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Biomedical engineering is a discipline that advances
knowledge in engineering, biology and medicine, and 
improves human health through cross-disciplinary
activities that integrate the engineering sciences with
the biomedical sciences and clinical practice. It
includes: 
1. The acquisition of new knowledge and 

understanding of living systems through the
innovative and substantive application of 
experimental and analytical techniques based on
the engineering sciences. 

2. The development of new devices, algorithms, 
processes and systems that advance biology and 
medicine and improve medical practice and health
care delivery. 

Definition of Biomedical Engineering 
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nanoGold

• GnPs have been produced since ancient 
times

• GnPs in the art of staining glasses

The Lycurgus cup; in the reflected light it is green; and in 
the transmitted light it is red.
Late Roman, 4th century AD. 
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In medicine
• Since gold does not naturally corrode, it 

symbolizes immortality
• Drinkable gold: “The Elixir of life”
• It was believed to produce longevity or 

immortality

Practitioners of 
alchemy aimed to 

produce “The Elixir of 
Life”

Gold nuggets do not naturally 
corrode
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GnPs in Modern 
Nanotech

• Excellent physical and chemical properties:
– Simple synthesis
– High stability
– Controllable size
– Narrow size distribution
– Excellent biocompatibility
– Optical properties in the visible and the infrared 

region
– Controllable surface chemical properties
– …

Diagnostics

Imaging
Chemical 
detection

Therapy

Prophylaxis

Hygiene
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• Control of surface area/mass
• Material: Au

– 1 x 1 x 1 cm cube
– V = 1 cm3

– Mass = 19.3 g
– Surface area = 6 cm2

• 10x10x10 nm  nanocubes
– No. of nanocubes = 1 x 1018

– V = 1000 nm3

– Surface area per nanocube = 600 nm2

– Total surface area= 6 x 1020 nm2

= 6 000 000 cm2
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Nature builds devices from nanoscale components

Biopolymers…..

…assemble into 
complexes….

…from which 
complex machines 

are built.
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Advanced natural materials:
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Synergetic materials:
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Bone: pure synergetics
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Little engineering 
marvels: feathers
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Dental materials and 
bone-replacements



www.fata.unam.mx

Bone: 
Synergetic combination of 
Hydroxyapatite (HAp) and collagen

Ca5(PO4)3(OH)
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In the USA,
550,000,000 
dozens of eggs 
were produced 
monthly
as for 2006
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SEM of typical eggshell 
(Calcium carbonate)



www.fata.unam.mx

After hydrothermal 
treatment (HAp)



www.fata.unam.mx

Water treatment 
technologies
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Poluted water
20 ppm Cr VI

Treated water

Keratin 
biofiber
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Water with 20 ppm of Cr VI

Water after treatment with
modified keratin biofiber
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Removing  Cr VI with 
nylon – keratin 
membranes

Nylon membranes without keratin 
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Nylon membranes 
with keratin 
Micro and nano spheres
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Bioprocessing of 
nanoparticles
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Rice husk: an environmental 
challenge
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Annelids: over 12,000 
species
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Intelligent materials
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Smart membranes
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Thus, the corresponding differential equation for the x-region is:

Similar considerations can be drawn for the y-region. As a result, a 
pair of coupled non-linear ordinary differential equations describe 
the way the change in pore size with time:

The solutions to these equations are:

where � is the phase difference. The relations between the ki’s 
and the parameters a, �, � are given by:
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Chemistry

Biology

Physics

CONCLUSION:
A Modern Vision of Bioengineering
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