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ABSTRACT
Article Info A series of improved imaging-computational and algorithmic methods for
Volume 7, Issue 6 new/different lumbar cadaveric specimens was obtained. These are based on
Page Number: 112-123 previous publications [3,3.1], with an improved-imaging research line. Results

show a systematic study of each lumbar cadaveric specimen. Enhanced imaging
Publication Issue : findings and resolution for vertebral facets/positioning, contrast, anatomical
November-December-2021  parts separation and visualization of lumbar spines are demonstrated. Medical

Physics and clinical bioengineering advances related to previous contributions

Article History are proven with imaging processing, programming codes/patterns, and computer
Accepted : 10 Nov 2021 vision tools. Findings constitute computational imaging methods which are
Published : 20 Nov 2021 appropriate for sharp and detailed anatomical-clinical analysis and comparisons

among cadaveric specimens. These processing solutions are useful for lumbar
spine computational study and anatomical dissection. Applications on Medical
Physics, Biomedical Engineering, and Computational-Forensic Diagnosis are
obtained from this cadaveric imaging systematic comparison and software
methods.

Keywords : Image Processing, Software Engineering, Surfactal Programming,
CAD (Computer Aided Design), CAM (Computer Aided Manufacturing),
Anatomical Cadaveric Imaging Simulations, Biomechanics, Bioengineering,
Spinal Computational-Surgery, Spinal Ligaments, Spinal Anterior Longitudinal
Ligament (ALL).

I. INTRODUCTION body, dimension, shape, facets, ligaments, curvature,

geometry at different stages of lifetime or any

In previous contributions, [3,3.1,8-12], Surfactal pathological stage can provide database for surgical
Computer Aided Design (CAD) and Computer Aided theatre  pre-post-operative  planning  and/or
Manufacturing (CAM) methods were applied to instrumentation manufacturing. In
obtain biomechanical, clinical medical physics, and preventive/statistical medicine, this information is
anatomical systematic study of lumbar cadaveric also valuable/practical for evaluation of the

specimens. The bioinformatics statistics of vertebral incidence/prevalence of spinal diseases. Imaging
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processing in CAD and CAM are widely used for
design of spinal devices, tools, and orthopedics
apparatus. Namely, new prostheses, spinal screws,
stabilization kits, artificial intervertebral disks, grips,
etc. For instance, when using CAD in design of
surgical tools or prostheses, the fitting error can be
significantly reduced—the larger statistical database,
the less fitting error when prostheses are set. This
article, based on previous publications, [3, 3.1,8-12], is
focused on a different research line. That is, the
computer vision tools and imaging processing usage
for getting digital database from lumbar cadaveric
specimens. When digital records are obtained from
the imaging laboratory apparatus, e.g., a scanner, the
subsequent stage is to get the best computational
implementation/programming for setting high-quality
representations/views. Therefore, this study shows
how computer vision tools and image processing can
be used to obtain clinical information from lumbar
cadaveric specimens. It comprises, complete lumbar
spine shape, vertebra pathology, arthrosis damage,
osteoarthritis, facet bone-degeneration, vertebra and
disk deformation, disk protrusion, pedicles, ligaments
and other important data in clinical medical physics.
In brief, this article proves utility and efficacy of a
number of computer vision tools, programming codes
and patterns, and image processing techniques to
dissect/examine lumbar cadaveric spine digital
database. Further, pre-hypotheses and projections
towards future clinical medical physics and surgical
applications are indicated/explained. Results and
images can be considered acceptable both for future
biomedical advances and spinal surgery applications.
Medical

important

Computational Physics  applications

constitute an innovative

group of

applications.

II. EXPERIMENTAL CADAVERIC SPECIMEN
MATERIALS
Scanning the cadaveric specimens of lumbar spines
with a digital scanner apparatus was the experimental

method to select numerical data. The CAD surfactal

fit was obtained from different anterior vertebral
body anatomic cadaveric samples. The cloud data of
these cadaveric samples, as in [3,3.1,8-12], was
obtained using the 3D Scanner Digitizer (high
resolution =107 m). The data obtained of the spine
surfaces had =~10° points for each specimen. The
specimen 1 has about 16350 3D points. The specimen
2 has approximately 16300 3D cloud points.

Table 1.- Computer vision tools used for images.

COMPUTATIONAL IMAGE
AND VISION TECHNIQUES

VERTEBRAL To be determined by

LENGTH number of cloud data and
tiles size

LUMBAR SPINE All projections along

POSITIONING axes, orbit, tilt, moving
(horizontal, vertical,
forward, backwards),

VERTEBRAL projections along axes,

FACETS orbit, tilt, moving
(horizontal, vertical,
forward, backwards)

DISKS projections along axes,
orbit, tilt, moving
(horizontal, vertical,
forward, backwards)

ARTHROSIS Contrast, tilt, zoom

OSTEOPATHY

OSTEO-

ARTHRITIS

DEGENERATION

SIGNS

ALL Contrast, tilt, zoom,

[Anterior traces visualized

Longitudinal along some vertebral

Liganent] specimens

With algebraic methods, cloud point number is
the

reduced from =105

to =10* to increase
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visualization program speed. The reduction of points
was performed by interpolation software, taking
approximate middle points among intervals. In
previous contributions, extent developments of the
specimens for computational programs were carried
out [8-12]. The objective was to interpolate the cloud
data to optimize the imaging processing tools usage.
The tiles size computational method was extensively

developed along a series of publications [8-12].

ITII. COMPUTATIONAL IMAGING PROCESSING
AND MATHEMATICAL METHODS

Image processing and computer vision tools were the
principal implement to obtain the images and use the
camera settings. The programming method was based
on both camera settings, subroutines and a group of
codes to set spinal images accurately. Programming
techniques are based on previous publications and
literature [2,4,5,6,7,8-12]. The following imaging
processing settings were used: zoom, rolling,
projections along axes, orbit, tilt, moving (horizontal,
vertical, forward, backwards), definition of principal
axes, imaging contrast and tiles size. Table 1 shows
the main set of reference-standard algorithms,
functions, and applications for image processing,

analysis, visualization, and algorithm developments.

IV. COMPUTATIONAL RESULTS

Findings obtained by imaging software are presented
in a series of computer vision pictures, Figures 1-8.
The compared anatomical-clinical details of facets,
vertebra sizes and body, pathological signs, ligaments,
length and other are obtained along the images.
Tables and 3 show the imaging results summary.
Figure 8 presents an special specimen form [3.1] that
was implemented for imaging processing patterns.
That specimen is particularly longer and shows a

sharp protrusion of all disks.

T ANATOMICAL CAOAVERIC LUMBAR SPECIMEN-T
COMPUTATIONAL IMAGING SET
ISOLINES ISOUINES OF

INSET UP-LEFT

CRANIAL CAUDAL DIRECTION
INTERNAL-EXTERNAL DIRECTION

Figure 1.-L5 facet lateral-right image processing
separation in specimen 1. Facet imaging-visualization
the

appropriate

was optimized setting tiles division and

brightness-color numerical data in
program. The complete L5 lateral-right facet is shown.
the

Conservation in general is good with one arthrosis

Pictured inset, left-up, lateral-left image.

nodule. Image color, definition, and contrast was got
by using vision tools in Matlab and proper sentences

in program.

'SPECIMEN 1
L5-51 DISK
DEGENERATED

Figure 2.-Complete cranial-caudal image of specimen
1. Image was set with processing tools for showing
better L2 facet. All facet imaging-visualization was
optimized setting the tiles division and brightness-
color appropriate numerical data in program. The
complete L5 facet is shown partially. Image color,
definition, and contrast was got by using vision tools
and proper sentences in program. Enhanced in

Appendix.
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Ispscmsn 1 CAUDAL VERTEBRA IMAGING |

SPECIMEN 1
L34 DISK
DEFORMED
LEFT SIDE

SPECIMEN 1

LEFT SIDE

NO
PROTRUSION

SPECIMEN 1

L5S1 DISK
DEFORMED
RIGHT SIDE

NO
PROTRUSION

Figure 3.-Complete cranial-caudal image of specimen
1, but tilted to show L5 and Sacrum zones. Image was
set with processing tools for showing better L5 facet.
All facet imaging-visualization was optimized setting
the tiles division and brightness-color appropriate
numerical data in program. The complete L5 facet is
shown in first plane. Image color, definition, and
color-contrast was got by using vision tools and

proper sentences in program.

ANATOMICAL CADAVERIC LUMBAR SPECIMEN-1
COMPUTATIONAL IMAGING SET
ISOLINES SPECIMEN 1
TRACES

OF ALL
ALONG FACETS
L4AND LS

POSTERIOR-ANTERIOR DIRECTION

CRANIAL-CAUDAL DIRECTION
INTERNAL-EXTERNAL DIRECTION

Figure 4.-Complete specimen 1 lateral-right imaging
processing set. The separation of vertebras in this
specimen 1 was got sharp with computer vision tools.
Isolines are clear. ALL are marked inset. Facet
imaging-visualization was optimized setting the tiles
division and brightness-color appropriate numerical
data in program. The state of conservation of facets-
vertebras and disks can be observed. L5 is well
preserved, but L4 facet not so well. Color, definition,
and contrast was got by using vision tools and proper
sentences in program. Enhanced for details in

Appendix.

ANATOMICAL CADAVERIC LUMBAR SPECIMEN-2 COMPUTATIONAL IMAGING SET

&

8 u T FACET W G000
4

gy

z

S

-

CRANIAL-CAUDAL DIRECTION
INTERNAL EXTERNAL DIRECTION

Figure 5.-L5 facet image processing separation in

specimen 2. Facet imaging-visualization was
optimized setting the tiles division and brightness-
color appropriate numerical data in program. The
complete L5 anterior facet is shown in first plane.
Conservation is good with one arthrosis nodule.
Image color, rotation, definition, and contrast was got

by using vision tools and proper sentences in program.

ANATOMICAL CADAVERIC LUMBAR SPECIMEN-2
COMPUTATIONAL IMAGING SET

L4 FACET
WELL
CONSERVED

POSTERIOR-ANTERIOR DIRECTION

CONSERVED e —= - ” i

5"
50

CRANIAL-CAUDAL DIRECTION

INTERNAL-EXTERNAL DIRECTION

Figure 6.-L2 facet image processing separation in

specimen 2. Facet imaging-visualization was
optimized setting the tiles division and brightness-
color appropriate numerical data in program. The
complete L3 anterior facet is shown. The lateral L4
facet is marked. Conservation is good with one
arthrosis nodule. Image color, definition, and contrast
was got by using vision tools and proper modified
sentences in program. Specimen 2 is shorten than

specimen 1. Enhanced for details in Appendix.
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SPECIMEN 1
3

SPECIMEN 1
Ls

DEFORMED

« [sPECMENT
LaL5.

SPECIMEN 1
2 DSk

PROTRUSION

EACET DEFORMED.

WELL
CONSERVED

SPECIMEN 1
L6551

SPECIMEN 1
SACRUM 3 Disk
FACET

WELL
CONSERVED

WELL
CONSERVED

Table 2.-Imaging results for specimen 1.

COMPUTATIONAL IMAGE PROCESSING

Figure 7.- Complete cranial-caudal image of specimen
1, but tilted to show L5 and Sacrum zones. Image was
set with processing tools for showing better L5 facet.
L4 is deformed. All facet imaging-visualization was
optimized setting the tiles division and brightness-
color appropriate numerical data in program. Image
color, definition, and contrast was got by using vision
tools and proper sentences in program. Error, in
image text it should be written specimen 2. Enhanced

X.

for details in Appendi

W‘ L2423 DISK
PROTRUSION

L3 FACET

DEGENERATED: DEFORMEED

L3L4DISK

LSFACET —
Vi T

ERY
DEGENERATED

TR
PROTRUSION
“Sacrm FACEY | axe
SiFommee
DesenenaTeD Sem—

Figure 8.- Complete cranial-caudal image of specimen
1 from [3.1], but tilted to show L4-L5 and Sacrum
zones. Image was set with processing tools for
showing better all vertebra disks protrusions. L5 is
deformed, L4 degenerated. All facet imaging-
visualization was optimized setting the tiles division
and brightness-color appropriate numerical data in

program. Image color, definition, and contrast was got

by using vision tools and proper sentences in program.

This image needed make some special patterns in the
program. This specimen from [3.1] is particularly long

and anatomically interesting.

RESULTS SPECIMEN 1
LENGTH standard
VERTEBRAL Degenerated,
BODIES, FACETS asymmetry,
concavity and
convexity
deformed
DISKS Not significantly
herniated but
deformed
PEDICLES Can be
something
observed at L5
ARTHROSIS Significant and
OSTEOPATHY affecting to
DEGENERATION all vertebras
GEOMETRICAL Arthrosis changes
DISTRIBUTION are non-
symmetrically
distributed as it
is usual in that
degenerative-
disease
TRANSVERSAL Cannot be
PROCESSES observed
ALL Traces can be
visualized
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Table 3.-Imaging results for specimen 2

COMPUTATIONAL IMAGE PROCESSING
SPECIMEN 2
LENGTH smaller than
previous specimens
VERTEBRAL Concavity and
BODIES, convexity deformed,
FACETS anatomical holes
DISKS Herniated some
of them
PEDICLES Can be
something
observed at L5
ARTHROSIS Significant and
OSTEOPATHY affecting to most
DEGENERATION | vertebras
GEOMETRICAL Arthrosis changes
DISTRIBUTION are non-symmetrically
distributed as it is
usual in that
degenerative-disease
TRANSVERSAL Cannot be observed,
PROCESSES in articles [3,3.1] it
was possible
to observe pedicles
ALL Traces can
be visualized

V. CLINICAL MEDICAL PHYSICS AND
BIOENGINEERING APPLICATIONS

Medical Physics and Biomedical applications of
imaging processing are varied. Tables 4-5 shows a
brief of applications from [3.1]. These are from
surgical theatre tools manufacturing till implants,

artificial disks, stabilizers, pediatric orthopedics, etc.

Theoretical study usage comprise all computational
software and database for CAM and/or CAD of any
prostheses, implant, apparatus, orthopedic stabilizer,
etc. Also statistical data and CAD software for analysis
of spinal pathologies—for example,
incidence/prevalence of youngsters spinal diseases
evolution, database/statistics of elderly spinal diseases
incidence, professional-risk of spinal damage, etc. An
important application is the CAM design of interfaces.
Interfaces of surgical tools, implants, prostheses and
orthopedic apparatus have to fit as much optimal as
possible. This property avoids complications,
malfunctionality, breaks, corrosion of interfaces,
friction problems, erosion, abrasion, wear of
materials, histocompatibility inmunological reactions,
post-operative rehabilitation and pain, and a wide of

unpredictable clinical complication possibilities.

In the specialization of Pediatric Surgery CAM is
more complicated in general than the adult’s one. The
children organism and constitution is in dynamic-
growing continuous evolution, and the physical
activity of a child is higher than the adult.
Computational Biomechanics and computational
dissection CAD and CAM design constitutes an useful
tool to resolve all these pediatric biomedical
pathologies. Statistical imaging database for pediatric
bones is more difficult to be obtained.

Table 4.-Resume of Biomedical applications from
[3.1].

COMPUTATIONAL MEDICAL PHYSICS
APPLICATIONS (I)

SPINAL SURGICAL

PATHOLOGY APPLICATIONS

FIELD

SPINAL CAD All tools and
prostheses optimal design

SPINAL CAM All tools and prostheses
optimal manufacturing
design
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COMPUTATIONAL MEDICAL PHYSICS

Table 5.-Resume of Biomedical applications from

[3.1].
APPLICATIONS (I)

SPINE TOOLS Spinal instrumentation, COMPUTATIONAL MEDICAL PHYSICS
AND implants and deformity APPLICATIONS (II)
APPARATUS correction prostheses, SPINAL SURGICAL

. . PATHOLOGY APPLICATIONS

implant-bone optimal

. . . FIELD

interfaces instrumentation,

) SPINE DEFORMATIONS | All types of spinal tools

all kind of screws, rods, ] )

) ) [AND CHILDHOOD for correction or spinal
grips, distractors, DEFORMATIONS] balance. Osteoarthritis
screw-insertion-angle deformations
optimization for a wide PREVENTIVE MEDICINE | Statistics for prevention
range of implants of incidence/prevalence

PROSTHESES All types of implants, of spinal diseases,
artificial disks, clamps, statistic models
stabilizers, etc for disease evolution
scoliosis,and all WORK types of tools functionality,

interfaces, resistance,
other types of ) )
. corrosion protection,
deformations . . .
_ instrumentation ductility
orthopedics apparatus and/or fatigue

PRE- Pre-operation ROBOTIC SPINAL Robotic surgery

OPERATION Computational SURGERY operations for minimal
simulations/optimization, invasive methods
Pre—operatjon design PEDIATRIC SPINAL Deformation, stabilization,
of implants or SURGERY correction prostheses,
necessary new tools at theatre spinal pediatry

POST- Complications prevention, TATRIC ms(;mmentatf;l in general

PEDIATRI Pediatrics stabilizati

OPERATION post-operation tracking, e HCS.S abration
. . . ORTHOPEDICS orthopaedics
1maging Post—operat1?n COMPUTATIONALFORE | Autopsia computational
computational checking, NSIC diagnosis of cadaveric
design of necessary DISSECTION specimens.
additional post-operation Autopsia statistics for
implants computational database

REHABILITATIO | Post-surgery orthopaedics [Casesnoves, 2020]

N rehabilitation for motion COMPUTATIONALFORE Robotic-Aided autopsia.
preservation apparatus, NSIC omputational Robotic-

ROBOTICS-DISSECTION | Aided autopsia database.
prostheses,
. Lo Artificial Intelligence for
electric-mechanical implants
Robotic-Aided
autopsia [Casesnoves, 2020]
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VI. DISCUSSION AND CONCLUSIONS

The study has shown the imaging processing methods
to obtain clinical and biomedical database from
lumbar spine vertebral specimens. The 3D cloud data
of the vertebras offers a number of research
possibilities for data/imaging extraction. Medical
Physics and Biomedical applications for CAM
constitute the principal applications.

The determination of curvatures, facet smoothness,
concavities geometrical data, angles of curvature, size
of surfaces, and bone-degeneration/deformation of
vertebras, are useful for clinical biomedical study, and
surgical industry. The pathological signs of facets and
disks, such as degeneration, asymmetry of facets and
body shapes, or disk herniation constitute useful
imaging data. These properties measurement are
suitable for new prostheses, spinal screws,
stabilization kits, artificial intervertebral disks, grips.
Also for precise surgical tools manufacturing, spinal
stabilization, artificial implants/prostheses, orthopedic
robotics  and

apparatus/instruments,  surgical

computational  preparation/design  of
[1,2,3, 3.1,6-10,13]. Other type of
useful.

computational diagnosis of cadaveric specimens.

surgical
intervention

Forensic  applications are Autopsia

Autopsia  statistics for computational database

2020].  Robotic-Aided

Computational Robotic-Aided autopsia database.

[Casesnoves, autopsia.
Artificial Intelligence for Robotic-Aided autopsia
[Casesnoves, 2020].

In summary, the study has demonstrated the utility of
imaging processing and computer vision methods to
obtain digital database from lumbar spine specimens.
The

applications are efficacious and wide.

biomedical and clinical medical physics

VII.  SCIENTIFIC ETHICS STANDARDS
This contribution is based on Graphical Visualization-
Optimization methods for cadaveric specimens of

lumbar spine with software improved from previous

Methods

created by Francisco Casesnoves on December 2016.

articles.  Graphical-Optimization were
Forensic Robotics Integrated Systems engineering-
concepts were developed by Casesnoves in July 2020.
The new laboratory specimens are different from
previous publications. The image processing and
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or imaging tiles optimization was originally developed
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according to the European Union Technology and
Science Ethics. Reference, ‘European Textbook on
Commission,

Unit L3.
Governance and Ethics. European Research Area.
Science and Society. EUR 24452 EN. Also based on
The European Code of Conduct for Research Integrity.
Revised Edition. ALLEA. 2017. Revised Edition.

ALLEA. The applications section has some mandatory

Ethics in Research’. European

Directorate-General for Research.

words from previous contributions. This research was
completely done by the author, the software,
calculations, images, mathematical propositions and
statements, reference citations, and text is original for

the When a

proposition or theorem is presented, demonstration is

author. mathematical statement,
always included. The article is exclusively scientific,
without any commercial, institutional, academic,
political, or economic influence. When anything is
taken from a source or previous contribution, it is
adequately recognized. [Table 4 from [3.1] and Figure
(modified by imaging vision tools) from [3.1].
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APENDIX

SPECIMEN 1
L2 FACET
DEGENERATED
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L3 FACET
DEGENERATED

SPECIMEN 1
L4 FACET
DEGENERATED

SPECIMEN 1
L5 FACET
DEGENERATED
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L2-L3 DISK
DEGENERATED

SPECIMEN 1
L2-L3 DISK NOT
DEGENERATED

SPECIMEN 1
L4-L5 DISK
DEGENERATED
RIGHT

SIDE

SPECIMEN 1
L5-51 DISK
DEGENERATED

Figure 2 [enhanced].-Details for facets diagnosis are sharper. The spine was set with Imaging processing

methods vertically.
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Figure 4 [enhanced].-Details of traces of ALL at image can be visualized. Also irregularities at L5 facet ventral-

right zone.
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ANATOMICAL CADAVERIC LUMBAR SPECIMEN-2
COMPUTATIONAL IMAGING SET
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Figure 6 [enhanced].-This is a shorten specimen. L2 vertebral facet is clearly visualized.
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Figure 7 [enhanced].-This imaging set was vertical but bent toward posterior direction. Details for L4 and L5

facets appear sharply.
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