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ABSTRACT

Computed Tomography (CT) has evolved from simple axial image acquisition to
a sophisticated modality capable of generating high-resolution volumetric and
three-dimensional (3D) models. Image reconstruction —the process of converting
raw projection data into diagnostic images —forms the foundation of CT imaging.
Modern advancements, including iterative algorithms, Fourier-based techniques,
and Al-enhanced segmentation, have significantly improved image quality,
reduced noise, and enabled complex 3D visualization. This review provides a
comprehensive overview of CT image reconstruction principles, algorithms,
clinical applications of 3D reconstruction, the role of artificial intelligence (Al),
limitations, and future directions in CT imaging.
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INTRODUCTION
Computed Tomography (CT), developed by

CT scanners were slow, low-resolution
devices relying on oscilloscope displays and

Hounsfieldand Cormackin1972,revolutionized
medical imaging by providing cross-sectional
(“tomographic”) visualization of internal
structures based on X-ray attenuation.'? Early

paper tape data storage, but rapid advances
in computing, detector technology, and
algorithm development have transformed
CT into a fast, high-resolution modality
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capable of generating detailed 2D and 3D
anatomical models.? With growing clinical
demand for precise anatomical visualization,
3D CT reconstruction plays a vital role in
oncology, orthopedics, craniofacial surgery,
and interventional radiology.?

Generations of CT and  Historical

Development

The earliest scanners used translate-rotate
motion and extremely slow reconstruction
based on simple back projection. Data storage
involved paper tape and oscilloscope-based
image display*. As technology progressed,
fan-beam  geometry, rotating gantries,
multislice detectors, and spiral CT dramatically
improved acquisition speed and reconstruction
quality.® These advances laid the foundation
for modern 3D reconstruction.

1. 1st Generation: Pencil beam; tube and
2 detectors move by translation and
rotation.

2. 2nd Generation: Fan beam; ~30 detectors;
translate-rotate motion.

3. 3rd Generation: Wide fan beam; arc of
detectors; complete rotation of tube and
detectors.

4. 4th Generation: Rotating tube with
stationary circular ring of detectors.
5th-7th Generations include EBCT and
modern multislice spiral/helical CT
systems.*?

CT Image Formation Fundamentals
Steps for CT image formation include:
1. Setting scan parameters

2. X-ray tube rotation — collection of raw
data

Convolution with reconstruction filter

Application of reconstruction algorithm

AR

Formation of CT image (Hounsfield scale)
6. Display, archiving, and post-processing.

Image reconstruction is the mathematical
process of converting projection data
into tomographic images. Algorithms use
measured attenuation values to calculate each
pixel’s density. This directly impacts image
quality and radiation dose.

Reconstruction involves preprocessing,

logarithmic conversion, convolution, and back
projection.’” Images can be represented in:

* Spatial domain, used for human viewing.
It is traditional pixel-based images used
for display and diagnosis.

* Frequency domain, images expressed in
terms of spatial frequencies; useful for
filtering, edge enhancement, and noise
suppression and is used for filtering and
artifact correction*®?

Convolution enhances edges or smooths noise
using filters. Interpolation, essential in helical
CT, estimates missing values between slices to
generate isotropic voxels.”®

Reconstruction Algorithms in CT

1. Simple Back Projection (SBP)

The earliest method, where projection data
are “smeared back” over the image matrix.
Although conceptually simple, SBP results
in severe blurring and star-shaped artifacts,
making it unsuitable for modern clinical use.

2. Iterative Reconstruction (IR)

Iterative methods begin with an assumed
image and repeatedly refine it by comparing
calculated and measured projections until the
difference is minimized. Variants include:

* ART (Algebraic Reconstruction
Technique)
e SIRT (Simultaneous Iterative

Reconstruction Technique)
* Least-Squares Methods

IR greatly reduces noise and radiation dose but
traditionally required high computing power.
Modern scanners use hybrid and model-based
IR for improved low-dose imaging.”*

3. Analytical Methods (Used in Modern CT)

a. Filtered Back Projection (FBP)
The most widely used technique.
Steps include:
1. Logarithmic conversion of detector data

2. Application of a ramp filter (or modified
versions)

3. Back projection of filtered profiles

The ramp filter suppresses low-frequency blur
and enhances edges, producing sharper and
more diagnostic images.”’
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b. Fourier Reconstruction Algorithms

Based on the Fourier Slice Theorem, which
states that the Fourier transform of a projection
corresponds to a line (slice) in the frequency
domain of the image. Data acquired in radial
fashion are interpolated into a Cartesian
grid and transformed back to the spatial
domain using inverse Fourier transform. This
approach is widely used in MRI and provides
the mathematical basis for CT reconstruction.’

Steps in Creating 3D CT Models

1. Data Acquisition

Hundreds or thousands of thin slices
are collected in DICOM format.
The thinner the slice thickness and smaller the
reconstruction interval, the higher the fidelity
of the 3D model.*

2. Segmentation

Segmentation assigns each pixel or voxel to a
specific structure—bone, organ, blood vessel,
or lesion—based on density values. This is
the most labor-intensive stage and directly
determines model accuracy.

3. Rendering

Rendering converts segmented data into a 3D
model. There are two main techniques:

* Surface Rendering: Creates a 3D shell
of structures; ideal for bones, fractures,
craniofacial reconstruction, and implant
design.

* Volume Rendering: Assigns opacity and
color to all voxels; allows visualization
of internal structures (e.g., tumors inside
organs, vascular networks).'!

Importance

3D reconstruction CT converts stacks of 2D
axial slices into interactive 3D digital models,
allowing clinicians to understand anatomical
relationships more intuitively. Traditional
CT requires mental reconstruction from 2D
images, whereas 3D models provide a direct,
lifelike visualization.

Clinical Applications of 3D Reconstruction
CT
Oncology

3D models help surgeons map tumor
boundaries, identify vessel involvement, and
plan resections. In liver surgery, 3D volumetry
allows calculation of future liver remnant,
reducing postoperative liver failure risk.>"
Orthopedics and Craniofacial Surgery
3D CT is essential for:

e Custom implant fabrication

* Planning corrective osteotomies

e Reconstruction of skull and facial bone
defects

* Visualizing complex fractures in three
dimensions

These models improve surgical precision and
reduce operative time.>'>1?

Figure 1: 3D CT reconstruction of face (coronal and right oblique view) showing panfacial fractures
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Interventional Radiology

3D vascular reconstructions serve as a “GPS
system” for navigating catheters, improving
procedural accuracy and safety during
angiography, embolization, and stenting.

Role of Artificial Intelligence in 3D CT
Reconstruction

Al dramatically accelerates and automates
segmentation—turning a time-consuming
manual task into a process completed within
minutes. Benefits include: consistency across
studies and operators, Higher throughput,
improving departmental efficiency and
reduced human error in tracing complex
anatomy.

Al also enhances diagnostic power by
detecting subtle patterns, analyzing tumor
texture and geometry, and contributing to
predictive imaging, where imaging data help
estimate disease progression or treatment
response.*'

The Future of CT Reconstruction
Advances expected in coming years include:
e Ultra-high-resolution 3D and 4D (time-
resolved) imaging
* Predictive algorithms for tumor evolution

e Seamless integration of 3D CT with
robotic surgery and navigation systems

e Fully automated, Al-driven
reconstruction pipelines

REFERENCES

1. Cormack A.M. Representation of a Function
by its Line Integrals, with Some Radiological
Applications. | Appl Phys. 1963; 34(9): 2722-7.

2. Hounsfield G.N. Computerized transverse axial
scanning (tomography). Part 1: Description of
system. Br | Radiol. 1973; 46(552): 1016-22.

10.

11.

12.

13.

14.

Petersen ], Nielsen T. Hansen C. 3D
visualization in surgical planning: A
review. | Med Imaging. 2020; 7(5): 1-15

Flohr T.G., Ohnesorge B., Bruder H. Image
reconstruction and image quality

evaluation for a 16-slice CT scanner. Med
Phys. 2003; 30(12): 3097-110.

Rocha-Jtnior E., Pégo-Fernandes
PM. Three-dimensional computed
tomography reconstruction in the era
of digital personalized medicine. Sao
Paulo Med J. 2023 Jan-Feb; 141(1): 1-3.

Hsieh J. Computed Tomography: Principles,

Design, Artifacts, and Recent Advances. 3rd
ed. Bellingham: SPIE Press; 2015

Bushberg ].T., Seibert J.A, Leidholdt E.M.,,
Boone J.M. The Essential Physics of Medical
Imaging. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 2012.

Kak A.C., Slaney M. Principles of Computerized
Tomographic Imaging. Philadelphia: SIAM; 2001.
Kalender ~W.A.  Computed  Tomography:
Fundamentals, ~ System  Technology, — Image
Quality, Applications. 3rd ed. Erlangen: Publicis
Publishing; 2011.

McCollough CH, Primak AN, Braun N, et al.
Strategies for reducing radiation dose in CT.
Radiographics. 2006; 26(2): 503-12.

Rubin G.D., Roos J.E., Tall M. CT and MR
Angiography: =~ Comprehensive ~ Vascular
Imaging. 2nd ed. Philadelphia: Wolters Kluwer;
2014.

Schulze R., Heil U., Gross D., et al. Artefacts in
CBCT: A review. Dentomaxillofac Radiol. 2011;
40(5): 265-73.

Litjens G., Kooi T., Bejnordi B.E., et al. A survey
on deep learning in medical image analysis.
Med Image Anal. 2017; 42: 60-88.

Mazurowski M.A., Buda M., Saha A., Bashir
M.R.. Deep learning in radiology: An overview

of concepts and a survey of the state of the art.
Radiology. 2019; 290(2): 318-28.

JPST / Volume 7 Number 1 / January-June 2026



