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Abstract

A common procedure performed worldwide to treat many spinal illnesses, such as trauma, deformity,
degenerative disease, and malignancy, is spinal fixation. The management of numerous spinal disorders,
including those caused by trauma, deformity, degenerative disease, and tumors, is accomplished globally
through the use of spinal fixation operations. Reliable pedicle screws placement is crucial to achieve a
safe and rigid fixation. One common technique for instrumenting and stabilizing the lumbar and thoracic
spine is pedicle screw fixation. One of its advantages is that it can stabilize all three columns with a
single technique. There are a number of assistive procedures that can be used to place the pedicle screws
more precisely, but they come with a higher cost, longer surgery time, and more radiation exposure. All
three of the spine's columns are crossed by the pedicle screw. Even in the event that three columns are
disrupted, it serves as a sturdy bridge across them and offers strong fixation.
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Introduction

Surgical spinal fixation procedures are utilized on a global scale to treat a variety of spinal
disorders, including trauma, deformity, degenerative disease, and tumor. Ensuring a secure and
inflexible fixation requires precise insertion of pedicle screws. Screws that are positioned
incorrectly may damage important structures or result in fixation failure. It can also be life-
threatening for the patients or cause a permanent neurological damage [,

According to numerous studies, using a freehand method might result in high rates of screw
misplacement-up to 30% in certain circumstances. Furthermore, the surgical teams who
employ the freehand technique are exposed to a high level of radiation because it necessitates a
large amount of fluoroscopy. Radiation dose has attracted a lot of attention after the reported
high frequency of tumors among spinal surgeons 1. 3D Virtual Surgical Planning (VSP)
technology, also known as medical three-dimensional (3D) planning, has made substantial
strides in recent years. Accurate preoperative planning of screw trajectory in spine surgery can
be facilitated by VSP. VSP is translated to the operation room using patient-specific 3D
printed drill guides. Because each guide is made to match a particular vertebra, they stay
accurate even when there is movement of the vertebral levels during surgical manipulation [,

Pedicle screw accuracy determination

To classify the precision of pedicle screws, the Gertzbein and Robbins system (GRS) is
applied, which is based on CT. Grade 0 (per GRS): Secure the pedicle with a full fastener.
Pedicle wall fracture of less than 2 mm is grade A. 2.4% to 4.0% infraction for grade B. level
C: exceeding 4 millimeters of transgression [,

Screw characteristics

A head, neck, and body make up the screw. Cylindrical or conical bodies are both possible.
Both an inner and an exterior diameter can be seen on it. There is a thread depth variation
between the two. The separation between two neighboring thread crests is known as the thread
pitch B1,
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Pedicle screw types include

Polyaxial pedicle screws: For work on degenerative spines,
polyaxial screws are currently the most used kind of fixation.
A variable-in-multidirectional direction angle between the
tulip and screw shaft facilitates the coupling of the screw with
a longitudinal rod [,

Monoaxial / Uniaxial pedicle screws: A monoaxial screw
employs a fixed angle between its tulip and screw shaft. This
may potentially enhance the rotational control of the vertebra.
In spite of the potential advantages of these screws, however,
the trajectory in which they must be positioned in order to

facilitate coupling with a rod may be technically challenging
61,

Fenestrated pedicle screws: Fenestrated screws are
composed of a cannulated core equipped with an opening in
the distal thread portion. Various screw types have varying
diameters [,

Cannulated pedicle screw: The two types of cannulated
pedicle screws are Cement-Injectable Cannulated Pedicle
Screws (CICPS) and incomplete cannulated pedicle screws [,

Expansion/Expandable  pedicle  screws:  Enhanced
anchorage in trabecular bone is achievable without
jeopardizing pedicle integrity due to the aforementioned
screws' broad diameter [7],

The anchor pedicle screw type: A polyetheretherketone
(PEEK) anchor is encircled by the application of an anchor
pedicle screw [,

Different Types and Techniques of Fixation

Systems of Wiring: Wire-rod procedures are still utilized in
the thoracic spine, despite the widespread abandonment of
sublaminar wiring techniques. The most often utilized method
is the Luque approach. Extra anchors are the sublaminar wires
that are affixed to every vertebra. At the nonrigid segmental
spine, these wires are subsequently wound around rods [,
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Flexible Bands

Metal clamps and polyester belts have recently been created
as alternatives to pedicle screw fixation and/or metal wiring
(Minneapolis, Minnesota, United States of America; Zimmer
Spine; Universal restraint) (19,

Hooks

There is an extensive selection of hooks available, Pedicle
hooks, laminar hooks, and transverse process hooks are each
endowed with unique characteristics. Strongest fixation is
achieved with pedicle pins. Ty through T are applicable. The
pedicle hook is consistently positioned in a cephalad
orientation between the lamina of the instrumented vertebra
and the superior articular process of the inferior vertebra 1,

Pedicle Screws

Pedicle screws offer the most rigid structure presently feasible
from a biomechanical standpoint, in addition to enabling
posterior manipulation of the spine in all three planes. Its
outer diameter is the most critical determinant in preventing
withdrawal of a pedicle screw in normal bone; the stronger
the construct, the more precisely the threads penetrate the
inner cortex of the pedicle 112,

Placement of pedicle screws techniques

Free-hand technique

Numerous anatomical landmarks must be comprehended in
their intricate interrelationships for free-hand pedicle screws
to be positioned precisely at each level of the thoracolumbar
spine. The lumbar and thoracic spines each utilize analogous
entry sites that are governed by differential anatomy. The
anatomical locations are designated in a manner that permits
straight progression along the axis of the pedicle, thereby
ensuring optimal stability of the screws. When determining an
initial entry site, intraoperative localizing radiographs are
often employed to assess spinal alignment 31,

The triangle formed by the lower border of the superior
articular facet, the medial border of the transverse process,
and the pars interarticularis in the thoracic spine should be the
target of initial penetration (Figure 1) 4.
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Fig 1: Artist depiction of the entry site used in the T4 (A) and L5 (B) vertebrae 141
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The precise location of this area, which is where the lateral
one-third and medial two-thirds of the superior articular
process converge, has been described inconsistently This
region, which is defined as the intersection of the medial two-
thirds and lateral one-third of the superior articular process,
has been inconsistently described in terms of its precise
location. Entry sites become progressively more medial and
cephalad as the thoracic spine advances from Ty, to Ts.
Adjacent and lateral entry sites are customarily located above
T, 281, Commonly utilized in the thoracic spine, the "in-out-
in" technique entails purposefully situating screws laterally
with the intention of diminishing the probability of medial
fracture and potentially augmenting bony rib purchase.
Patients with congenitally small thoracic pedicles may also
benefit from the implementation of the "in-out-in" technique
[15]

The point of entry for instrumentation is the lumbar spine,
precisely where the bony confluences of the instrumented
vertebrae's mammillary process, pars interarticularis, and
transverse process converge. A medial entry site, specifically
at the inferior border of the superior articular process, may be
appropriate for patients afflicted with degenerative joint
disease that impedes adequate stability for pedicle screws at
this particular instance [4],

When a cavity is created at the thoracic pedicle entry site
using a drill or awl, the biomechanical superiority of this

https://www.orthopaper.com

trajectory over more anatomical trajectories generally
provides justification for employing a trajectory parallel to the
superior endplate. It is critical to initially direct a curved gear
shaft pedicle probe laterally in order to avert a medial breach
of approximately 15-20 mm. This measurement denotes the
distance immediately beyond the spinal canal's broadest point.
Following this, the probe or drill can be redirected towards
the media to prevent lateral breach, given the significantly
reduced probability of medial breach. After the integrity of
the tract has been assessed using a feeler, it is optional to
utilize an initial "tap” to determine whether the screw tract is
precise and appropriately guided, before proceeding with the
use of the final, more substantial screw 16,

More precisely, Parker et al., ' discovered that breaches
were most likely to occur in fasteners inserted into T4 and T6,
while Modi et al., &1 found that screws inserted into the
pedicles of Ts-Tg had the highest incidence of breaches,
particularly those that compromised beyond a 6-mm wide
secure zone. Furthermore, it is unsurprising that free-hand
techniques entail a significant period of adjustment after
mastery.

Three-dimensional (3D) printed drill guide

One of the initial applications of 3D printing in spine surgery
was to establish preoperative visualization and surgical
planning aided by 3D models (Figure 2) (8],

Fig 2: Imaging studies (top) of a 30-year-old male with an undifferentiated high-grade post-radiation sarcoma involving the thoracic spine €]

Numerous scholarly investigations have observed that
physical three-dimensional models, particularly with the
ongoing advancements in 3D printing technology and model
sophistication, offer a heightened perception of distinctive or
intricate surgical pathology that might otherwise go unnoticed
or be entirely overlooked when assessed exclusively through
preoperative imaging ™. Research has shown that the
utilization of preoperative 3D modeling during spine surgery
for complex deformities can enhance intraoperative speed and
accuracy, while concurrently reducing blood loss 2%, Previous
research has indicated that in situations involving congenital
abnormalities such as myelomeningocele, where conventional
imaging modalities are inadequate to evaluate global and
intersegmental relationships due to distorted anatomy, the
application of 3D models can assist with preoperative
planning 24,

Pedicle screw guides

One initial application of 3D printing in the field of spine
surgery was the creation of drill guides and templates that
were customized for individual patients. These tools were

intended to mitigate certain limitations observed in early
image-guided navigation systems, such as the need for
laborious stereotactic arrays, substantial initial investment in
technology, the risk of surgeon interference, extended surgical
duration, and more. In contrast to computer-navigated
methods, proponents of 3D printed guides assert that they
perform the same function without requiring expensive
technology, which may be unfeasible or unattainable in
developing countries [, With varying degrees of
effectiveness, personalized 3D-printed drill guides in four
distinct designs were utilized on cadaveric specimens during
the first pedicle screw guide study, which was published in
2005 by Berry et al. Subsequent to its inception, 3D printed
pedicle screw guides have significantly enhanced their
accuracy and precision through design modifications and
manufacturing process advancements, thereby broadening
their utility in the field of spine surgery 2,

O-arm navigation
An example of the resultant progress in navigation technology
is O-arm navigation, which is a computer-assisted system
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specifically engineered to aid surgeons during the
percutaneous insertion of pedicle screws in real-time. It is
capable of delivering real-time three-plane virtual images that
enable surgeons to manipulate instruments in the vicinity of
bony structures. Despite assertions to the contrary, Toshiaki et
al. found that O-arm navigation merely reduced the
operational duration of pedicle screws rather than enhancing
their precision. Further investigation is necessary in order to
ascertain the efficacy of O-arm navigation system treatment,
given the scarcity of clinical data on the subject. While there
was initial assertion that the implementation of O-arm
navigation enhanced the accuracy of pedicle screw placement,
Toshiaki et al. found that it merely reduced the overall
duration of the procedure. Further investigation is necessary
in order to ascertain the efficacy of O-arm navigation system
treatment, given the scarcity of clinical data on the subject 24,
O-arm navigation provides the surgeon with unambiguous
intraoperative guidance and images of comparable quality to
traditional C-arm scans. Historically, spinal navigation
techniques required overlaying the positions of surgical
instruments onto computed tomographic scans obtained prior
to the procedure or fluoroscopic images acquired during the
procedure in the operating room. Contemporary 3D O-arm
instruments provide intraoperative navigation with three-
dimensional image sets in addition to traditional two-
dimensional fluoroscopic images (radiographs). Intraoperative
O-arm systems are capable of rendering 3D anatomic
structures visible via 3D real-time navigation. A substantial
benefit in intricate spine surgery is the more intuitive three-
position guidance [?°1,

Computed tomographic (CT) navigation

The implementation of CT-based navigation improves the
accuracy of positioning pedicle screws. There is speculation
that improving the accuracy of pedicle screw placement could
potentially avert complications that may occur due to breach
of the pedicle wall 6. Commonly, imaging is performed
subsequent to surgical procedures to verify instrument
integrity and proper positioning, evaluate the progress of
0sseous union, detect disease progression or the emergence of
new conditions, and identify potential complications such as
hematoma or infection. Imaging purposes are predominantly
carried out using conventional radiography. Nonetheless, CT
is more beneficial when a definitive diagnosis cannot be
established and there is uncertainty regarding the presence of
fracture or misplacement 271,

Electrode placement complicates the spinal examination of
patients undergoing orthopedic metallic hardware. In recent
years, novel techniques have been developed for multichannel
CT to assist in minimizing the impact of metal artifacts on the
imaging process. By means of narrower sections, these
processes facilitate quicker scanning durations, which
subsequently diminish motion artifacts. By doing so, a
scanned volume of isotropic voxels can be generated,
ensuring that the image resolution is identical across all
planes. Further, the imaging experience can be enhanced
through the generation of a higher x-ray tube current 71,

Robotic surgery: A preoperative surgical strategy is more
effectively executed when preoperative planning software and
robotic guidance are utilized during the insertion of pedicle
screws. This, in turn, improves the plan's feasibility and
accuracy while mitigating the potential for catastrophic
complications that may arise due to the intricate and variable
nature of the pedicle and adjacent structures [?8],
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Indications

Patients with osteoporosis or severe spinal deformities require
revision or repeat surgery. The importance of preconception
planning and robotic guidance, which allow the surgeon to
"visualize the invisible" of complex pedicle anatomy, has
been demonstrated in a number of these instances 1239,
Patients undergoing minimally invasive procedures,
individuals undergoing less strenuous open procedures that
involve pedicle screw insertion, pedicle anatomy that is
distorted or difficult to navigate, and for the purpose of
cannula placement during vertebral cement augmentation.
Previously executed spine surgeries; spinal tumors,
neurofibromatosis, neuromuscular scoliosis, osteomyelitis,
kyphosis, stenosis, spondylolysis, ankylosing spondylitis,
fracture,  Scheuermann  kyphosis,  neurofibromatosis,
osteomyelitis, and stenosis. Vertebroplasty and kyphoplasty,
as well as a spinal tumor biopsy, are performed. Disturbances,
malignant growths, and injuries are pathologic entities.
Molligaj et al. B4 emphasized the challenge associated with
pedicle screw implantation, especially in revision surgeries
involving the modification of anatomical landmarks and
spinal deformities induced by tumors, degeneration, or
trauma. Their findings concerning the accuracy and safety of
the robotic technique suggested that it provided a feasible
resolution for the cases, as opposed to the conventional
freehand fluoroscopic method. Furthermore, the robotic-
guided technique finds application not only in biopsies but
also in obstructed anatomic spaces to access arteriovenous
fistulas and extraforaminal disc herniation, as well as in
distorted anatomic spaces, where screws are not intended to
be inserted 2. Additionally, robotic technology has the
capability to optimize the implementation of translaminar
facet screws, in addition to facilitating the use of pedicle
screws for spinal segment stabilization.

Contraindications
Being severely obese or afflicted with osteoporosis may
render accurate registration impossible to achieve. Insufficient
knowledge of conventional open methodologies for pedicle
screw insertion [28],
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