Expert Opinion Article

Ajay Kumar
American Journal of Psychiatric Rehabilitation

Lumbar Pedicle Morphometric Analysis: A Thorough Review | .

| \
Ajay Kumar?’, Rashmi Singh?, AKriti Johri3, Amit Bisht?, Ishant’, Syed Anam Parvezs,
Deepak Katiyar?”

12356Research Fellow, Department of Radiological Imaging Technique, College of Paramedical Sciences,
Teerthanker Mahaveer University, Moradabad (U.P)

47Assistant Professor, Department of Radiological and Imaging Techniques, Teerthanker Mahaveer University,
Moradabad (U.P)

*Corresponding Author: Ajay Kumar
*Email: ajay231218@gmail.com

Abstract

Assessing the size and shape of lumbar vertebral pedicles is important when planning and performing spinal
surgeries, especially those involving pedicle screws. Knowing the exact dimensions helps doctors place the screws
just right, which makes the spine more stable and reduces chances of problems like screw loosening, pedicle
breaches, or injury to nerves and blood vessels. Recent advances in imaging tools, such as measurements taken
from dry bones, traditional CT scans, and high-resolution micro-CT scans, have made it easier to gather detailed
anatomical data on lumbar pedicles. These studies show that the shape and size of pedicles can vary a lot depending
on factors like age, gender, ethnicity, and the specific level of the spine. What's more, using Hounsfield Units (HU)
from CT scans has become a useful way to predict bone quality and assess the risk of screw loosening, helping
surgeons make better decisions. This review brings together recent research from both Indian and international
populations, focusing on pedicle size measurements, how they differ in various regions, and how they change with
age. It also identifies anatomical features that may make screw stability more challenging. By reviewing multiple
studies, this article aims to emphasize the best methods used in research, summarize key findings, discuss what
these mean for clinical practice, and suggest ways to improve pre-surgery planning—eventually making surgeries
safer and outcomes better.
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Introduction

The lumbar vertebrae’s pedicles are key parts of the
spine, especially when it comes to surgeries
involving screw fixation. This technique is quite
common for stabilizing the spine in various
conditions. These short, thick bony projections
connect the main body of the vertebra to the back
parts and act as solid anchors for spinal hardware.
Because they carry and transfer loads comfortably,
lumbar pedicles are typically chosen for inserting
pedicle screws, which are central to many modern
spinal fusion and stabilization surgeries [!]. Pedicle
screws give strong three-dimensional support for the
spine and have become essential in treating many
spinal problems, like injuries, scoliosis (curved
spine), and degenerative issues such as
spondylolisthesis or spinal stenosis. Their strong
biomechanical properties allow surgeons to control
movement across spinal segments and help in spinal
fusion by keeping the vertebrae still during healing.
Still, the success of these procedures heavily depends
on placing the screws accurately. If screws are placed
incorrectly, it can lead to serious issues during or
after surgery. These issues might include breaches of
the bone cortex, which could cause nerve or spinal
cord injuries if nerves are pinched, or damage to

blood vessels, or problems with the hardware itself.
Screws that are too short, too long, or mis angled can
loosen, shift, or come out, which can compromise
stability and might mean needing revision surgery [2].
That’s why a clear understanding of the shape and
size of the pedicles - including their length, width,
height, angulation, and path - is really important for
safe and effective screw placement. Thanks to
advanced imaging technologies like CT scans and
high-resolution micro-CT, surgeons and researchers
now have powerful tools to examine the detailed
three-dimensional structure of lumbar pedicles [3].
These imaging methods help with critical pre-
surgery planning and improve the precision of
guiding screw placement. Besides, these imaging
tools have revealed important variations in pedicle
size among different populations and groups. Studies
show that factors like age, gender, ethnicity, and even
geographic location can greatly affect pedicle
dimensions. For example, some research indicates
that people from certain Asian backgrounds,
including India, often have smaller pedicles
compared to Western populations. Knowing these
differences is critical during planning to prevent
screw fit issues or choosing the wrong screw size.
Beyond just measuring size, CT scans can also assess

Doi: 10.69980/ajpr.v28i5.324

1548-7776 Vol. 28 No. 5 (2025) May 71/76


https://ajprui.com/index.php/ajpr/index
mailto:ajay231218@gmail.com

American Journal of Psychiatric Rehabilitation

bone quality using Hounsfield Units (HU). Lower
bone density, which is common in older or
osteoporotic patients, increases the risk that screws
might loosen over time. Including HU measurements
in planning allows surgeons to select the most
suitable screw type such as expandable or cement-
augmented screws and develop a better fixation
strategy for bones that aren’t as strong [*].

This review looks at recent research from both India
and other countries that focuses on the size and
structure of lumbar pedicles. By bringing together
findings from different studies, the goal is to share
the best ways to measure pedicles, talk about
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differences based on region and population, and
consider what these differences mean for healthcare.
We also want to find areas where more research can
improve surgical planning, making procedures safer,
lowering complications, and helping patients recover
better.

Anatomy

The lumbar vertebrae consist of five bones, labelled
from L1 to L5. Among these, L1 and L5 are
considered atypical, while L2, L3, and L4 are more
typical. These vertebrae differ from others in several
ways:

Lumbar Vertebrae

Lateral View Superior View

Inferior
Articulating
process w/ facet

-Large body

Spinous Process

Superior
Articulating
process w/ facet

Transverse
Process

-Square spinous process

-No transverse foramen or costal facets
Fig: Representing the anatomy of lumbar vertebrae

A. Thevertebral body is large, wider side to side, and
slightly thicker in front than at the back.

B. The pedicles are very strong and directed
backward.

C. The laminae are broad, short, and sturdy.

D. The vertebral foramen has a triangular shape.

E. The spinous process is thick, broad, and
somewhat quadrilateral.

F. The transverse processes are long and slender.

G. There are three notable tubercles on the
transverse process: the lateral Costiform process, the
mammillary process located on the back of the
posterior articular process, and the accessory
process on the back of the transverse process.

H. The first lumbar vertebra features a strong
pedicle originating from the posterolateral part of
the vertebral body just below its top edge. Its spinous
process is broader, more aligned with the vertebral
body, and tilts slightly downward compared to L5. Its

vertebral body is smaller and less thick than that of
L5 [5].

I. The fifth lumbar vertebra has a vertebral body
that is deeper at the front than at the back, with a
smaller spinous process, thick transverse processes,
and wide inferior articular processes. This vertebra
is often involved in conditions like spondylosis and
spondylolisthesis.

J. Itlacks costal facets, and

K. there is no transverse foramen [°].

Material and Methodology

When studying the lumbar pedicles, the way we
approach the material and methods really matters. It
helps us get precise, trustworthy data that can guide
surgeons during operations. This review combines
results from different studies that used various
methods to examine the shape and size of lumbar
pedicles.
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Study Groups: The review covers data from both
Indian and other international populations. This
gives us a broad view of how lumbar pedicle anatomy
can vary among different groups of people. By
looking at a mix of ages, genders, and ethnic
backgrounds, the findings become more applicable
to a wider audience, revealing how these factors
might affect pedicle sizes.

Methods Used; several techniques are discussed in
the studies we looked at:

Dry Bone Measurements: Traditional studies often
involve measuring actual skeletal bones, which helps
establish a basic understanding of lumbar pedicle
structure. These measurements have been critical for
foundational anatomical knowledge [¢].

Imaging Techniques: Advances in imaging,
especially CT scans and micro-CT, allow for detailed,
non-invasive views of pedicle shape and size. These
methods let us evaluate aspects like width, height,
the angle of the pedicle, and bone thickness [7].
Hounsfield Unit (HU) Measurements: Using CT
scan data to analyze HU values has become a useful
way to gauge bone quality. This helps predict
potential screw loosening and supports surgical
planning [7].

Data Collection and Combining Results: The
review emphasizes how merging data from different
techniques enhances the safety and success of
lumbar spine surgeries. Combining findings gives a
clearer overall picture of how anatomy influences
screw placement and surgery outcomes.

A) Pedicle Height
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In short, this overview shows the variety of
approaches available for studying lumbar pedicles. It
emphasizes how important accurate measurements
are for planning surgeries better and ensuring
patient safety.

Measurement Parameters

Let's find out the key measurement parameters used
in analyzing the lumbar pedicles, which are essential
for understanding how they impact surgical
procedures. Here's a quick rundown of what the
article covers:

Pedicle Length: This is the distance from the back
part of the pedicle to where it connects with the front
of the vertebral body along its axis. Knowing this
helps surgeons choose t8e right screw length to
ensure a secure fit without poking through the front
of the vertebra [8].

Pedicle Thickness: The study shows that pedicle
thickness gradually gets thicker from L1 to L5, with a
noticeable jump at L5. This change is important
because the lower lumbar area, especially near the
sacrum, needs stronger support to handle more
weight [8].

Pedicle Width: While not emphasized openly in the
main text, measuring how wide the pedicle is helps
provide a full picture of its shape. This dimension is
key for making sure screws stay stable during
surgery [8].

(B) Pedicle Width

(C) Pedicle Length

_- Pedicle Axis

Pedicle Axis

Median Line

Fig: representing parameters of lumbar pedicles
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Bone Quality Assessments: The article points out
that evaluating bone quality, often using Hounsfield
Units from CT scans, is essential. Good bone quality
means fewer chances of screws coming loose, so this
info guides surgeons in planning the procedure more
safely.

Regional Microstructural Variations: The shape
and size of pedicles can vary depending on the
vertebral level, age, and sex. Recognizing these
differences allows surgeons to customize their
approach for each patient [?].

To sum it up, measuring pedicle length, thickness,
width, and assessing bone quality are all essential
steps to plan surgery better and achieve better
results for patients.

Results

The findings from analyzing the shape and size of
lumbar pedicles help us understand how different
factors affect their structure, which is important for
planning surgeries. Here’s a quick summary of what
the article covers:

Variations in Pedicle Shape and Size: The study
shows that aspects like age, gender, and ethnicity
play a big role in how pedicles are shaped. For
example, as people get older, their pedicle size tends

Comparison Table

Expert Opinion Article

to get smaller, and women generally have smaller
pedicles than men. This means doctors need to think
about these differences when planning surgeries.
Bone Quality and Screw Holding Power: Using CT
scans to measure Hounsfield Units (HU) helps
predict how strong the bone is. Bones with lower HU
values (124 or less) are linked to a higher chance of
screws coming loose. Recognizing these patients
early can help surgeons decide if additional support
is needed to keep screws secure.

Microstructure Details: Micro-CT scans give us a
closer look at the tiny structures inside the pedicle
wall. This helps identify areas that might break under
pressure, guiding surgeons to choose safer angles for
screw placement.

Differences Across Populations: The research
emphasizes that people from different backgrounds,
like Indian and Turkish groups, have noticeable
differences in their pedicle shapes. This shows that
creating region-specific anatomical data is important.
Personalizing implants and techniques to specific
populations can improve surgery results [1].
Overall, the review emphasizes that customizing
surgical plans based on individual anatomy and bone
health is key to better outcomes and fewer
complications.

Pedicle thickness increased
gradually from L1 to L4, then
suddenly at L5

Age-related increases in
pedicle width were seen in
the thoracic but decreases in
the lumbar
Predictive of
loosening, <124 HU

screw

The bone density of the
caudal and lateral walls is
lower

Male pedicle diameters are
greater; L1 to L5 dimensions
have risen

Assists in selecting an
appropriate screw size
[M]

draws attention to the
significance  of  age-
specific screw design [12]

supports HU-based
screening prior to
surgery [13]

explains screw breach
high-risk areas [14]

Planning surgeries
according to gender [15]

Londhe et AdultsIndian Analysis
al. (2022) of dry
bones
Singh et al. 200 patients CT
(2020) from India morphom
etry
Shu et al. 215 people CT HU
(2023) with analysis
degenerative
diseases
Irie et al. Lumbar spines Micro-CT
(2021) in the cadavers analysis
Diizkalir et Patients from CT
al. (2015) Turkey imaging
Discussion

The discussion here shows how important precise
measurements of the spine are for making lumbar
surgery safer and more effective. Getting accurate
measurements helps doctors choose the right
implants and avoid problems like screws loosening
or damage to nearby nerves and blood vessels. In the
past, studies of dry bones gave us a basic idea of the
anatomy, but they didn't account for how things can
change inside a living person. Factors like age-
related degeneration, individual differences, and

movement all affect the anatomy. Thanks to modern
imaging techniques like CT scans and micro-CT, we
can now gather detailed, personalized data about
each patient's spine. These tools allow for better
assessment of pedicle sizes, angles, and bone quality,
which is especially useful diverse populations.
Changes that come with as narrower pedicles and
lower bone density, make it clear that surgical plans
should consider age-specific factors. Similarly,
differences between men and women in pedicle
shape suggest that implants should be customized to
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each person, rather than using a standard size.
Studies comparing populations, like those from India
and Turkey, emphasize needing region-specific
anatomical information to guide surgery. Using
Hounsfield Units (HU) from CT scans before surgery
also helps identify patients at higher risk for screw
loosening, so preventive steps like cement
augmentation can be used early. Micro-CT studies
show that the inner walls of lumbar pedicles have
denser bone than the outer parts, giving surgeons
important clues for safer screw placement. Overall,
combining detailed measurements with bone quality
data helps improve surgical planning, making
treatments more personalized and successful.
Moving forward, research should focus on building
comprehensive  anatomical = databases  and
developing better models to predict risks and
improve outcomes in spinal surgery.

Conclusion

This review sums up the main findings and what they
mean for the broader picture of studying lumbar
pedicles. Looking at the shape and size of these bones,
using everything from simple measurements on dry
bones to high-tech scans like CT and micro-CT, has
been critical for making spinal surgeries safer, more
precise, and more effective. Knowing about the
pedicle’s length, width, height, and angle really
matters because it helps doctors place screws more
accurately. Women usually have smaller ones than
men, which means surgeons need to plan carefully
according to these differences to avoid mistakes. Plus,
differences seen between populations, like those
from India and Turkey, emphasize needing region-
specific data to guide how implants are made and
how surgeries are performed. Before surgery,
checking bone quality using HU scores from CT scans
has become helpful. It can predict who might have
trouble with screw loosening, allowing plans to
include support measures if needed. Micro-CT scans
give extra detail by showing micro-level weaknesses
in parts of the pedicle, helping surgeons choose safer
paths for screws. Overall, this review encourages a
personalized approach to spinal surgery, using
detailed measurements and bone quality info to get
the best results, ensure the screws hold well, and
avoid complications. Incorporating these detailed
measurements into pre-surgery planning is key for
long-lasting stability and better patient outcomes in
spinal stabilization surgeries.
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