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PROLOGUE
Dr. P. S. Ramani

Spinal surgery is in its nascent form, compared to its 
predecessors, such as general surgery, several centuries older. 
Although Mixter and Barr were the first to perform a laminectomy 
for a prolapsed inter-vertebral disc in 1932, it was in 1934 that 
they presented a series, co-relating clinical syndrome and 
radiological and surgical findings. 
I take pride in the fact that the advent of spinal surgery and I are 
contemporaneous;I being born four years later. 
Mixter and Barr’s first laminectomy involved the L1-S2 for 
prolapse of lumbar inter-vertebral disc at level 1. However, 
following close on its heels was an influx of comprehensible 
cognition of the functioning of the spine, and its biomechanics 
with a simultaneous and unprecedented boom in the market of 
machinery. Innovations like the microscope, bipolar coagulation, 
refined instruments and implants, resulted in spinal surgery 
becoming minimally-invasive through endoscopic and then 
percutaneous procedures,over a short period of time.
In all the global progress on spinal surgery, the pedicle screw 
is the most commonly used device among spinal surgeons. It 
would be conducive to budding and potential surgeons in this 
field of surgery, if they were to have an in-depth knowledge of 
the pedicle screw and its insertion into the human spine, before 
attempting any surgical procedure. 
This book there for is an attempt to provide a brief,but necessary 
source of information on pedicle screws in various levels in 
the spine. It is my sincere desire to provide a teaching guide 
for young, aspiring spinal surgeons,who will doubtlessly be 
attending to many such surgical procedures-during the course 
of their career.
My best wishes go out to them.

Dr. P. S. Ramani
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SECTION  
I

UNDERSTANDING PEDICLE SCREWS

1. Bio-mechanical properties of pedicle screws- Dr. Ram Chaddha.

2. The present system of pedicle screw instrumentation- Dr. Ritesh 

Nazareth.

3. The overall strength of the pedicle screw- Dr. Shradha Maheshwari.

4. Complications in pedicle screws- Dr. P. S. Ramani, Dr. Apurva 

Prasad.
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Introduction
The posterior pedicle screw-based instrumentation is a fixator-
distractor-compressor-derotator system. It is modular, simple 
and has a three dimensional correction capacity, precisely 
matching the patient. It is the unique screw design that provides 
strength.
The rationale of its use is based on safely controlling the 
anterior and middle column via the posterior column, through a 
channel by which the forces from the posterior are transmitted 
to the vertebral body. This point is called the ‘“force nucleus,’”, 
which is the confluence of five anatomic structures; the superior 
facet, the inferior facet via the pars, the lamina, the pedicle 
and the transverse process. The localization during surgery is 
the convergence of the ridges of the pars, superior facet and 
transverse process. A "channel" or "window" is created which is 
an intra-medullary canal of the pedicle for the screw.
The principle on which the assembly works, is the fact that the 
Spinal Fixator has two elements:– the screws and the spacers. 
The screws are implanted in the vertebral body via the pedicle, 
while the spacer is a plate or a rod. The spacer acts as like a 
bridge, or as a compressor or distract or between the screws.

Biomechanics of the pedicle screw

ff  Screw Characteristics

ff  Insertion Technique

ff Augmentation/Salvage

BIO-MECHANICAL PROPERTIES OF 
PEDICLE SCREWS

Dr. Ram Chaddha
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Screw Characteristics
The screw consists of a head, neck and body. 
The body may be conical or cylindrical. 
It has a major (outer) and minor (inner) diameter. The difference 
between the two is the thread depth. The pitch of the thread is 
the distance between the crests of two adjacent threads.

Pullout Strength
It is generally thought that a larger outer diameter, a smaller 
inner diameter, shorter pitch, and stronger bone increase the 
pullout strength.
Among them, the outer diameter is the most important factor 
in determining pullout strength.
The morphology of the pedicle also affects the pullout strength 
of the screw. 
About 60% of the screw pullout strength and 80% of the 
longitudinal stiffness depend on the pedicle, rather than the 
vertebral body. 
In osteoporosis, however, the cortex of the pedicle is thinner 
and the bone mineral density (BMD) is reduced. The use of a 
larger screw does not increase the stability of the construct and 
may result in cortical cut out, or fracture of the pedicle.

Insertional Torque
Many surgeons prefer a pedicle screw with high insertional 
torque, because it gives good tactile feedback of bony purchase.
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Although there is a strong correlation between insertional 
torque and BMD, screw loosening is not objectively predicted 
by insertional torque in the clinical setting.
The insertion torque is very sensitive to thread design, while the 
pullout strength is not. 
Fatigue Strength:
The inner diameter is the most important dimension of the 
pedicle screw when considering its fatigue strength. 
The neck is the weakest part of a monoaxial screw and the 
coupling between the polyaxial head and the screw is its 
weakest part.

Different Designs
Bushing augmented screws, in order to improve load-bearing 
capacity, Screws with dual core, in which the inner diameter 
thickened around the neck to improve fatigue strength and 
double threaded screws to facilitate faster insertion - all yielding 
promising biomechanical results.
Double lead and dual thread near the pedicle area can provide 
higher insertional torque.
The inner core of the pedicle screw can be conical or cylindrical. 
In terms of insertional torque, the conical screw is superior, but 
the pullout strength is the same. However, the conical screw will 
loosen if backed out for 360°.

Insertion Technique
Screw Hole Preparation:
When inserting pedicle screws, keeping the dorsal cortex intact 
is important for solid fixation. 
Tapping improves trajectory. However, screws placed into 
untapped holes have a higher pull out strength. Generally,  
same-size tapping is not recommended, as it reduces the 
purchase of the screw, but under tapping by 1 mm is thought  
to be safe and conserves the same pull out strength as an 
untapped screw hole.
The most important point is not to manipulate the screws 



SAMPLE
 C

ONTENT

HUMAN SPINE AND PEDICLE SCREWS/13

excessively, because insertion, back-out, and reinsertion of 
the screws lead to a decrease in insertional torque and pullout 
strength.

Trajectory:

Convergence of pedicle screws by 30° in the coronal plane  
can increase the pull out strength. Insertion of the screws 
without convergence, however, is more stable in terms of 
longitudinal linkage.

More recently, a laterally-directed cortical bone trajectory 
was advocated and was found to have similar biomechanical 
characteristics to the more traditional medial trajectory. This 
cortical trajectory is especially effective in poor trabeculated, 
osteoporotic bone. 
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Insertion Depth:
About 80% penetration depth, or passing the neurocentral 
junction is considered sufficient.

Augmentation/Salvage:
Indications & Options:
Augmentation can be used for revision, or in severely osteoporotic 
patients, including cement augmentation, additional hooks and 
wires, and larger expandable or hydroxyapatite-coated screws. 
Recently, other options such as extra-pedicular screws, double 
pedicle screws, and injection cement, through an appropriate 
implant have been advocated.
Larger screws haves higher construct stiffness than the PMMA-
augmented screw. The pull out strength is improved if the 
screw is inserted while the PMMA is in its doughy state, rather 
than after it has hardened. The development of bioabsorbable 
cement, which has the same favourable biomechanical 
properties and high osteo-conductivity while discharging less 
heat than PMMA, is a step towards further improvement.

Pedicle Screw Constructs:
Pedicle screw constructs versus other constructs: 
Posterior pedicle screw fixation with anterior plating and a strut 
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graft, gives the most rigid fixation. Less rigid constructs were 
posterior pedicle screw fixation with anterior strut grafting, but 
without plating, followed by posterior pedicle screw fixation 
alone and then anterior plating with a strut graft.
Pedicle screws alone do not provide sufficient stability if the 
anterior column is compromised.
Biomechanical properties of different pedicle screw constructs:
Extending the construct by one more level above and below, 
the mean ROM across the pathological level was decreased 
by 56%. Screws angled cephalad developed a greater mean 
intrapedicular bending moment when compared with screws 
inserted caudal or parallel to the superior end plate. This 
suggests that cephalad insertion should be avoided, because 
of an increased risk of early fatigue or failure. The axial insertion 
angle was also studied: straight screw insertion with no 
convergence provided a more stable longitudinal construct.

New pedicle screw constructs:
Newer materials including PEEK – poly ether ether ketone rod 
system and perpendicular plate system are still to prove clinical 
efficacy.

Insertion technique of transverse connectors: 
Only axial rotational stability improves significantly with the 
addition of transverse connectors. The greatest stability can be 
obtained with two transverse connectors :- one in the middle and 
the other at the proximal 1/8 position of the longitudinal rods.

Indication for transverse connectors:
In all cases of anterior column instability, including fracture, 
anterior discectomy, or anterior corpectomy, and when 
correcting rotational deformity.

Conclusion
The outer diameter of the screw determines pull out strength, 
while the inner diameter determines fatigue strength.
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When inserting a pedicle screw, the dorsal cortex of the spine 
should not be violated and the screws on each side should 
converge and be of good length. Thirdly, fixation can be 
augmented in cases of severe osteoporosis or revision.
A trajectory parallel or caudal to the superior end plate can 
minimise breakage of the screw from repeated axial loading. 
Straight insertion of the pedicle screw in the mid-sagittal plane 
provides the strongest stability.
Rotational stability can be improved by adding transverse 
connectors. The indications for their use include anterior 
column instability, and the correction of rotational deformity.

Scientific Material For Purpose Of Education Has Been Gathered 
From The Journal of Bone & Joint Surgery (Br) 2010, 92-B: 1061-
5 – ANNOTATION- The Biomechanics of pedicle screw-based 
instrumentation – W. Cho, S.K. Cho, C. Wu





SAMPLE
 C

ONTENT

www.targetpublications.org/human-spines-and-pedicle-screws-learning-technology-of-pedicle-screw-insertion-and-fixation-technique.html



