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ABSTRACT 
 
The science of measurement at the nanoscale is called Nanometrology. Its application underpins all of 
nanoscience and nanotechnologies. The ability to measure and characterize materials i.e. determine 
their size, shape and physical properties at the nanoscale is vital if nanomaterials and devices are to be 
produced to a high degree of accuracy and reliability. Nanometrology includes size measurements 
where dimensions are typically given in nanometers and the measurement uncertainty is often less than 
1nm as well as measurement of force, mass, electrical and other properties. If techniques for making 
these measurements are advance, then by the understanding of nanoscale behavior, materials, industrial 
processes and reliability of production can be improved. Nanotechnologies, however defined, cannot 
progress independently without progress of Nanometrology. The instruments for making such 
measurements are many and varied. In this paper, review has been taken about development and recent 
progress in instruments used in biological and medical sciences for nanometrology. To trap viruses, 
bacteria, living cells, repairing bones, implant of soft tissues, artificial tooth development and cavity 
repair are important biomedical application areas of nanotechnology where the greater control on 
nanoscale is required. Electron Beam Techniques, Scanning Probe Techniques, Optical Tweezers are 
used for this purpose in nanonmedical science. This   review paper will guide for researchers to select 
the proper technique for their experimental and investigational works.  

 
Keywords: Nanometrology, Nanoscale, Electron Beam Techniques, Scanning Probe Techniques, 
Optical Tweezers. 
 
1. INTRODUCTION 
 
Nanotechnology cannot progress 
independently without progress in 
nanometrology.  The science of 
measurement at the nanoscale is called 
nanometrology. The properties of materials 
can be different at the nanoscale for the 
main reason that nanomaterials have a 
relatively larger surface area when 
compared to the same mass of material 
produced in a larger form. This can makes 
the materials to react more effectively with 
other molecules like antigen and in some 
cases materials that are inert in their larger 
form are reactive when produced in their 
nanoscale form and affect their strength or  

 
 
 
electrical properties[3]. Its application 
underpins all of nanoscience and 
nanotechnologies. The ability to measure 
size, shape, physical properties and to 
characterize materials at the nanoscale is 
vital, if nanomaterials and devices are to be 
produced to a high degree of reliable 
accuracy. Nanometrology includes 
measurements of dimensions, forces, mass, 
electrical and other properties typically 
given in nanoscales. The instruments for 
making such measurements are many and 
varied as per the different application areas 
of nanotechnology.  
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Importance of the nano-dimension 
 
The dimensions play a key role in 
determining the properties of 
nanomaterials. New phenomena are being 
observed and exploited in research and 
applications [12] 
1)  Atomic diffusion through interfaces 

becomes an efficient mechanism of 
transport of matter at relatively low 
temperatures comparing to 
conventional matter. This effect can be 
used for example to considerably 
increase the sensitivity of a gas sensor, 
the kinetics of hydrogen diffusion in a 
hydrogen storage device, or lower the 
operation temperature of Solid Oxide 
Fuel Cells. 

2)  If the crystal size is smaller than the 
electron mean free path, the electronic 
conductivity and the temperature 
coefficient is found to decrease because 
of grain boundary scattering. 

3)  Phonon spectra are modified due to the 
effect of surfaces and the small size of 
particles – so called phonon 
confinement effects.  

4)  Band gap changes in nanosized 
semiconductor particles leads to a blue 
shift of luminescence. 

5) Size induced control of luminescence 
relaxation in oxide nanoparticles leads 
to changes in the optical properties and 
therefore interesting optoelectronic 
device applications. 

6)  Reduction of the size of quantum dots 
to the point where only a few electrons 
are present in each one is the basic 
technology for spintronics. 

7)  Surface effects in magnetic materials 
control the magnetic properties of thin 
layers, leading to more efficient data 
storage devices and more sensitive 
magnetic sensors. Examples are Giant 
Magnetic Resistance, GMR.[12]. 

 
In this paper, review has been taken about 
development and recent progress in 

instruments utilized for nanometrology in 
biological and medical sciences such as 
Electron Beam Techniques (EBM), Optical 
Tweezers (single and double beam gradient 
trap) and Scanning Probe Techniques 
(SPT). In biological fields, these tools are 
used for measuring of characteristics of 
viruses, bacteria, living cells, small metal 
particles and strands of DNA. Applications 
also include confinement and organization 
for cell sorting, cell manipulations, tracking 
of movement of bacteria, sperms, red cells 
etc., application and measurement of small 
forces. Similarly repairing bones, implant 
of soft tissues, artificial tooth development, 
and cavity repair are important medical 
applications of nanotechnology where the 
greater control on nanoscale is required. 
 
2. TRANSMISSION ELECTRON BEAM 

TECHNIQUE 
 

Transmission Electron Microscopy (TEM) 
is used to investigate the internal structure 
of micro and nanostructures. It works by 
passing electrons through the sample and 
using magnetic lenses to focus the image of 
the structure, much like light is transmitted 
through materials in conventional light 
microscopes. Because of the wavelength of 
the electrons is much shorter than that of 
light, much higher spatial resolution is 
attainable for TEM images. TEM can 
reveal the finest details of internal 
structure, in some cases individual atoms 
[1].  
The samples used for TEM must be very 
thin usually less than 100nm, so that many 
electrons can be transmitted across the 
specimen. However, some materials, such 
as nanoshells,nanotubes, nanocrystalline 
powders or small clusters which are used 
for treatment of cancer and detecting the 
component responsible for heart attack in 
heart blood vessels , can be directly 
analyzed by deposition on a TEM grid with 
a carbon support film. TEM and high-
resolution transmission electron 



NANOMETROLOGY IN BIOLOGICAL AND MEDICAL SCIENCES 

M.A.Jamakhani, et al.  215 

 

microscopy (HRTEM) are among the most 
important tools used to image the internal 
structure of a sample.  
 

Fig. 1 Schematic sketch of Transmission 
Electron Microscope (TEM) 
 
Zhong Lin Wang carried out measurement 
of bending modulus of a nanobelt object  
using TEM[2]. The  nanobelts  have  a  
distinct  structural  morphology, 
characterized  by  a  rectangular  cross-
section  and  a  uniform structure. They 
could be directly used as nanocantilevers, 
nanoshells and nanoresonators in 
nanoelectromechanical systems (NEMS). 
Nanoscale  cantilevers  are  built  using  
semiconductor  lithographic  techniques.[1] 
  These can  be  coated  with molecules  
(like  antibodies) capable  of  binding  to  
specific  molecules  that  only  cancer  cells  
secrete.  When  the  target  molecule binds 
to the antibody on the cantilever,  a 
physical property of the cantilever changes 
and the  change  can  be  detected.[30]  A 
key phenomenon for applying nanobelts in 
NEMS technology is    their    
electromechanical resonance behavior and 
their bending modulus for cantilever 
applications. 

 

 
 
 

 
 
 
 

 

 
 
 
 Fig. 2a A TEM image of a ZnO nanobelt .       
 

 
Fig. 2b Geometrical shape of a nanobelt  
 
Figure 2a   shows  a  typical  TEM  image  
of  the  ZnO  nanobelt were taken, 
displaying  high  structural  uniformity.  
Figure 2b   represents the geometry of a 
nanobelt with length L, width W, and 
thickness T. Here the nanobelts were glued 
at one end onto a copper wire; while the 
other end near the counter electrode was 
free. It is a simple one-end clamped 
cantilever with a rectangular cross section.  
 
 
 

 
 

 
 

Fig. 3 Electromechanical dual-mode resonance 
of a ZnO nanobelt: a) closely perpendicular to 
the viewing direction (υx = 1.25 MHz), b) 
nearly parallel to the viewing direction (υx= 
1.38 MHz) . 

 
By changing the frequency of the applied 
voltage, they found two fundamental 
frequencies in two orthogonal transverse 
vibration directions. Figure 3.a shows a 
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harmonic resonance with its vibration plane 
nearly parallel to the viewing direction. 
Figure 3.b shows the harmonic resonance 
with the vibration plane closely 
perpendicular to the viewing direction. The 
bending modulus of ZnO nanobelt is 
function of resonance frequencies and the 
dimensional sizes of nanobelts. Based on 
the experimentally measured data, the 
bending modulus of the ZnO nanobelts was 
calculated and it was approximately 52 
GPa (kN/mm2). 
 
E. T. den Braber et al. have carried out 
comparative study of Scanning Electron 
(SEM), Transmission Electron Microscopy 
(TEM) and Confocal Laser Sacnning 
Microscopy(CLSM) on  rat dermal 
fibroblast (RDFs) [3]. During this study, 
micro technology and plasma etching were 
used to produce gratings 1.0 (TiD01), 2.0 
(TiD02), 5.0 (TiD05), and 10.0 µm wide 
(TiD10) into commercially pure titanium 
wafers. After incubation of on these 
surfaces for 3 days, the cells were observed 
with all three techniques. Transmission 
electron microscopy image of RDF is as 
shown in Fig 4a -b.  
 
 
 
 

 
 

 
 

 

Orlando J. Castejón examined the 
cerebellar Golgi cells by using TEM to 
explore Golgi cell’s participation in the 
granular and molecular layers of the 
cerebellar cortex [4]. Ultrathin sections of 
glutaraldehydeosmium fixed mouse 
cerebellar cortex were observed in order to 
investigate the participation of the Golgi 
cell in the formation of mossy glomerular 
islands. Golgi cells located in the 
immediate vicinity of mossy glomerulus 
were studied. The micrograph of cerebellar 
Golgi cell is shown in Fig.5. 

 
 
 
 
 
 

 
 
Fig. 5 Transmission electron micrograph of 
mouse cerebellar cortex. The Golgi cell soma 
(GS) appears located in the vicinity of a mossy 
glomerulus (MG) and a granule cell (GC). 

 
3. OPTICAL TWEEZERS TECHNIQUE 

 
Optical Tweezers use radiation pressure of 
light to manipulate microscopic objects as 
small as a single atom. In optical tweezers, 
a laser beam is focused by a high-quality 
microscope objective to a spot in the 
specimen plane. This spot creates an 
‘optical trap’ which is able to hold a small 
particle at its center.  
Imagine a high index of refraction sphere is 
placed off-axis in a mildly focused 
Gaussian laser beam as shown in Fig. 6. 
Beam has many wavelengths within 
diameter of sphere. Consider a typical pair 
of rays ‘a’ and ‘b’ striking the sphere 
symmetrically about its center ‘O’. 
Neglecting relatively minor surface 
reflections, most of the rays refract through 
the particle, giving rise to forces Fa and Fb 

Fig. 4a Transmission electron micrograph of an 
RDF on a TiD01 surface (bar = 1.0 mm; 3 days 
incubation) [3] 

Fig. 4b TEM image of RDFs on a TiD10 
surface (bar =2.0 mm; 3 days incubation) 
[3] 
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in the direction of the momentum change. 
Because the intensity of ray ‘a’ is higher 
than that of ray ‘b’, the force Fa is greater 
than Fb. Adding all such symmetrical pairs 
of rays striking the sphere, one sees that the 
net force can be resolved into two 
components, F scat, called the scattering 
force component acting in the direction of 
the incident light, and Fgrad, a gradient 
component arising from the gradient in 
light intensity and acting transversely 
toward the high intensity region of the 
beam. For a particle on axis or in a plane 
wave, Fa = Fb and then there is no net 
gradient force component. A more detailed 
calculation of the sum of the forces of all 
the rays striking the sphere gave a net force 
on particle [5].  
 
 
 
 
 
 
 
 
Fig 6 (a) F scat and F grad for high index 
sphere displaced from beam axis in optical 
tweezers (b) Geometry of 2-beam trap. 
 

 

The understanding of the magnitude and 
properties of these two basic force 
components made it possible to devise the 
first stable three-dimensional optical trap 
for single neutral particles. The trap 
consists of two opposing moderately 
diverging Gaussian beams focused at points 
A and B as shown in Fig. 6b. The 
predominant effect in any axial 
displacement of a particle from the 
equilibrium point E is a net-opposing 
scattering force. Any radial displacement is 
opposed by the gradient force of both 
beams. The viscous damping of the liquid 
serves to dissipate all of the kinetic energy 
of particle which is gained from the 
trapping potential. Thus particles come to 
rest at the trap center. If one blocks one 

beam, the particle is driven forward and 
guided by the second beam. If one restores 
the first beam, the particle is pushed back 
to the equilibrium point E. [5] 
 

Optical Tweezers have been used to trap 
dielectric spheres, viruses, bacteria, living 
cells, organelles, small metal particles and 
even strands of DNA. Applications also 
include confinement and organization for 
cell sorting, tracking of movement of 
bacteria, and measurement of small forces. 

 

Optical trapping of dielectric particles by a 
single-beam gradient force trap was first 
demonstrated by A. Ashkin et al. in AT&T 
Bell Laboratories (1986) [6].  
 
 
 
 
 
 
 
 
 
Fig 7 Photograph of a 10-, µm spherical Mie 
particle trapped in water by the highly 
convergent light of a single-beam gradient force 
trap [6] 
In the late 1987s, Arthur Ashkin and 
Joseph M. Dziedzic demonstrated the first 
optical trapping and manipulation of 
tobacco mosaic virus and Escherichia coli 
bacterium in aqueous solution [7]. Kuo-
Kang Liu et al. (2007) have successfully 
manipulated bead-attached stem cells at 
various speeds in physiological medium. 
Quantitative analyses of the 
nanomechanical forces on the cells during 
cell manipulation/delivery were performed 
by using this method [8] 
 
 
 
 
 
Fig. 8: Optical tweezers drag the micro particle 
attached stem cell in a micro fluidic channel at 



NANOMETROLOGY IN BIOLOGICAL AND MEDICAL SCIENCES 

M.A.Jamakhani, et al.  218 

 

different positions from ‘a’ to‘d’ [8] 
 

Using a tunable titanium-sapphire laser, 
Ivan A. Vorobjev et al. compared different 
wavelengths (from 700 to 840 nm) for their 
utility in optical trapping of chromosomes 
in mitotic rat kangaroo Potorous tridactylus 
(PtK2) cells. It was found that irradiation 
with a near-infrared light induces the 
sticking together of chromosome shoulders. 
They concluded that the optimal 
wavelengths for optical trapping of 
chromosomes are 700 and 800-820 nm [9]. 
 
 
 
 
 
 
Fig. 9: Temporary Chromosome Bridge after 
0.6 s. irradiation (760 nm). Arrow points to the 
irradiated chromosome region. (Immediately 
after irradiation)-20.33:40 (h:min:s) [9] 
Since then, laser-based optical traps have 
also been used to study sperm motility 
(Tadir et al., 1989, 1990) [10]. Jaclyn M. 
Nascimento et al. (2007) measured the 
swimming speeds and the relative 
swimming forces of individual sperm in 
real time by using laser ‘tweezers’ in 
combination with custom designed 
computer tracking algorithms. This 
combination of physical and engineering 
tools was used to examine the evolutionary 
effect of sperm competition in primates 
[11]. D. Howard et al.  (2008) arranged 
mouse embryonic stem cells into specific 
patterns by using holographically 
generated optical traps which may allow 
the determination of localized cues in cell 
interaction and development [13]. 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig 10.Laser moved artificial arrangements of 
live mouse embryonic stem cells (No 4 
demonstrates live cells via florescent live/dead 
stain) [13] 
 
4. SCANNING PROBE TECHNIQUES 

 

Scanning Probe Microscopes (SPMs) are 
standard techniques which allow imaging, 
modifications and manipulations with the 
nano-objects. Electrochemical STM (EC 
STM), Magnetic Force Microscope 
(MFM), Friction Force Microscopy (FFM) 
and Scanning Near-field Optical 
Microscopes (SNOM) are various 
constructions based on the general SPM 
idea. These are the most common among 
various types of Scanning Tunneling 
Microscopy (STMs) and Atomic Force 
Microscopes (AFMs). They permit imaging 
of the surface topography and correlation 
with different physical properties within a 
very broad range of magnifications – from 
millimeter to nanometer-scale range. 
 
4.1 Scanning Tunneling Microscopy 

 

The scanning tunneling microscope (STM) 
provides a picture of the atomic 
arrangement of a surface by sensing 
corrugations in the electron density of the 
surface that arise from the positions of 
surface atoms[17]. A finely sharpened 
tungsten wire or tip is first positioned 
within 2 nanometers of the specimen by a 
piezoelectric transducer, a ceramic 
positioning device that expands or contracts 
in response to a change in applied voltage. 
At this small separation, as explained by 
the principles of quantum mechanics, 
electrons ‘tunnel’ through the vacuum gap 
between the tip and the sample. If a small 
voltage is applied between the tip and the 
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sample then net current of electrons known 
as ‘tunnelling current’ flows through the 
vacuum gap in the direction of the bias. 
Very small changes in the tip-sample 
separation gap (in the order of 0.1 nm) 
induce large changes in the tunneling 
current. The tip-sample separation distance 
is controlled very precisely. This is why tip 
quality is a very important parameter.  
With the help of the tunnelling current the 
feedback electronics keeps the distance 
between tip and sample constant. If the 
tunnelling current exceeds its preset value, 
the distance between tip and sample is 
increased, if it falls below this value, the 
feedback decreases the distance. The tip is 
scanned line by line above the sample 
surface and we can derive a two-
dimensional topography of the sample. 
Scanning tunneling microscope is carried 
out into an ultra-high-vacuum environment 
so that the surfaces remain free of 
contamination.  
 
 

 
 
 
 
 

 
 

 

 
Fig 11 Scanning Tunneling Microscopy (STM) 
 

R. Wiesendanger et al. developed Spin 
Polarized Scanning Tunnelling Microscopy 
(SPSTM) concept to replace a non-
magnetic tip of STM by a magnetic tip 
[15]. By using a magnetic probe tip the 
STM can be made sensitive to the spin of 
the tunnelling electrons. SPSTM uses the 

fact that if the tunnelling electrons are spin-
polarized, then the tunnelling current 
strongly depends on the sample spin-state. 
 
STM imaging in biology has proven 
difficult, most likely due to the low 
conductivity of biological material and the 
lack of reliable methods of sample 
preparation and deposition. David Keller et 
al. had taken efforts for STM imaging of 
metal-coated large biological structures 
such as viruses and STM imaging of 
uncoated single biological macromolecules 
[16]. 
 
 
 
 
 
 
 
Fig 12 STM imaging of molecules of calf 
thymus DNA [16] 
 
They prepared Molecules of calf thymus 
DNA by sonication. Then seven molecules 
appear aligned in an interlocked fashion, 
with the ridge of one molecule fitting the 
groove of the adjacent one. The period (p) 
was about 30 A, and the separation (d) was 
33 A. The concentration of the DNA was 
10 mg/ml in a medium containing 10mM 
KCl. The tunnelling current was 0.1 nA, 
and the bias voltage between the sample 
and the tip was 0.93 V. Errez Shapir et al. 
attempted to resolve the energy-level 
structure of single DNA molecules by 
Scanning Tunnelling Spectroscopy (STS) 
[19]. Room-temperature STM image of 
poly (G)–poly(C) DNA molecules on 
which STS measurements were carried out 
by Errez is shown in Fig 12 b. 
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Fig 13 a, Schematic diagram of the double-
barrier tunnel junction configuration. b. STM 
image of poly (G)–poly(C) DNA molecules on 
which STS measurements were carried out c. A 
typical (dI/dV )–V curve measured on bare 
gold (corresponding I–V curve in the inset), 
showing the gapless characteristic of the 
substrate. [19] 

Lewerenz H J et al. reported images on a 
nanometer scale of reverse transcriptases 
(RT) of the human immunodeficiency virus 
(HIV-1) and of the Moloney murine 
leukemia Virus (MuLV) obtained by using 
STM [17]. Zhouhang Wang et al. had 
calibrated single-tube scanning tunneling 
microscope for three-dimensional nano 
object by using atomic steps of crystalline 
gold and was used for measuring the 
thickness of two biological samples, metal-
coated as well as uncoated [20] as shown in 
Fig 3. 

Fig.14 STM images of purple membrane 
prepared by the spreading technique on Pt/C-
coated mica. a. Unprocessed STM image of a 
Pt/C-coated sample. Tunnelling parameters: U 

tip =- 1.0 V; It = 20 pA. b. STM image of an 
uncoated sample, image slightly processed by 
subtraction of ramps. Tunneling parameters: U 
tip = -12 V; It = 0.2 pA; relative humidity = 
60%. [20] 
4.2 Atomic Force Microscopy 

 

Atomic Force Microscopy (AFM) was 
developed in 1986, following the invention 
of STM [23]. STM utilizes tunnelling 
current between a conductive tip and a 
sample to determine surface properties of 
conductive or semi-conductive materials. 
Unlike STM, AFM utilizes the Van der 
Waals interaction between tip and sample 
to determine the surface properties. 
Therefore, AFM can be used to study 
insulators and semiconductors as well as 
conductors. AFM can also provide 
additional information about the sample 
other than surface topography. Modifying 
the AFM tip chemically allows 
measurement of various properties of the 
sample surface such as chemical [25], 
magnetic [26], electrical [27], ferroelectric 
[28] and mechanical properties thus making 
it a versatile surface probing technique. 

 

AFM can image any flat or nearly flat 
surface topography in three modes: contact, 
semi-contact and non-contact mode. In 
contact or semi-contact mode, the repulsive 
force between the tip and sample surface is 
kept constant by feedback system. The 
force causes the cantilever to bend or 
deflect and surface topography of the 
sample is obtained by monitoring the 
deflection of the cantilever with optical 
method as shown in Fig. 14. In non-contact 
mode, the cantilever is vibrated near the 
surface of the sample with a separation of 
tens to hundreds of angstrom. The 
attractive force is used for measuring 
surface topography. Topography is imaged 
by monitoring the amplitude of the 
cantilever oscillation at a fixed frequency 
and feeding the corresponding value to the 
feedback loop [22]. 
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Fig 15 C. Force vs. distance curves 

 
 
 

 
 
 
 
 
 
 
 
 
 
Fig 15 Schematic illustration for the 
measurement of sample topography with AFM 
[22] 
 
AFM has been used to measure weak 
biomolecular interactions. Since AFM 
utilizes Van der Waals forces between a tip 
and a sample to determine surface 
properties. It has high sensitivity in 
measuring weak force as low as 
piconewton, therefore it is possible to study 
very weak interactions. Especially specific 
interactions between biomolecules under 
physiological conditions such as molecular 
recognition between antibody and antigen, 
receptor and ligand and complimentary 
strands of DNA are very important for life 
science, but too weak to be detected with 
conventional force test techniques. 

 

The general method for measuring the 
biomolecular interaction is to immobilize 
one type of the two interacting molecules to 
a soft tip with a known spring constant or 
spring constant that can be measured and 
the other one to the substrate. If the tip 
approaches the substrate surface and stay 
for a certain time, then the two types of 
molecules would interact with each other, 
as illustrated in Fig. 15(a). 
 
  
 
 
 

 
 
 
Fig 15 a. Determination of the interaction 
between biomolecules (a) Attached at the 
surface [22] 
 

Then, retract the tip from the surface, as 
shown in Fig. 15(b). The deflection of the 
cantilever versus distance is recorded on 
approach and retraction and is directly 
converted into force versus distance based 
on the spring constant using Hooke’s law. 
The interaction between the two types of 
biomolecules results in a deflection of the 
cantilever toward the substrate during 
retraction, exerting greater force than that 
during approach in the curve of force 
versus distance, as shown in Fig. 15(c). 

 

 

 
 
Fig 15 b Retract from the surface 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(b) 
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Several types of interaction between 
biomolecules were quantitatively measured 
with AFM. The adhesive force between 
individual ligand and receptor pairs, 
streptavidin and biotin pairs, single 
complementary strands of DNA, antigen 
and antibody of proteins and two cell 
adhesion molecules were measured at 
nanonewton scale. 
 

Yuri F. Drygin et al. applied AFM to study 
uncoated virus particles and RNA prepared 
by stripping of tobacco mosaic virions 
(TMV) with mild alkali or urea and 
dimethylsulfoxide [29]. Yurii G. Kuznetsov 
et al. extracted Single-stranded genomic 
RNAs from four icosahedral viruses Polio 
virus, Turnip Yellow Mosaic Virus 
(TYMV), Brome Mosaic Virus (BMV), 
and Satellite Tobacco Mosaic Virus 
(STMV) using phenol/chloroform. The 
RNAs were imaged using atomic force 
microscopy under dynamic conditions [28]. 

 

Fig 16. In (a), and at higher magnification in 
(b), is genomic RNA extracted from poliovirus 
using phenol/chloroform, which was thawed 
after freezing and immediately imaged by AFM 
after spreading on treated mica. Imaging was 
carried out at 26 0C in air [24]. 

 
5.  CONCLUSION 

 
This paper reviews the most development 
and progress in Electron Beam Techniques, 
Optical Tweezers and Scanning Probe 
Techniques for nanometrology in 
biological and medical sciences. Based on 
existing experiments, the review focuses 
different approaches that have been 
demonstrated for measuring nano objects at 
nanoscale. The review covered the 

following areas: measurement of physical 
property bulk modulus of nanomaterials, 
topography of viruses and bacteria, 
manipulation of cells, quantitative analysis 
of nanomechnical forces, study of speed 
and force of individual sperm, measuring 
thickness of biological specimens and 
biomolecular interactions. These methods 
are useful tools and provide future 
directions for analysis and investigations in 
these areas. The   reviewers   believe   that 
paper will guide for researchers to select 
the proper technique for their experimental 
works.  
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