Busscher et al."" Also, the lack of motion in the
porcine lumbar spine should also justify the smaller lumbar
interlaminar window noted in the current models.”'"'®

In both the cervical and lumbar porcine spine, the insertion of
endoscopic instruments could be strictly reproduced, and the fluo-
roscopic images could be clearly used for anatomic orientation. Two
main types of errors can occur with imprecise anatomic orientation:
lateral or medial placement of the working sheath. After insertion of
the endoscope, the presence of facet cysts, muscle, and ligaments
can limit identification of the ligamentum flavum; thus, the use of
the interlaminar window.?® The large interlaminar windows in the
porcine cervical spine mimicked the human L5-S1 and the small
interlaminar windows in the porcine lumbar spine mimicked the
human upper lumbar levels where resection of at least the superior
laminae will be required to access the spinal canal. Despite these
differences, standard dissection and the use of fluoroscopic guid-
ance permitted anatomy identification and orientation outside the
spinal canal of the porcine model.

Training to perform the incision of the ligamentum flavum in the
porcine cervical spine is similar to that in the human lumbar
spine, probably owing to its increased mobility. The ligamentum
flavum of the porcine lumbar spine is otherwise very thin, and
most of the ligamentum flavum will usually be resected during
laminectomy.

Another potentially difficult step in interlaminar endoscopic
approaches is the management of instruments inside the spinal
canal. Careless manipulation of neural elements is a potential
pitfall.?> In the porcine lumbar spine, after good exposure of the
epidural space, it was possible to insert the endoscope inside the
canal and practice the working sheath rotation maneuver to
provide safe access to the disc. In the porcine cervical spine,
owing to cervical nerve structure characteristics and the
perpendicular exit of the nerve root, it was not possible to

insert the working sheath as freely as in the lumbar spine.
However, it was possible to practice the manipulation of nerve
structures such as dissection of the axilla and the shoulder of
the nerve root to find the intervertebral disc space.

The porcine model has been used for the development of several
novel laparoscopic and endoscopic techniques used in different
medical specialties.”® Muhlbauer et al.?® reported experimental
laparoscopic and thoracoscopic discectomy and spinal fusion
instrumentation using a porcine model. Participants in a hands-
on training course for laparoscopic spine surgery agreed that a
large animal model should be used for training before performing
complex laparoscopic procedures in humans.'®?°?¢ In our sur-
vey, the b participating neurosurgeons, considered endoscopy
training on the porcine spine to be of good to excellent opera-
bility. Three considered it different but possible to apply in
humans if guided by an experienced endoscopic surgeon, and 2
had stated they would prefer to train using a human cadaver
before applying the technique in humans (participants 1 and 2).
Of the 5 surgeons, the first 2 were the surgeons with longer
experience in neurosurgery, with the last 3 having <10 years of
experience in neurosurgery. It is fair to assume that younger
surgeons would be more familiar with the newest technologies
and/or that the more experienced surgeons would be more
skeptical of them. Although the number of participants was not
enough to determine a significant common viewpoint, we
believe that although some anatomical differences exist, the
skills required to perform endoscopic spine surgery in the porcine
model are the same as those necessary for performing the
procedures in humans.

Mladina et al.?’ showed that novice surgeons could, in fact,
improve their kills, measuring the time spent for certain
exercises, by training in endoscopic sinus and skull base
surgery techniques using a lamb head model. As previously
reported, novice surgeons must spend energy and attention on
gaining basic surgical skills, in particular, the skills of
simultaneous bimanual manipulation of the endoscope and
instruments and simultaneous watching of the procedure on
the screen. Practicing the hand—eye coordination necessary
and how to manage the long instruments inside a dark and small
working channel simply does not permit enough attention to
sufficiently explore the demanding endoscopic anatomy.?” More
advanced surgeons, or those who have previous experience with
neuroendoscopy or arthroscopy, might note the anatomic details
and differences from the human anatomy. However, this will not
prevent them from practicing advanced surgical skills such as
bone resection and nerve manipulation.

CONCLUSIONS

The porcine spine is an effective, easily reproducible, and
representative model for learning and practicing interlaminar
and translaminar percutaneous endoscopic lumbar procedures.
Although the described anatomical differences should be
known, they will not interfere in learning and practicing the
main surgical steps and maneuvers required for IL-PELPs in
the porcine model.
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