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1. Introduction

Extracellular vesicles (EV) are sub-micrometer entities 
enclosed by a phospholipid bilayer and released from cells 
into their environment (figure 1) [1]. EV are nearly gener-
ated by every cell-type and are abundantly present in most 
biological fluids [2]. The EV composition is reflective of the 
parent cells, and consists of lipids, DNA, RNA and proteins, 
and EV expose specific receptors [3, 4]. Although considered 

as inert cellular debris initially, EV are now recognized as 
important mediators in intercellular communication and par-
ticipate to many important biological processes [5, 6]. It has 
been shown that the concentration, composition and cellular 
origin of EV in body fluids differ between healthy subjects 
and patients suffering from diseases like myocardial infarc-
tion or cancer [7–9]. Therefore, there is a growing scientific 
and medical interest in cell-derived EV as valuable and non-
invasive biomarkers.
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Abstract
Extracellular vesicles (EV) are small biological entities released from cells into body fluids. 
EV are recognized as mediators in intercellular communication and influence important 
physiological processes. It has been shown that the concentration and composition of EV in 
body fluids may differ from healthy subjects to patients suffering from particular disease. So, 
EV have gained a strong scientific and clinical interest as potential biomarkers for diagnosis 
and prognosis of disease. Due to their small size, accurate detection and characterization 
of EV remain challenging. The aim of the presented work is to propose a characterization 
method of erythrocyte-derived EV using atomic force microscopy (AFM). The vesicles are 
immobilized on anti-CD235a-modified mica and analyzed by AFM under buffer liquid and dry 
conditions. EV detected under both conditions show very similar sizes namely ~30 nm high 
and ~90 nm wide. The size of these vesicles remains stable over drying time as long as 7 d at 
room temperature. Since the detected vesicles are not spherical, EV are characterized by their 
height and diameter, and not only by the height as is usually done for spherical nanoparticles. 
In order to obtain an accurate measurement of EV diameters, the geometry of the AFM tip 
was evaluated to account for the lateral broadening artifact inherent to AFM measurements. 
To do so, spherical polystyrene (PS) nanobeads and EV were concomitantly deposited on 
the same mica substrate and simultaneously measured by AFM under dry conditions. By 
applying this procedure, direct calibration of the AFM tip could be performed together with 
EV characterization under identical experimental conditions minimizing external sources of 
uncertainty on the shape and size of the tip, thus allowing standardization of EV measurement.
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Making a medical decision requires reliable information 
obtained from routine analyses of body fluids composition. 
Human plasma that contains EV from platelets and erythro-
cytes is one of the most studied body fluids [10]. The com-
parison of measurement results between laboratories is of key 
importance in EV research. Nonetheless, the detection, clas-
sification, and quantitative analysis of EV remain challenging 
since these vesicles are highly heterogeneous in composition 
and size with diameters smaller than 100 nm and display low 
refractive index values [11]. Among the techniques available 
to study EV, flow cytometry is currently the most widely used 
in laboratories. However, the detection limit of this optical 
method is approximately 300 nm and allows to detect as dis-
crete particles only a small fraction (1–2%) of the vesicles 
present in biological fluid samples [12, 13]. Moreover, the 
standardization of the technique remains difficult as the rela-
tionship between EV size and the measured light scattering is 
difficult to calibrate.

Atomic force microscopy (AFM) has been proposed as a 
more accurate technique to characterize EV [14, 15]. AFM 
is a versatile scanning probe technique widely used to image 
and study nano-objects and nanomaterials with a resolution 
down to the nanoscale. The ability of imaging soft samples 
without damaging in different environmental media (air and 
liquid) makes AFM a powerful tool for the study of biological 
samples including EV under physiological conditions (i.e. in 
buffer solution) [16, 17]. Moreover, from a metrological point 
of view, AFM is a measuring technique providing dimen-
sional measurements that might be directly traceable to the SI 
[18, 19]. AFM allows measuring the out of plane dimension 
of nano-objects with sub-nanometer accuracy. The in-plane 
lateral resolution, however, is affected by the tip convolution 
effect, which occurs especially when features of similar or 
smaller radii than the AFM tip probe are measured. An AFM 
image results from the convolution of the shape of the probe 
and the shape of the sample, thus making protruding features 
to appear wider than in reality. Therefore, the characteriza-
tion of the tip geometry and size is required to correct for this 
image artifact in order to obtain more accurate in-plane meas-
urements. The dimensional characteristics of the tip can be 
extracted from external analyses of the probe (e.g. by elec-
tron microscopy), or by reconstruction from extra imaging of 

well-defined nanostructures with the same probe [20]. The 
main drawback of these methods is that those characteris-
tics are assessed from external analyses, thus under different 
experimental conditions like for instance temperature, state 
of the AFM tip, force between probe and sample or varying 
scan speed. An approach consisting in the codeposition of 
the sample to analyze with particles of well-known dimen-
sion enable however an in situ calibration of the measurement 
[21–23].

Several studies have characterized EV from different 
human body fluids by AFM, including blood [14, 15, 24–26], 
saliva [27] and synovial fluid [28, 29]. These investigations 
were mainly devoted to the isolation, detection, qualitative 
analysis of the morphology and size of different types of cell-
derived EV, to the membrane composition, and mechanical 
properties. The present work is dedicated to the morphological 
and dimensional characterization of EV using AFM, and is 
particularly focused on the accurate size determination neces-
sary for the standardization of EV measurement. Erythrocyte-
derived EV from human body fluids were immobilized on a 
selective antibody-modified mica substrate and characterized 
by tapping-mode AFM. The morphology and size of the EV 
were compared under liquid and dry conditions. Afterwards, 
an in situ calibration of the tip was performed through the 
codeposition of spherical reference polystyrene (PS) nano-
beads and EV by capture on a poly-L-lysine-modified mica 
substrate. For spherical nanobeads, the height measured by 
AFM is equal to the real diameter of the particles. Therefore, 
comparing the measured diameter to the height of these spher-
ical PS nanobeads allows to evaluate the magnitude of the tip 
broadening and to determine the tip size characteristics. Based 
on this information, the measured diameter of the EV is cor-
rected for the tip convolution artifact through a simple geo-
metrical model.

2. Materials and methods

2.1. EV sample preparation and immobilization  
on antibody-modified mica surface

Samples containing erythrocyte-derived extracellular vesi-
cles were prepared as previously described [30]. To capture 
EV, the surface of mica substrate was modified following a 
proto col based on the selective recognition between EV and a 
complementary immobilized antibody.

The surface of the mica disks was modified as follows. 
The surface of the mica disks was functionalized with amine 
groups using a solution containing 55% (w/v) ethanolamine 
(Sigma Aldrich, Munich, Germany) in dimethylsulfoxide 
(DMSO) (99.7% purity, Sigma Aldrich). Molecular sieve 
beads (0.3 nm, Sigma Aldrich) were added to absorb the water 
formed later during the amine reaction on the mica surface. 
This solution was heated at 70 °C until the ethanolamine was 
completely dissolved. Next, freshly cleaved mica sheets (Ted 
Pella, Redding, CA), with a diameter of 10 mm, were incu-
bated overnight in the ethanolamine solution. Subsequently, 
the amine-functionalized mica sheets were rinsed twice in 
DMSO (70 °C) and twice in absolute ethanol (Sigma Aldrich) 

Figure 1. Schematic diagram of the structure of EV. Parent cell 
releases EV into the extracellular environment through different 
pathways. EV are intercellular communicators that may harbor 
various bioactive materials such as RNA, DNA or proteins. The EV 
membrane is a lipid bilayer containing receptors.

Meas. Sci. Technol. 28 (2017) 034006
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at room temperature. These mica sheets were dried under a N2 
flow. Prior to antibody coupling, the modified mica were incu-
bated for 3 h with 1 mg ml−1 ethylene glycol-bis(2-aminoethyl 
ether)-N, N, N′, N′-tetraacetic acid (EGTA, Sigma Aldrich) 
in chloroform (Fisher Scientific) containing 0.5% (v/v) tri-
ethylamine (Fisher Scientific) to activate the amine functions. 
The mica sheets were then washed in chloroform, dried under 
N2, and glued on a steel disk. Fifity µl of mouse anti-human 
CD235a antibody clone JC159 (Dako, Heverlee, Belgium) 
(0.01 mg ml−1) was applied to the modified mica and incu-
bated for 30 min at room temperature. The anti-CD235a was 
covalently attached to the mica while the excess of antibody 
was removed by washing with phosphate buffer saline solution 
PBS (Fisher Scientific, pH 7.4). Before the deposition of the 
EV, the topography of the modified-mica was evaluated (data 
not shown) to ensure that the samples with a fully covering 
antibodies layer were retain for the analysis. The mica surface 
was entirely covered by antibodies, leaving a clean substrate 
that exhibits a root mean square roughness of 1.1 nm over a 
10  ×  10 µm² sample area. A fraction of erythrocyte-derived 
EV stored at  −80 °C was then thawed on melting ice. An EV 
fraction (20 µl) was applied to the anti-CD235a-coated mica 
surface and incubated for 30 min at room temperature to allow 
the binding of the EV to the anti-CD235a. The mica was even-
tually washed twice with PBS buffer to remove unbound EV.

2.2. Sample preparation for AFM-tip convolution evaluation

A freshly cleaved mica disk was treated with 20 µl of poly-
L-lysine (Ted Pella, Redding, CA) during 15 min at room 
temper ature. The modified mica was then washed with ultra-
pure water and dried under a N2 flow. An aqueous colloidal 
suspension of polystyrene nanobeads presenting a unimodal 
size distribution (AFM measurement, mode~94 nm) extending 
from ~104 to ~6 nm with a negative skew was purchased from 
Kisker Biotech GmbH & Co. and diluted to a concentration of 
10−2 mg ml−1. A 20 µl fraction of the nanobeads suspension 
was applied to the modified mica during 15 min allowing the 
poly-L-lysine to electrostatically capture the nanoparticles. 
The substrate was then washed with water and dried under 
N2. Afterwards, a 20 µl erythrocyte-derived EV fraction was 
applied to the mica during 1 h, gently rinsed with ultrapure 
water and let dry for at least 1 h at room temperature.

2.3. AFM analysis

AFM measurements were performed using a Dimension 3100 
AFM equipped with a Nanoscope V controller (Veeco) oper-
ating in tapping-mode. Standard silicon nitride cantilevers 
(OMCL-240TS, Olympus, Japan), with resonant frequencies 
ranging between 66 and 89 kHz, and spring constants ranging 
between 1.4 and 3.5 Nm−1, were used. Imaging was per-
formed at a rate of 0.5 Hz and under soft-tapping conditions, 
i.e. keeping the ratio between the set-point amplitude and 
the free amplitude (between 30 and 50 nm) of the cantilever 
above 70%. All measurements were performed in temper ature 
(23 °C  ±  1 °C) and humidity (45%  ±  5%) controlled labora-
tories. For experiments under dry conditions, samples were 

gently rinsed with ultrapure water and let dry at room temper-
ature. For measurements in liquid, a Veeco glass fluid cell was 
mounted on the AFM piezoelectric scanner and an 80 µl PBS 
droplet was used as imaging medium. The AFM instrument 
was calibrated in the three directions using a NIST trace-
able VLSI step height standard (pitch size 3.00  ±  0.02 µm  
and step height of 15.7  ±  2.9 nm) in order to ensure the 
traceability of the measurements to the SI. 10  ×  10 µm² and 
20  ×  20 µm² AFM images were recorded at 1024  ×  1024 
and 4096  ×  4096 pixels, respectively. All the images were 
analyzed using SPIP software (Image Metrology A/S, www.
imagemet.com). A second order flattening was applied to 
AFM images and the particle analysis function (Particle and 
Pore analysis) of SPIP software was used to detect and mea-
sure the size of the particles.

3. Results and discussion

3.1. Morphological and dimensional characterization of EV

Erythrocyte-derived EV are usually identified by the binding 
of antibodies to a protein uniquely expressed on erythrocyte 
membrane, namely glycophorine A (CD235a) [31]. Therefore, 
the immobilization protocol presented here involves the cap-
ture of erythrocyte-derived EV using anti-CD235a antibody 
chemically attached to a mica substrate. The AFM images 
of the representative topography of erythrocyte-derived EV 
immobilized on anti-CD235a-modified mica are presented in 
figure 2. AFM imaging was performed under near physiolog-
ical liquid conditions (figure 2(a)) and after drying the sample 
at room temperature during 1 h (figure 2(b)). All experiments 
were performed at a scan speed of 0.5 Hz under soft tapping-
mode conditions. The imaging force was controlled and mini-
mized keeping the ratio between the amplitude set-point and 
the free oscillation amplitude (30–50 nm) of the cantilever 
as high as possible. It has been found that keeping this ratio 
above 70% ensures a good tracking of the EV without dam-
aging. The immobilization protocol allows to successfully 
detect EV on both images appearing as discrete circular light 
grey particles of various sizes. The enlarged 3D views of two 
particles pointed out on the respective 2D images show that 
the EV exhibit the same protruding rounded shape morph-
ology in both media. Very small particles and extra material 
remaining from sample preparation like membrane debris are 
also observed on the background surrounding the vesicles.

To characterize the dimension of the vesicles, two 
 param eters are defined and measured: (1) the height, i.e. 
the out of plane dimension and (2) the watershed diameter  
(in-plane), i.e. the diameter of a disk having the same surface 
as the area enclosed by the contour of the particle detected by 
the watershed method in the SPIP software used to analyze the 
AFM images. This detection method is a classical image seg-
mentation approach that allows to detect the closed contour of 
the particles from the background [32].

Histograms of the measured heights and watershed 
 diameters of the EV are presented in figures 3(a) and (b), respec-
tively. Data were collected from the analysis of several tens 
of AFM images. Only discrete vesicles showing well-defined 
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boundaries without agglomerate were considered for the sta-
tistics. The statistic data are presented as mean  ±  standard 
deviation (mode). Based on the analysis of 352 detected par-
ticles, EV measured in liquid medium present a mean height 
of 34.0  ±  18.8 nm (27.1 nm) and a mean watershed diameter 
of 97.7  ±  44.0 nm (82.5 nm). Based on 316 detected particles, 
EV measured under dry conditions present a mean height of 
31.7  ±  18.7 nm (23.9 nm) and a mean watershed diameter of 
91.6  ±  32.6 nm (90.3 nm). In both cases height distributions 
extend from ~5 nm to ~180 nm while watershed diameter 

distributions extend from ~10 nm to ~250 nm. At this point, it 
is important to note that measurements performed under liquid 
and dry media show similar morphologies and sizes. The vesi-
cles exhibit an in-plane diameter that is 3 times greater than 
the height. The size-range of the EV is consistent with values 
previously reported in AFM studies of other cellular origin 
derived EV [14, 15, 26–29].

To evaluate the extend of this trend, the stability of EV 
morph ology over time was assessed. Figure  4 presents the 
evolution of the height and watershed diameter of EV with 

Figure 2. 3  ×  3 µm² tapping-mode AFM images of the topography of erythrocyte-derived EV immobilized on antibody-modified mica. 
Imaging was performed in PBS solution (a) and under dry conditions (b) at room temperature. EV appear as circular light grey particles on 
both images. Enlarged 3D views of the EV indicated by white arrows are presented below respective images. The z scale of the 3D views 
have been magnified to improve visualization.

Figure 3. Size distributions of the height (a) and the watershed diameter (b) of EV measured under liquid and dry conditions. The data 
were obtained from the analysis of around twenty 10  ×  10 µm² AFM images.

Meas. Sci. Technol. 28 (2017) 034006
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respect to the drying time. The sample was dried under 
ambient conditions for a period of time extending from 1 h to 
168 h. Each point of the graph was calculated from the anal-
ysis of 5 different AFM images (~100 discrete particles) of 
fresh areas of the same sample with the same AFM probe. No 
significative variation of the height and the watershed diam-
eter of the EV is observed. This indicates that the morphology 
and size of the erythrocyte-derived EV are surprisingly stable 
over drying time as long as 7 d. Hardij et al have compared the 
morphology and size of breast cancer cell-derived EV under 
physiological and dry conditions by AFM [15]. They observed 
that EV measurements in air were 6–10 times smaller than 
in liquid. That observation was ascribed to the shrinkage of 
the EV due to the evaporation of the liquid inside the vesicle 
during the drying procedure. The behavior of the vesicles pre-
sented here contrasts with these previous observations which 
may be due to EV derived from different cell origin. Further 
investigation should employ the same procedure using EV 
from different cell origin of healthy subjects to assess the 
composition of the EV after drying procedure.

3.2. Evaluation of the tip convolution artifact

The in-plane dimension of the EV is shown to be approxi-
mately 3-fold larger than the out of plane dimension. The 
shape of the vesicles will then be approximated by an oblate 
spheroid (ellipsoid) geometry described by the in-plane 
diameter (a  =  b) and the height (c) parameters. This shape 
morphology is obviously partly attributed to the lateral broad-
ening artifact arising from the tip convolution effect inherent 
to AFM measurements. However, other effects such as the 
interaction of the vesicle with the antibody-modified mica 
surface and the deformation arising from the imaging force 
exerted by the tip also play a role. The magnitude of this tip 
hindrance effect is described by geometrical considerations 
and has relatively the greatest broadening on features of 
similar or smaller radii than the AFM tip, which is the case 

for the studied EV samples. The broadening artifact has to be 
determined to precisely measure the diameter of the vesicles. 
This is done by measuring synthetic reference nanoparticles. 
Considering spherical nanoparticles, the height measured by 
AFM corresponds to the real diameter of the particles [33]. 
The diameter obtained by the watershed detection method 
greatly depends on the parameters chosen for the detection 
and the corresponding contours have no fixed level relative to 
the background. Therefore the tip broadening artifact could 
not be unambiguously determined. On the contrary, the mid-
height diameter, defined as the diameter of a disk having the 
same surface as the area enclosed by the contour of the particle 
at half height, is determined and used for the tip calibration.

To model the broadening effect of the particle, the shape 
of the tip is approximated by a right circular cone with a par-
tial sphere at the bottom [34]. In this model, the tip is also 
assumed to interact perpendicularly to the sample surface with 
no tilt. The tip shape is characterized by the half opening angle 
of the cone α and the radius of the sphere (figure 5). The tip 
shape parameters can be calculated by comparing the height 
(z) of the spherical nanoparticles and the measured mid-height 
diameter (dm). Indeed, it can be derived analytically that, if the 
height is large enough, there is a linear relationship between 
the mid-height diameter and the height (equation (1)), where 
the slope and the intercept are denoted as a and b, respectively 
(equation (2)). These expressions can be solved to α and r 
(equations (3) and (4)). Estimation of a and b, by performing 
a linear regression on the measured mid-height diameters and 
heights, then allows to determine the free parameters α and r 
in this tip shape surface model.

d z r
1

cos
2

1 sin

cos
m     ( )

α
α
α

= +
−

 (1)

a b r:
1

cos
and : 2

1 sin

cos
    ( )
α

α
α

= =
−

 (2)

acos 1 1( )α = − − (3)

r
b cos

2 1 sin
 

( )
α
α

=
−

 (4)

3.3. EV characterization after tip shape deconvolution

For the purpose of characterizing the tip shape, spherical poly-
styrene nanobeads were used. The nanoparticles present a uni-
modal height distribution (mode ~94 nm) extending from ~6 to 
~104 nm with a negative skew. The height of these nanobeads 
extends over the same range as the EV, making them good 
candidates for correcting the tip broadening effect. Instead of 
reconstructing the tip convolution from an extra imaging, the 
PS nanobeads are concomitantly deposited with EV on poly- 
L-lysine-modified mica and analyzed by AFM under dry condi-
tions. This procedure ensures to keep experimental conditions 
identical during the calibration of the tip. It should be noted 
that in liquid the EV and PS nanobeads do not stick tightly 
enough to the poly-L-lysine layer to be measured by AFM. 
Figure 6 presents the correlation between the height and the 

Figure 4. Evolution of the size (mean values) of the EV with the 
drying time of the sample at room temperature. Error bars represent 
the standard deviation calculated from 70 to 100 detected particles.

Meas. Sci. Technol. 28 (2017) 034006
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mid-height diameter of PS nanobeads and EV obtained from 
a unique 20  ×  20 µm² image (1163 detected particles). Data 
were analyzed using a statistical robust trimmed model based 
on data clustering [35]. In this clustering method, a bivariate 
normal distribution is assumed for each group of data in order 
to identify which data belongs to the same group or cluster. 
According to this method, three data groups can be extracted 
and are highlighted in figure 6. Two main distinct clusters of 
particles are clearly distinguishable. The first group (dark grey 
circles), showing high aspect ratios (height/mid-height diam-
eter) and a linear relationship between the mid-height diam-
eter and the height, clearly corresponds to the well-defined PS 
nanoparticles. The second group (light grey diamonds) con-
sists of more dispersed data with a lower aspect ratio. That is 
consistent with the spheroidal shape morphology of the EV. 
The difference in morphologies allows clearly distinguishing 
the two sets of particles. For smaller size particles (black stars, 

height  <  15 nm), data cannot be discriminated on the basis of 
their aspect ratio anymore as approaching the lateral resolu-
tion of the instrument, which is mainly limited by the pixel 
size and the dimension of the tip apex. The dispersion of the 
second group of data is inherent to the biological nature of 
the vesicles but also includes all the deformation contrib utions 
arising from the measurement like the EV-substrate interac-
tion and the imaging force exerted by the probe. The effect 
of the imaging force could be studied by looking at the evo-
lution of the EV morphology and size while varying the force 
applied by the AFM tip to the sample, as previously presented 
in several studies on biomaterials [27, 36].

A total least squares regression via principal components 
analysis on the PS nanoparticles data cluster provides a regres-
sion line of d z1.034 12.108 nmm = + . These slope and 
intercept values determine a cone half angle α  =  14.7° and 
a sphere radius r  =  7.8 nm. These values are consistent with 
the specifications reported by the manufacturer based on elec-
tronic microscopy characterization. The half angle and radius 

Figure 5. Schematic representation of the tip convolution effect on a spherical nanoparticle and an ellipsoidal EV. The AFM tip is modeled 
by a right circular cone with a half opening angle α and a sphere of radius r at the apex. Diameters of the particles are determined at  
mid-height.

Figure 6. Correlation diagram between the mid-height diameter 
and the height of PS nanobeads and EV codeposited on poly-L-
lysine modified mica. The data are extracted from a unique 20  ×   
20 µm² AFM image (1163 detected particles). Data represented on 
the graph by (+) are rejected from the analysis.

Figure 7. Correction of the mid-height diameter of the particles 
(775 particles).

Meas. Sci. Technol. 28 (2017) 034006
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parameter values fix the tip shape and enable to determine the 
broadening effect for each EV by using a mathematical deri-
vation relying on a rotation symmetric oblate spheroid shape 
assumption for the EV. The correction for the tip broadening 
is then applied to the mid-height diameter of the EV. Figure 7 
presents the diameter distributions of the EV before and after 
the correction for the tip convolution effect. An average cor-
rection of 12.1 nm is observed going from a mean mid-height 
diameter of 76.2  ±  19.9 nm for the EV to a mean value of 
64.1  ±  19.0 nm after correction. This corrected diameter is 
associated with a mean height of 38.8  ±  14.5 nm. The mean 
calculated diameter of a sphere having the same volume as the 
ellipsoid is 54.0  ±  17.2 nm and reflects the free state of the 
EV in solution. The size values reported here are far below 
the detection limit of conventional measuring instruments used 
in clinical laboratories such as flow cytometry. Moreover, the 
detection limit of these instruments strongly depends on the 
size range of the EV, each instrument presenting a different 
minimum detectable size for the same sample [37]. Therefore, 
the knowledge of the real size of the EV is particularly relevant 
to clinical research. That makes AFM a potential measure-
ment instrument for the characterization of EV. The protocol 
presented in this work contributes to the standardization of 
EV measurements and might be applied to other dimensional 
characterizations of various biomaterials and non-spherical 
nanoparticles using AFM. The determination of an uncertainty 
budget accounting for the different sources of uncertainty 
involved in the measurement of biological samples by AFM 
would ensure the traceability of the measurement and as such 
further contribute to the development of the standardization 
of EV measurements. Besides the general sources of uncer-
tainty involved in AFM measurements like height calibration 
procedure, non-linearity of the measuring sensor, thermal drift, 
noise level, scan speed or roughness of the background, the 
contributions of the geometrical models chosen for the tip and 
the EV, and the imaging force deformation of the EV should be 
investigated [18, 38, 39].

4. Conclusions

In this work, erythrocyte-derived EV immobilized on antibody-
modified mica substrate have been characterized by tapping-
mode AFM. This protocol allows successful detection and can 
be used to study the morphology and size of the particles under 
near physiological (in liquid) and dry conditions. EV appear 
homogenous in morphology presenting a spheroidal shape of 
similar size in both media. Surprisingly, EV size and shape 
are stable over drying time as long as 7 d. In order to improve 
the accuracy of the EV diameter measurements, a method 
to correct for the tip convolution effect is presented. EV are 
codeposited with reference nanoparticles on poly-L-lysine-
modified mica and measured by AFM under dry conditions. 
The advantage of this method is to provide a measurement 
correction from a unique AFM analysis, under similar exper-
imental conditions. The detected particles are discriminated 
on the basis of their aspect ratio. The size and shape of the 
AFM tip are then derived from the reference nanoparticles data 
considering a simple geometrical model to describe the probe. 

The calculated geometric parameters of the tip are consistent 
with manufacturer’s parameters and used to correct back the 
diameter of the EV. The tip convolution effect is seen to have a 
magnification effect of about 19% on the lateral measurement.

The proposed method can be used to measure other bio-
materials and non-spherical nanoparticles. Future work on the 
determination of an uncertainty budget regarding the measure-
ment of biological samples by AFM would further contribute 
to the standardization of EV measurements.
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