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ABSTRACT

Background: Pedicle screws are medical implants which are implanted posteriorly into the vertebrae of the spine and
longitudinally connected to a rod to form a construct which corrects spinal alignment or promotes stabilization. Pedicle
screw fixation is considered to be the gold standard of spinal internal fixation due to its many benefits in a variety of
debilitating spinal conditions. Objective: The aim of the work is to evaluate the use of spinal pedicle screws for different
lesions in the past, in the present and in the future. Conclusion: Some successful applications of pedicle screws include
surgical treatment of scoliosis reduction and stabilization of spondylolisthesis, stabilization of unstable spinal fractures,
simple lumbar degenerative disc disease, primary or metastatic tumors of the lumbar spine, and surgical revision of

symptomatic pseudoarthrodesis of the lumbar region.
Keywords: Spinal, Pedicle Screws.

INTRODUCTION

Pedicle screws are medical implants which are
implanted posteriorly into the vertebrae of the spine
and longitudinally connected to a rod to form a
construct which corrects spinal alignment or promotes
stabilization. Pedicle screw fixation is considered to be
the gold standard of spinal internal fixation due to its
many benefits in a variety of debilitating spinal
conditions @ . The first use of pedicle screws in 1959
has been credited to Boucher who used a longer facet
screw across the pedicle @.The first deliberate attempt
to put pedicle screws through the isthmus of the pedicle
was done by Harrington and Tullos ©. The plates
used by Roy-Camille in 1979 had a fixed screw-hole
distance for application @,
In contrast, Gaines et al. developed the variable-
screw placement (VSP) plate, which allowed better
placement of pedicle screws according to individual
patient anatomy and provided greater clinical latitude
in comparison to the Roy- Camille plate &%, This
technology is now almost exclusively used when
securing fusion constructs in the thoracolumbar spine,
due to the purported improved fusion rates and rigidity
afforded by these constructs. Furthermore, studies
have found that pedicle screws are biomechanically
advantageous when compared to predecessors,
including previous rod and hook systems ©,

AIM OF THE WORK
The aim of the work is to evaluate the use of spinal
pedicle screws for different lesions in the past, in
the present and in the future.

Basic Spinal Anatomy
Important Structures:
The important components of the lumbar spine
include
e Bones and joints.
e Connective tissues.
e Muscles.
e Blood Supply
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Figure (1) General outline of the spine ©.
Bones and Joints

The Vertebral Column

Originating at the cranium, the human vertebral
column consists of a series of 33 inferiorly extending
vertebrae divided into five sections. The superior most
section of the vertebral column is the cervical which
consists of seven vertebrae that make up the neck,
followed by twelve vertebrae in the thoracic, five in
the lumbar, and five and four fused vertebrae making
up the sacrum and coccyx, respectively.

Each of the cervical, thoracic, and lumbar
vertebrae are separated by intervertebral discs, which
allow for flexibility of the spine. In general, due to the
larger loads that are placed on inferior vertebrae as
opposed to those more superior, the size of each
individual vertebra increases inferiorly down the spine
until reaching L5 and then decreases again at the
sacrum and coccyx .

Thoracic vertebrae:

All 12 thoracic vertebrae support ribs and thus
show facets for the articulations of these structures.
The first and last four have peculiar manner of costal
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articulations, but the second to eighth may be covered
by a common description ®.

Lumbar vertebrae:

There are five lumbar vertebrae, each vertebra
has three functional components: the vertebral bodies,
designed to bear weight; the neural arches, designed
to protect the neural elements; and the bony processes
(spinous and transverse), designed as outriggers to
increase the efficiency of muscle action ©,

The Facet Joints:

The zygapophyseal joints are synovial joints that
permit simple gliding movements. Although the lax
capsule of the joints is supported to some extent from
anteriorly by the ligamentum flavum, and posteriorly
by supraspinous ligament, the major structure
restraining movement in these joints are the outermost
fibres of the annulus fibrosus.

When these annulus fibres exhibit degenerative
changes, excessive joint movement is permitted. This
is why degenerative changes within the discs render
the related posterior joints vulnerable to strain ¢

The Neural Foramen:

On the left and right side of each vertebra is a
small tunnel called neural foramen. The two spinal
nerves that leave the spine at each vertebra go through
the foramina, one on the left and one on the right. Each
nerve branches in and just beyond the foramen into
ventral and dorsal rami.

The dorsal rami supply the facet joints as
mentioned above. Besides, there is the recurrent
meningeal (sinuvertebral nerve) which may be best

considered as recurrent branches of the ventral rami
(10)

Design of Pedicle Screw

Much needs to be considered when
determining the proper pedicle screw design to be
used for spinal fusion in an osteoporotic patient.
Increasing the diameter and length of the screw has the
potential to produce larger pullout forces, but they also
increase the risk of fracturing the surrounding fragile
bone®Y,

Tapering the diameter of the screw is believed
to help compress surrounding bone, which may in turn
enhance the screw’s fixation in the vertebra 9,
Different thread designs serve a diverse range of
mechanical functions that must take into consideration
the material properties of the bone that it is to be paired
with @2,

Moreover, a screw material that would offer
not only excellent mechanical properties but also
exceptional biocompatible properties is crucial for
successful long term performance %

Maximum Diameter
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Figure (2): Standard pedicle screw @3,

Advantages with the use of pedicle screws

The increasing use of transpedicular fixation
devices in preference to rods, hooks, and wires is
because they offer rigid segmental fixation after
decompression and arthrodesis. They have the ability
to control all the three columns of the spine from a
posterior approach and possibly reduce the number of
segments that need to be fused @4. This allows
segmental  instrumentation i.e. limiting the
instrumentation to one or two motion segments, thus
preserving maximum motion. Proper use of the
pedicle screw obviates canal intrusion, and since this
system does not depend on the facet or laminae for
their attachment, it allows for preservation of mobile
segments above and below the level of affected spine
segments. Moreover, screw rod or screw plate
constructs can be used to apply selective forces like
compressing, rotating, distracting, lordosing, etc.,
depending upon the clinical situation. Such rigid
internal fixation also allows for earlier mobilization in
the postoperative period. Studies have shown that
since pedicle screw constructs are more rigid in
comparison to traditional forms of internal fixation,
they have a higher rate of successful fusion ¢,

Indications of pedicle screw fixation

e Pursuant to the FDA’s ruling in 1998, the safety
and effectiveness of pedicle screw spinal systems
have been established only for spinal conditions
with significant mechanical instability or deformity
requiring fusion with instrumentation 4. Some
successful applications of pedicle screws include
(16)-.

e Surgical treatment of scoliosis and adult
degenerative lumbar scoliosis. Better results were
observed with the use pedicle screw for corrections
in the coronal and sagittal planes, and correction of
tilt-angle and rotations @7,

e Reduction and stabilization of spondylolisthesis,
and following laminectomy with improved ability
to reduce and maintain reduction of higher-grade
slips @7,

e Stabilization of unstable spinal fractures, like
burst fractures as well as treatment of posttraumatic
kyphosis (9,

Screw Head
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Simple lumbar degenerative disc disease with
union rates of about 95 % for two and three-level
lesions (19,

Correction, stabilization, and maintenance of
correction of spina bifida and postlaminectomy
deformities 9.

Spinal osteotomy in patients with fixed multiplanar
spinal deformities due to ankylosing spondylitis
@D and in those with severe flatback deformity 9.
Cases of extensive decompression or resection and
short-segment treatment of primary or metastatic
tumors of the lumbar spine @2,

e latrogenic  instability = developing  after
decompressive procedures;
e Surgical revision of symptomatic

pseudoarthrodesis of the lumbar region @2,

Complications associated with the use of pedicle
screws

A. Screw misplacement or coupling failure:

The rate of screw misplacement ranged from 0-25%
in patients with scoliosis and nearly 4.2 % in patients
with degenerative diseases. Coupling failure of the
device is caused due to inadequate nut tightening, and
results in disengagement of the screw from the clamp
elements of the rod 3.

B. Nerve-root injuries:

A variable rate of nerve-root and/or cauda equina
injuries were reported and associated with pain and
sensory deficit. Screws that are placed medially and
inferiorly are the ones that place the nerve at the risk
of injury. Matsuzaki et al.?¥ reported nerve
neurological impairment in about 11% of patients and
sensory impairment in 3.5% out of the total 57 that
were reviewed. Prevalence of nerve injury as low as
1-2 % was reported in different studies. Dural injury
was reported in seven of 124 patients (6%), and in four
of the 4790 (0.1%) pedicle screws. Neurological
injuries associated with misplaced screws were
reported to be 0-12% in another study @,

C. Breakage or fracture of the screw:

One study showed that 21 of 74 (36%) screws
had fatigue failure. In other studies, the frequency of
screw breakage ranged from 0.5-11.2% of the inserted
screws. Lonstein et al.® related screw breakage to
three factors: design of the screw, presence of
pseudoarthrodesis and their use in burst fractures.

D. Nonunion or Screw loosening:

Loosening  of  pedicle  screws indicates
micromovement at the region of the screw and rod.
Screw loosening was commonly seen in patients with
low bone mineral density (BMD) and osteoporosis. In
a selected survey of the members of the American
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Back Society, screw loosening was observed in 0.81%
of 617 patients, and ranged from 0.6% to 11% in the
literatures reviewed by Yi et al. @". Pihlajamaki and
coworkers®, in retrospective study of 102 patients of
non-traumatic disorders with posterior lumbar
interbody fusion (PLIF) with transpedicular screws
fixation, reported radiologic screw loosening in 18
patients (17%). Loosening was most commonly seen
in patients with multilevel instrumentation and in
patients with sacral screws @3, Fracture of the pedicle
has been reported in about 0.2-4.3 % cases and is more
common in patients with lower bone mineral density
(BMD). Other complications include bending of

screws and infections and injury to the blood vessels
(19)

Methods designed to improve fixation of the
pedicle screw

Maintaining the bone-implant interfaces and
initial rigidity is a significant challenge. In general, the
stability of pedicle screws depends mainly on the
geometric characteristics of the screw and on the
mechanical properties of the trabecular bone adjacent
to the screw. Immediately after surgery, the implants
are expected to provide sufficient stabilization to
maintain alignment and promote fusion, and are thus
subjected to high loads in this immediate
postoperative period @®, Inadequate anchorage of the
pedicle screws through the pedicle creates increased
and prolonged stresses at the bonescrew interface,
resulting in osteolysis and implant failure. These
conditions have been particularly evident in patients
with low bone mineral density (BMD) and
osteoporosis, neuromuscular disorders and post-
radiation therapy. High failure rates due to inadequate
fixation strength at the pedicle screw-bone interface
are also a significant problem especially in longer
lumbar constructs. Other factors that influence the
bony purchase and subsequent fixation strength of a
pedicle screw include insertion site and technique,
depth of penetration, pedicle screw diameter, and
screw design characteristics @9,

Some researchers introduced an alteration in the
design of the screw. Polly et al.?® found that
increasing the diameter of the salvage screw by 2 mm
caused an increase in insertional torque by 8.4%,
whereas increasing the length of the screw did not
result in any improvements of insertional torque.
Skinner et al. ®Y biomechanically assessed and
compared four designs of pedicle screws. The results
showed that the pullout strength of the screw increased
with an increase in the major diameter of the screw,
whereas an increase in the pitch caused increased
amount of displacement prior to failure. The idea of
sacral screw fixation using a hollow screw was also
proposed.

The hollow screw supposedly increases contact
area with the surrounding bone both on the outer and
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inner surface of the screw, potentially improving
fixation within trabecular bone. Schramm et al.?
demonstrated superior pull-out strength with a novel
hollow screw when inserted into the trabecular bone
of thoracic vertebral bodies. McLachlin et al.® also
used a novel hollow screw design in a sacral model
under cyclic loading and concluded that the hollow
screw was less resistant to loosening in comparison
with the conventional solid pedicle screw.

Other orthopedic surgeons have applied
alteration in the anatomic trajectory of placement of
the pedicle screw to attain augmentation. Currently,
two popular methods for insertion of pedicles screws
are used: straight-forward technique, in which the
sagittal trajectory of the screw parallels the superior
endplate of the vertebral body, and the anatomic
trajectory, which is directed 22° in the cephalocaudal
direction in the sagittal plane and parallels the
anatomic axis of the pedicle. Lehman et al. compared
the results of the straight-forward technique with the
anatomic technique and showed that straight-forward
technique resulted in a 39% increase in maximum
insertional torque and a 27% increase in pull-out
strength compared to the anatomic technique ©9,
Another option to obtain better purchase was proposed
in the lumbar spine by Cook et al®. They used
pedicle screws which penetrated the anterior cortex of
the vertebral body. Although this procedure is
associated with a significant risk, it demonstrated to
add approximately 30% to the pull-out of a cancellous
screw in the lumbar spine, although a lot of risk is
associated with this procedure. The use of laminar
hooks concurrently with the pedicle screws in vitro
showed an enhancement in the rigidity of pedicle
screw fixation. Other novel augmentation methods
suggested in the literature include the use of an
expansive pedicle screw design, an expandable anchor
and an interlocking screw ¢4,

The use of osteoinductive  materials
revolutionized spine surgery. One way to establish a
mechanical connection between the implant and the
host skeleton is regeneration of bone at the interface.
The cornerstones for successful bone-healing are
biomechanical stability and biological vitality of the
bone, which provides an environment in which new
bone can form. Many conditions, such as insufficient
vascularization, infection, mechanical instability, and
systemic diseases like diabetes, osteoporosis and old
age can impair this environment®, The new methods
to improve fixation and stability of implants focus on
identifying and understanding the factors that control
the regenerating potential of the bone. Various
biologics were used for enhancement of lumbar fusion
surgery over the last decade. One of the most studied
and frequently used to modulate bone apposition on
the implant surface is by the use of growth factors.
Different growth factors are known to improve
osteoblast differentiation and matrix mineralization,
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like platelet-derived growth factor (PDGF), bone
morphogenetic proteins (BMPSs), insulin-like growth
factors (IGF) and basic fibroblast growth factor
(FGF). Among them, BMPs are the most intensively
studied group and the most promising group of growth
factors used in the enhancement of bone repair %,

SUMMARY

Pedicle screws are medical implants which
are implanted posteriorly into the vertebrae of the
spine and longitudinally connected to a rod to form a
construct which corrects spinal alignment or promotes
stabilization. Pedicle screw fixation is considered to
be the gold standard of spinal internal fixation due to
its many benefits in a variety of debilitating spinal
conditions.

The anatomy of the vertebral pedicle is of
particular interest because it is the narrowest region
where a pedicle screw passes. The pedicle is typically
oval- shaped but has a complex three- dimensional
structure which was described as a teardrop.

The first use of pedicle screws in 1959 was
credited to Boucher who used a longer facet screw
across the pedicle. The first deliberate attempt to put
pedicle screws through the isthmus of the pedicle was
done by Harrington and Tullos. The plates used by
Roy-Camille in 1979 had a fixed screw-hole distance
for application.

In contrast, Gaines et al. developed the
variable-screw placement plate, which allowed better
placement of pedicle screws according to individual
patient anatomy and provided greater clinical latitude
in comparison to the Roy- Camille plate.

Pedicle screw placement techniques are free-
hand, fluoroscopy guided and stereotactic navigation.

In the Free-Hand technique the analogous
entry sites guided by differential anatomy are utilized
for both the thoracic and lumbar spine. In the thoracic
spine the entry site is located at the lower border of the
superior articular facet, the medial border of the
transverse process, and the pars interarticularis form a
triangle, the center of which should be targeted for
initial entry. In the lumbar spine, the entry site is
located at the intersection of the bony confluences of
the pars interarticularis, the transverse process, and the
mammillary process of the vertebrae that will be
instrumented.

Fluroscopy-Guided technique often utilizes a
C-arm to take AP and lateral images.

Image-guided or stereostatic technique is a
process that was originally accomplished with a
preoperative CT and then surgeon matching of points
on the computer-generated image to anatomical points
on the patient.

Some successful applications of pedicle
screws include surgical treatment of scoliosis
reduction and stabilization of spondylolisthesis,
stabilization of unstable spinal fractures, simple
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lumbar degenerative disc disease, primary or
metastatic tumors of the lumbar spine and surgical
revision of symptomatic pseudoarthrodesis of the
lumbar region.
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