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Biomedicine, gathering up all science
We are living in the “BIO Age”, that is the age
of the combination of science and technology.
Everything is redefined from a global
perspective, using all available knowledge and
applying principles that were previously just
considered for a particular specialty.
Bioscience encompasses different scientific
fields such as biology, chemistry, physics,
medical technology, pharmacy, information
technologies, nutrition and environmental
science.
Scientific and technological developments have
given light to new disciplines such as genetic
engineering and promise to bring in innovative
solutions to key challenges in the fields of
medicine, food, agriculture and environment.
Medicine is redefined as Biomedicine which
entails the knowledge and research common
to medicine, veterinary, odontology and Biosciences such as biochemistry, chemistry, biology, histology, genetics, embryology, anatomy,
physiology, pathology, biomedical engineering,
zoology, botany and microbiology.
Biomedicine implements natural science
principles to clinical practice through the study
and research of patho-physiological processes,
ranging from molecular interaction to the dynamic
function of the body, using the methodology
applied in biology, biochemistry and physics.
This approach allows the development of new
drugs and the improvement of early diagnosis of

disease, facilitating the evaluation of the quality
of new treatments.
Like all areas taking part of the individual’s
activity, there is a need to measure or asses
the development of such activities. To do
so, we use tools similar to those used for
management. These management indicators
such as ratios of investment, production, sales
and benefit, among others, will help us to learn
the business we are in at a glance.

Biomedicine
opens for new
ways for new drug
developments,
improving early
diagnosis and
quality of treatment

Biomarkers: the modern healthcare alerts
In Biomedicine we use substances or parameters that work as signals of a biological state,
the Biomarkers.
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Biomarkers are
used to validate
diagnosis/
prognosis as a
therapeutic target

Biomarkers are indicators at molecular,
biochemical or cell level which are present in
particular situations. Not all found molecules are
valid as indicators, they must meet certain criteria.
Most Biomarkers studied up to date are
based on their utility from the standpoint
of diagnosis/prognosis, although we must
remember that, ideally, they should also
provide a therapeutic target. There are other
Biomarkers with no diagnostic or therapeutic
value that provide information on the genesis
of the disorder under study.
The ideal Biomarkers must enable:
Early diagnosis of disease.
Screening to test candidates for drug
therapy.
The identification of subgroups of patients
responding to treatment.
The follow-up of the therapy.

Characteristics of a Biomarker
Specific

For a particular disease.

Sensitive

Easily quantifiable.

Predictive

Relevant to disease progression and/or
treatment.

The evaluation of progression/regression of
the disease.
Nowadays, there are several types of Biomarkers:
Cardiovascular:
Mainly involved in:
Development and rupture of the atherosclerotic plaque
Ischaemic heart disease and infarction
Tumor:
For early diagnosis, efficiency of treatment
and follow-up of disease in cancers such as:
Breast
Lung
Colon
Ovary
Liver
Thyroid
Bladder
Endometrial
Cervix
Skin
Head & Neck
Prostate
Testes
Bone remodeling:

Robust

Fast, simple and with cost analysis.

Estable

Equal concentrations at any time of the
day.

Non-invasive

Easily obtained samples (blood & urine).

Preclinical & clinical

Valid for animals / cells models &

importance

humans.

Linked to:
Osteoporosis
Bone resorption
Muscle function:
Mainly linked to:
Miositis
Degenerative disease

Action points of the ideal markers

Linked to brain injury
Diagnosis / Prognosis

Linked to Glucose metabolism:
Pathogenesis cause/effect
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Therapy

Next table shows a detailed list of these
Biomarkers.
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The development of Biomarkers is closely
related to General Biopathology. This term
includes all diseases with an organic origin
affecting the human body.

Thanks to the global vision on the study of
this General Biopathology and the use of
new technologies, indicators with multiple
applications are under development to enable

Cardiovascular Biomarkers
Related to
Development and rupture
of the atherosclerotic
plaque

Marker
- Endothelial dysfunction or damage of the inner
layer of the vessel wall.
- Inflammation.
- Oxidative stress or imbalance between the
production of ROS -reactuve oxygen speciesand the ability the system to detoxify or repair
the damage.
- Proteolysis or imbalance between the
synthesis and degradation of the extracellular
matrix proteins.
- Thrombosis or destabilization and disruption of
the atherosclerotic plaque leading to thambus
formation.

Ischaemic heart disease
and infarction

- Lipids: LVL, HDL, VLDL, TG
ICAM-1, VCAM-1
- Chemokines, Interleukins, C-Reactive-Protein
- Phospholipase LP-PLA2

- Metalloproteinase

- CD40/CD40L

- Cardiac Troponina T, CPK, CK, CPK-MB,
myoglobin

Tumor Biomarkers
Organ

Marker

Thyroid

- Tyroglobulin (follicular carcinoma)
Calcitonin (medullary carcicoma)

Gastrointestinal

- CEA, Ca 125, Ca 72,4, Ca 19,9 (pancreatic carcinoma), Ca 50

Liver

- AFP

Bladder

- CEA, BRA, TPA

Ovary

- Epithelial Carcinoma: CEA, Ca 125, Ca 19,9, Ca 72,4
- Germ cell tumors: AFT, HCG

Endometrium (uterus/
womb)

- CEA, Ca 125

Cervix

- CEA, CYFRA 21,1, SCC

Skin

- SCC (epidermoid carcinoma)
- S-100 protein (melanoma)

Head & Neck

- SCC, TPA

Lung

- CEA, Ca 125 (adenocarcinoma), SCC (epidermoid carcinoma), CYFRA 21,1 (epidermoid carcinoma
and non-small cell carcinoma), NSE (small cell carcinoma), TPA

Breast

- Ca 15,3, CEA, MCA, Ca 549, TPA

Prostate

- PSA (PSAL/total PSA ratio), PAP

Testes

- AFG, HCG

60 / 2012 /

60_trebol_ing.indd 7

7

03/04/12 09:52

Specific Biomarkers
Related to

Marker

Bone remodeling

- Osteoporosis
- Bone resorption

- Total alkaline phosphatase & isoenzyme,
osteocalcin, PICP, PINP
- Tartrate-resistant phosphatase, urinary
calcium to creatinine ratio, hydroxyproline,
PYR, DPYR

Muscle function

- Miositis, degenerative disease

- Myoglobin, LDH isozyme

Brain injury

-

-

Demencia, Alzheimer
Brain damage
Inmediate head injury
Thrombosis or destabilization and disruption of
the atherosclerotic plaque leading to thrombus
formation

Ischaemic heart disease
and infarction

TAU protein, Alpha-amilase
CK-BB
SD-100 Protein
CD40/CD40L

- Cardiac Troponin T, CPK, CK, CPK-MB,
myoglobin

Glucose metabolism

- Diabetes

- Glycosylated haemoglobin HbA1c

understanding the physiopathology or genesis
of the disease and its clinical manifestation.
Within the General Biopathology, there is the
Special Biopathology, dedicated to a specific
range of action. In Insurance Medicine, in
addition to general medical considerations,
three more specific areas can be found:
Forensic or Medico-Legal Biopathology.
Occupational Biopathology.

Biomechanics and physics
Biomechanics refers to the science that studies
the mechanical impact (force, acceleration, etc)
exerted on biological material. This damage
from impact can either be a failure in the
mechanical function, a bone fracture, a muscle
rupture or a functional injury.
Biomechanics
Identifies and determines the mechanism
of injury.

Sports Science Biopathology.
Inside the Applied Special Biopathology, there
is another BIO element, Biomechanics.

Clinical signs &
symptoms

Quantifies the response of the human body,
systems, organs and tissue to a particular
action.

Therapy

Applied Special
Biopathology

Physiopathology

Biotechnology
R+D+i
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Determines and quantifies the threshold of
the injury.
Develops and designs materials and structures
to reduce and manage the impact and energy
transfer to the body.
Develops efficient Biomechanical tools to study the behaviour of the body and materials.
Below there is an example of the integrated
protocol where biomechanical exam and bio-

markers are used.
There are several Biomechanical evaluation
systems:
Surface electromyography (SEMG). It records
the electrical potential generated in muscle
membrane through electrical signs.
3D motion capture. Photogrammetry. It
allows capturing the movements of one or
multiple joints in 3D, as well as its charac-

Biomechanics
studies the
mechanical impact
on the tissues of
our body

Table 5 Integrated Medico-legal protocol for bodily injury evaluation. Source: “Biomecánica
en la Valoración Médico Legal de las Lesiones”. 2011. BAASYS. Editors: Santiago Delgado Bueno.
Domingo Montes de Oca Hernández and Néstor Pérez Mallada

1. Medical history and evaluation of data
> Accident report (delta-V or speed evaluation)
> Medical records
2. Patient Exam
2.1. Physical exam
• Complementary test
A.1. Biomechanical exam
A.2. Radiological tests
MRI LNC & WAD *
Sonogram
A.3. Lab test (general & Biomarkers)
2.2. Psychopathologic exam
• Complementary test
3. Medico-legal Remarks
3.1. Injury and sequelae
• Healing time
• Days
3.2. Previous state- preexisting condition
3.3. Medico-legal criteria for causation. La “conditio sine qua non” or “but for causation”
1. Chronology
2. Biomechanical compatibility (enough intensity and adequate mechanism to cause injury)
3. Exclusion
3.4. Simulation
3.5. Sequelae
Bareme (23,24)

European (25)

AMA (26)

RD 1971/1999 (27)

Int. Inval. Melennec (28)

30/1995 Act
Law 34/2003

Total body deficiency

Disability degree
examination

RD L 8/2004

Impairment of
Pschyco-physic
Integrity
AIPP

Permanent physiological
impairment (PPI) or
functional disability or
personal disability

Points

%

%

%

%

4. Medico-legal Conclusions

* RMI: Magnetic Resonance Imaging, NCI: Non-Contiguous Injuries, WAD: Wishplash Associated Disorders
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teristics of speed, acceleration and repetition of execution of movement taking place
in the worker.
Dynamometric Platforms. Platform placed
on the floor embedding three axis pressure
sensors.
Isokinetic, isotonic and isometric machines.
These machines use dynamometers to
register the force from a group of muscles
(speed, power, load and osteo-muscular
span).
In an isokinetic movement, speed remains
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constant. In an isotonic movement, the load
remains constant and speed changes according
to the joint work and in an isometric movement,
there is no joint movement.
Biomechanical report provides the following
information:
The moment of maximum load (peak load
during exercise).
The maximum load/force exerted to enable
the movement of an object.
The power exerted by a group of muscles.
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Biomechanics Applied to training by qualitative & quantitative analysis.
A proposal for Discus Throw. International Journal of Sports Science. 7(3) 49-80
Vol. 3, nº 7 (April 2007) Ferro, A., Floría, P. http://www.carfyd.com/REVISTA/00705.pdf
Biomechanical variable

Shoulder_feet
angle made between
shoulder axis and feet
line at the moment of
releasing disc

Equation

(EHOMBx x EPIESx) + (EHOMBy x EPIESy)

cos θ =

Graph
feet line

EHOMB x EPIES

EHOMB = shoulder axis
EPIES = feet line
( )_SHOULDER_FEET
shoulder axis

Arm_feet
angle made between
executing upper limb and
feet line at the moment of
releasing disc

cos θ =

(EBRAZOx x EPIESx) + (EBRAZOx x EPIESy)

feet line

EBRAZO x EPIES

EBRAZO = Executing upper limb line
EPIES = feet line

( )_ARM_FEET
upper limb line

Shoulder_hip
angle made between
shoulder and hip axis

cos θ =

(EHOMBx x ECADx) + (EHOMBy x ECADy)

( )_SHOULDER_HIP

EHOMB x ECAD

EHOMB = shoulder axis
ECAD = hip axis
hip line
shoulder axis

Biomechanical variable in discus throw
Before releasing

After releasing

Time variable

- Time interval

Linear spatial variable

- Distance between markers
- Disk coordinates

Angular spatial variable

- Torsion angles of the athlete
- Upper & lower limb joint pattern
- Disc angels

Temporary spatial variable

- Disc speed
- Speed of joint points

Spatial variable

- Distance covered by disc while flying
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Graphical representation of air bag loading on head and chest and dash
board on femur. Source: “Biomechanics in Medico-legal evaluation of
injuries”. 2011. BAASYS. Editors: Santiago Delgado Bueno. Domingo
Montes de Oca Hernández and Néstor Pérez Mallada

The speed at which muscle work takes
place.
Resilience and neurophysiologic control.
In short, it helps to:
Decide on whether or not pre-injury normal
tasks can be still performed.
Quantify the loss of capacity, if any.
Asses the chronicity of injuries and sequelae.

Provide the cause/effect mechanism; biomechanical compatibility or the relationship between intensity and mechanism of
production.
Identify simulation.
Evaluate sequelae.
Propose therapies to promote getting back
to daily life.
Occupational therapy/rehabilitation
perform other workplace tasks.

to

Promote work re-entry without relapse.
Know if the activity performed causes
overload.
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As to Biomechanics application to Occupational Biopathology, they:

Biomechanics Applications

Determine the worker capacity to automatically execute actions and tasks from his/
her daily work activity.

Biomechanics application to Medico-Legal
Biopathology contributes to:

Identify if the injury is caused by occupation
or other common causes.
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Provide biomechanical tests, changing in
complexity according to each individual
needs, to analyze and quantify the injuries.

Assessment of sports technique, how to
train and improve it.
Definition of efficiency criteria.

Develop preventive rehabilitation programmes.
Identify mismatching between functional
capacity and workplace requirements.

Definition of Biomechanical variables related to technical issues.
Identification of mismatching between
functional capacity and game requirements.

Identify permanent and temporary disability.
Identify simulation.

Biomechanics
can be applied
to occupation
and sports to
understand the
cause/effect
mechanism and
introduce re-entry
programmes
for daily living
activities and work

Know the activity performed and evaluate
the injuries that may occur.

Selection of Biomechanical tools is based on
what to asses: movement, force, movement
span and execution, peak power, performed
work and its speed of execution, to name a few.

What if we now introduce this BIO
perspective into genetics?

Biomechanics application to Sports Science
Biopathology results in a great number of improvements:

The idea of genetic code being similar to a
personal barcode has changed; it has shifted
from being static into dynamic.

Quantitative and qualitative analysis of
training.

New developments in genetics have found
out that genes do not work on their own
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Genes do not work
on their own but
interact with each
other creating
differences between
individuals

but create networks to interact with each
other. Genomics studies the interaction
and when it is applied to the individual’s
response to drugs it receives the name of
Pharmacogenomics.
The presence of specific genes involved in
certain diseases and treatments can be
taken as an indicator or a Biomarker. This
is what has been done for some conditions.
The identification of genes present in some
daily common diseases, such as clotting
factors deficiency; Haemophilia, the most
common type, Huntington’s disease or
polycystic kidney disease, is a fact.
The cost and trouble in research makes
it difficult to look for Biomarkers at the
genetic level, for all disorders. Nowadays,
the main causes of death, such as cancer or
cardiovascular diseases are getting all the
attention.
The most well known genes are BRCA1 and
BRCA2 linked to certain breast tumors.
Their presence has a close relationship with
survival and treatment outcome.
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Then we are heading for a more individualised
and personalised medicine where the
presence of indicators may enable to asses
possible risk, a Predictive Medicine.
Current Biomedical Research legislation only
allows predictive testing for genetic disorders to identify carriers of the gene responsible for a disease or detect a predisposition
or susceptibility to a disease for medical or
research purposes; in case of genetic counseling, if prescribed; in case of study of different
individual’s response to drugs; for geneticenvironmental interactions or research on molecular basis of disease.
We should not take this decision as restrictive
but as a preserver of diagnostic or prognostic
good sense, thus discouraging to develop an
industry of indicators that could take us to
predict something that will never happen.
The future of healthcare for diseases such as
cancer will be based on using Biomarkers to
detect the early stage of a disease, individualising
the diagnosis, tumor classification and choice of
therapy.
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Conclusions
Biomarkers use enables to identify the clinical
state of the patient, asses the evolution of
injuries, add prognostic criteria and evaluate
the effectiveness of a treatment.
Bodily injury studies and Biopathology
require the use of Biomarkers to develop
themselves and develop Biotechnology.

Medicine is
becoming more
individualised
and personalised,
looking for
indicators in order
to identify risk
situations

Biomarkers allow having a more homogeneous
bodily injury classification of patients.
Biomechanics along with Biomarkers complete
the bodily injury exam, provide medico-legal
information, save resources on work re-entry
programmes and disability evaluation, optimize
therapy, anticipate future injuries and refine
and improve sports techniques.
Medicine is heading for a personalised
and individualised approach but Predictive
Medicine should not be used as determinant
of a future event but as a predisposition.

We have currently identified a large number
of candidates Biomarkers, including proteins,
nucleic acids, metabolites and tumor cells but
yet, validation methods for efficiency and more
rigorous clinical trials need to be developed.

To think about
We must not forget that the individual is
in constant interaction with the environment. This interaction may change his
predisposition when coming in contact
with new elements.
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