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Abstract This chapter is dedicated to a general overview of some of the emerging
and well-established super-resolution techniques recently developed and known as
optical nanoscopy and localization precision method. Due to the way of probing
the sample, one can consider them as targeted and stochastic-based techniques,
respectively. Here, we stress how super-resolution is obtained without violating
any physical law, i.e., diffraction. The strong idea behind such approaches,
operating in fluorescence contrast mode, is related to the ability of controlling the
states, bright/dark or red/blue, of the fluorescent labels being used in order to
circumvent the diffraction barrier. Super-resolution is achieved by precluding
simultaneous emission of spectrally identical emission of adjacent (\diffraction
limit distance) molecules. Also, the evolution of such techniques toward appli-
cations on thick ([50 micron thickness) samples is discussed along with correl-
ative microscopy approaches involving scanning probe methods. Examples are
given within the neuroscience framework.

1 Introduction

One of the most relevant optical microscopy approaches toward cell studies, i.e.,
far-field fluorescence optical microscopy, in the last 30 years benefited of a series
of key advances from confocal to multiphoton microscopy [22], from single-
molecule detection methods to super-resolution microscopy and optical nanoscopy
[23, 24, 41]. Also, advances in labeling techniques, imaging speed, and detection
sensitivity greatly expanded the impact of fluorescence optical microscopy in life
sciences [66]. Unfortunately, spatial information about packed or adjacent
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(positioned at distances closer than the diffraction limit, i.e., approx. 200 nm)
fluorescent molecules—that one should consider as nanoscale sources of light
having a size ranging from 1 to 5 nm—is irretrievably lost when the related
signatures overlap on a microscopic image [71]. This prevents the ability of fol-
lowing in a quantitative way biological mechanisms molecule by molecule. Such a
scenario dramatically changed with the development of a number of methods that
are usually grouped as super-resolution optical microscopy approaches. In general,
the so-called super-resolution microscopies, realized using focused light, can be
separated into two main categories, namely stochastic read-out or localization
methods and targeted read-out or engineering point spread function (PSF) meth-
ods. However, improvement in spatial resolution is one of the requirements when
developing advanced optical methods and should be balanced with others such as
low phototoxicity, temporal resolution, penetration depth, and artifacts minimi-
zation [73]. As early reported [86], one of the most relevant developments in
super-resolution and/or single-molecule detection methods is the one that brings
single-molecule observation to the interior of living cells [18]. We would add that
a great jump is moving from super-resolution imaging of single cells on glass
slides to cell aggregates, organs, and tissues [12, 13, 45]. Specimens are rarely
optically transparent, and imaging depth can be hampered by wavefront distortions
mainly caused by random scattering and undesired absorption. The basic idea of
precluding spectrally identical emitting fluorescent molecules to emit in the very
same temporal acquisition window allows circumventing the inherent physical
constraint given by the utilization of focusing lenses. Single molecules mapped
into an image by an objective lens of numerical aperture NA appear as confused in
a unique emission pattern when they are closer than k_em/(2NA). Likewise,
diffraction makes impossible to focus excitation light of wavelength k_ex \k_em
more sharply than to a spot of k_ex/(2NA) in size. As a result, features that are
spectrally identical and closer than the diffraction limit, say k/(2NA), are difficult
to be separated. It turns that part of the modern research in microscopy has been
focused to improve spatial resolution and effective far-field optical methods have
been designed and implemented to this end (STED/RESOLFT, PALM/STORM
and SSIM) [73]. Some of these approaches realize a substantial spatial resolution
improvement by precluding simultaneous emission of fluorescent molecules closer
than the diffraction limit. Key differences rely on the mechanism by which the
fluorescence emission is modulated/controlled and by whether the emission takes
place [at specific space coordinates (STED/RESOLFT) or at random coordinates
molecule by molecule (PALM, STORM)]. In parallel, new classes of fluorescent
dyes and proteins able to selectively target specific molecules in biological sam-
ples and suitable for the super-resolution approaches have been developed,
becoming an election tool for imaging biological sub-structures at the whole-cell
level [30, 44]. Despite the development of brighter and spectrally optimized
fluorescent molecules, super-resolution imaging in depth is limited and its appli-
cation to thicker samples represents one of the most challenging tasks.
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2 Toward Super-Resolution Imaging of Thick (>50 Lm)
Biological Specimens

Recently, several advances, both in single-molecule localization-based techniques
and in stimulated emission depletion (STED) microscopy, brought to a wider
application range of super-resolution techniques toward imaging of thick scatter-
ing objects [4, 8, 11–13, 27, 50, 55, 59, 83]. Also, comparatively new methods for
3D imaging of large biological samples, such as two-photon excitation (2PE) and
selective plane illumination microscopy (SPIM), are now mature for super-reso-
lution completing the framework comprising confocal and computational optical
sectioning microscopy [9, 26, 47, 76, 95]. The growing interest in tissue and large
organisms imaging has led in the last few years to an increased popularity of
fluorescence techniques such as (2PE) microscopy [20] and light-sheet-based
microscopy [47]. Nonlinear microscopy is an elegant method, based on the use of
nonlinear contrast mechanism [21, 26], to perform non-invasive deep imaging and
became in the last decade the election tool for whole organism and tissue imaging.
2PE laser scanning microscopy (LSM) opened a rapidly expanding field of
imaging studies in intact tissues and living animals. Two main reasons make 2PE-
LSM the matter of choice for deep imaging: First, because for commonly used
fluorescent markers, the TPE needs near-infrared light (700–1,000 nm), which not
only penetrates deeper into scattering samples but is also less phototoxic; and the
second major advantage of 2PE, similarly shared also with all nonlinear contrast
mechanisms, is that the signal depends supralinearly on the density of the exci-
tation photons. Thereby, when focusing the laser beam into the sample, the gen-
eration of fluorescence signal is spatially confined to the perifocal region, i.e., out-
of-focus fluorescent signal, which is intrinsic of one-photon excitation and which
is usually rejected by using confocal detection, is not anymore a problem. Further,
confinement of the fluorescence is maintained even in strongly scattering sample
because the density of scattered excitation photons is too weak to generate TPE.
Within this scenario, the use of higher wavelengths and the exploitation of 2PE
represent a unbeatable opportunity to improve imaging depth capabilities and
performances of far-field super-resolution techniques [8, 12, 13, 27]. STED
microscopy has been initially used to image cortical spines in brain slices in depth,
and recently, its combination with 2PE represents an optimal opportunity for
multicolor imaging in living brain tissue. STED allowed two-color super-resolu-
tion imaging in acute brain slices [5] and the study neuronal morphology up to 30-
mm deep in living brain tissue [82]. Furthermore, the implementation of adaptive
optics has been proven to be a good opportunity to minimize the aberration effects
in STED microscopy [35]. 2PE can also be used to improve performances of
localization-based techniques through the confinement of the photoactivation
process and the higher imaging depth capability provided. On the other side, light-
sheet-based fluorescence microscopy has been recently established as one of the
most promising tools for live, three-dimensional and fast imaging in depth [47,
49]. In SPIM, a confined illumination volume is used to excite a thin layer

Super-Resolution Fluorescence Optical Microscopy 29



orthogonally oriented to the detection path, thus reducing the phototoxicity and
allowing fast 3D imaging of biological samples in depth. Light-sheet-based
microscopy has been recently proven to be a golden approach for improving
imaging capabilities of entire organisms and tissues, thus improving the imaging
depth capabilities and reducing scattering effects due to light–sample interactions
[64]. Furthermore, light-sheet-based configurations have been successfully com-
bined with 2PE [12, 13, 65, 88], showing a reduction of the scattering effects and
improved imaging performances [52]. Here, the use of particular optical
arrangements, such as light-sheet-based illumination [12, 13] and array tomogra-
phy [63], extended the imaging depth capabilities (up to 150 microms) of single-
molecule localization-based techniques in cellular cell spheroids and intact brain
tissue, respectively. Furthermore, the use of efficient dyes emitting in the near-
infrared range [2], the wide range of laser sources currently available, and the
improved sensitivity of the new generation of sensors are also contributing to the
extension of the applicability of super-resolution techniques toward tissue and
whole-animal imaging.

A different optical microscopy approach, out from the scope of this paper but
worth to be mentioned and able to reach sub-diffraction spatial resolution using
non-uniform illumination, is represented by structured illumination (SIM). This
technique is based on a widefield architecture, and periodic illumination patterns
with high spatial frequency are applied to the sample. Images corresponding to
different orientation and phases are used to reconstruct a super-resolution image
with spatial resolution doubled in the focal plane compared to conventional
microscopy [36]. Furthermore, the combination of SIM with fluorescence satura-
tion (SSIM) allowed to push the spatial resolution reachable down to 50 nm in the
2D case [37]. SIM has been used for 3D super-resolution imaging at the cellular
level in living samples [38, 72, 75]. SIM-based techniques are a challenging task in
thick samples and tissues since the patterned illumination and the wavefronts are
strongly affected/degraded in inhomogeneous samples. For this reason, SIM
imaging is often restricted to cells or thin sections. Recently, a combination of line
scanning and SIM microscopy improved the modulation and the quality of the
illumination pattern, allowing optically sectioned images of 30-lm-thick fluores-
cent sample [57]. On the other side, a recent approach based on multifocal SIM
microscopy, allowed three-dimensional (3D) super-resolution in live multicellular
organisms [99]. A strong improvement in the maximum imaging depth reachable
by SIM ([45 lm) has been obtained thanks to the rejection of out-of-focus light
by means of sparse multifocal illumination patterns. This super-resolution tech-
nique allowed microtubules imaging in live transgenic zebrafish embryos.

In the next paragraphs, we focus on PALM-like and STED-like methods.
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3 Single-Molecule Localization Techniques (Palm-Like)

Detection of single molecules was a pioneering work, carried out more than
20 years ago in condensed phases [58]. The ability to recognize and localize single
molecules from pixelated recordings was successful in several cases [6, 10, 16, 17,
31, 51, 85, 96, 97]. When one is confident enough of dealing with a single emitting
molecule, then this extra knowledge allows one to interpret the center of the PSF
as a measurement of the location of the molecule. Talking about super-resolution,
so invoking the ability of discerning to light sources when at distances closer than
the diffraction limit, could be risky without a series of ‘‘clever’’ assumptions when
forming an image. Within this scenario, in the past few years, several emerging
super-resolution techniques, based on localization of single molecules, have been
used to provide information of the cellular protein organization with a spatial
resolution far beyond the diffraction limit [7, 43, 70]. The basic idea behind these
techniques is the repeated imaging and localization with high precision of single
fluorophores within the sample. The final image can be rendered by plotting the
position of each single emitter that can be precisely determined by measuring the
center position of its image or PSF [61, 85]. As long as the number of photons

Fig. 1 Schematic representation of the localization process (a). Selective plane illumination
imaging of the entire mammary cell spheroid (b) and super-resolution imaging of connexin43
spatial distribution (c) in different planes (z color-coded map). The effective localization accuracy
estimated directly within thick biological samples in the radial (d) and axial (e) direction (68 and
141 nm, respectively). (Image modified from [12, 13])
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collected for each emitter (N) is sufficient, the fluorophore position is determined
with precision higher than the diffraction limit (as schematically shown in Fig. 1a):

r� s0
ffiffiffiffi

N
p

where r is the localization precision, s0 is the size of the PSF, and N is the number
of photons/molecule.

Localization-based techniques allow imaging of sub-cellular structures with
nanometer resolution and provide information at the molecular scale. Single-
molecule imaging can be achieved exploiting the spectral properties of photoac-
tivatable and photoswitchable proteins [56] or the transition to metastable dark
states of conventional dyes [29, 33, 40]. So far, localization-based super-resolution
methods are also robust enough for multicolor imaging of sub-cellular structures
[3, 77, 84]. Now, the observation of structures with size beyond the diffraction
limit requires an isotropic improvement in resolution, and this brought, in the last
few years, to the development of 3D super-resolution strategies that allowed
achieving single-molecule localization along the three dimensions. The imple-
mented setup based on engineered PSF such as astigmatism [46], double-plane
detection [48], interferometric approaches [78], and double helix PSF [53] clearly
demonstrated 3D super-resolution imaging at the cell level. Notwithstanding this,
imaging of the whole cells is still limited and suffers from extended excitation of
out-of-focus signal regions. A strategy to alleviate this effect is represented by
2PE: temporal focusing approaches [90] allowed super-resolution imaging of
protein distribution deep inside cells (10 lm). On the other side, the development
of new class of fluorophores suitable for two-photon-induced molecular switching
[32] allowed super-resolution with optical sectioning. More recently, 2PE and
temporal focusing have been also used to confine the activation process in order to
perform 3D super-resolution at the whole-cell level [98].

The application of localization-based methods to thick samples ([50 lm), such
as tissues and organisms, often represents a challenge since it is limited by the high
background, aberrations, and refractive index mismatch. Several approaches
contribute to solve this problem, from the sample preparation to the development
of new optical approaches and more robust localization algorithms. First, partic-
ular attention needs to be addressed to the sample preparation procedure in order to
reduce refractive index mismatch and aberrations [46]. Recently, approaches based
on single-molecule localization and array tomography, tomoSTORM [63] allowed
imaging of tissue samples with molecular resolution. Similarly, the use of near-
infrared lasers enables multicolor super-resolution imaging of complex biological
samples, such as cardiac tissue sections and neuronal hippocampal cultures [2].
Efforts have also been addressed to solve the practical problem represented by
optical aberrations that distort the single-molecule images affecting the localiza-
tion precision. To this end, optimal 3D localization methods, taking into account
for optical system aberrations in case of arbitrary 3D PSFs in the presence of noise,
have been recently presented in literature [68]. Furthermore, the out-of-focus
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excitation and the high background can be alleviated by axially confining the
excitation using an inclined illumination approach [87] or light-sheet-based
microscopy [47] instead of a widefield illumination scheme.

Individual molecule localization combined with SPIM (IML-SPIM) has been
recently applied to super-resolution imaging of thick mammary cell spheroids (up
to 200 lm) [12, 13]. IML-SPIM allowed to reduce out-of-focus background signal
and to observe the spatial distribution of connexin43 in selected regions of the
cellular spheroid. The entire spheroid can be imaged by conventional SPIM
(Fig. 1b) and 3D super-resolution images within a specific volume of interest can
be performed at different depths (as represented in the color-coded map Fig. 1c).
This approach, under two-photon photoactivation regime [74], has been further
improved in terms of robustness to scattering artifacts [11–13, 52].

When dealing with thick scattering media, aberrations and light–sample inter-
actions may decrease the SNR and thus the localization performances. Scattering
effects and system instabilities can induce additional errors, and the localization
precision can be redefined [1] by considering also the standard deviation rinst of
the overall instabilities:

reff ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

rþ rinst

p

The real localization accuracy is strongly affected by low light conditions and
background signal, and this effect is stronger when photons are collected deep
within biological samples. When molecules are localized in depth within the
sample, particular attention needs to be addressed to the real value of the effective
accuracy [12, 13]. An experimental measure of its value can be directly obtained
within the real sample by localizing point-like fluorescent objects in depth, both in
the radial (63 nm) and axial (140 nm) direction, as shown in Fig. 1d and e,
respectively. Similarly, a light-sheet-based approach has been used also for single
particle tracking [80] deep within living tissue (up to 200 lm).

On the other side, the development of new robust algorithms for localization
[81], able to localize molecule positions within high-density samples [62, 100]
featuring high background regimes [79], represents a step forward super-resolution
of more complicate and dense samples. In fact, an increasing number of new
localization algorithms, based on gaussian fitting, MLE or compressed sensing
have been developed to improve localization performances and temporal resolu-
tion and allowing single-molecule localization in highly dense samples. The
synergy between the development of suitable optical architectures, new far-red or
IR dyes and robust localization algorithms will smooth the way to super-resolution
imaging of thicker samples or tissues [19].
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4 Stimulated Emission Depletion (Sted-Like)

The first technique that made the diffraction barrier ‘‘crumbling’’ was STED
microscopy [42]. In a STED microscope, a regularly focused excitation beam
shared the focus with a second beam (usually called STED beam) able to de-excite
the fluorophores via stimulated emission. Since the STED beam usually forms a
doughnut shape, featuring a zero intensity in the center, all the fluorophores
eventually located on the excitation spot are kept dark, except those in the prox-
imity of the zero-intensity point, which, on the contrary, spontaneously emit, see
Fig. 2. By increasing the intensity of the STED beam, the probability to de-excite
the fluorescence via stimulated emission saturates at the outer part of the excitation
spot, and the volume from which the fluorophores spontaneously emit decreases to
sub-diffraction size. Scanning the two co-aligned beams across the sample and
recording the spontaneously emitted fluorescence yield the final image whose
spatial resolution can be tuned by the STED beam intensity.

Nevertheless, the spatial resolution of a STED system is theoretically ‘‘infi-
nite’’; many practical issues limit the ultimate value achievable. First, potential
phototoxicity as well as photodamage effects on the sample limits the amount of
STED light that is possible to imping. Second, many experimental imperfections in
the focal intensity distributions of both STED and excitation beams, such as
astigmatism, lateral misalignments, and zero-intensity point defects, reduce the
contrast of the inhibition process, that is, so crucial obtaining substantial resolution
improvement. The attainable resolution further reduces when imaging is per-
formed depth into the sample, since to the experimental imperfections cited above,
it is necessary adding scattering, absorption, and aberration induced by the sample
itself.

An extreme way to circumvent the problem of depth imaging is to mimic the
strategy adopted in electron microscopy: The sample is sectioned into a series of

Fig. 2 The STED concept
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thin slices, imaged on the microscope, and then dedicated software helps to merging
all the slices into a three-dimensional structure. This method can greatly improve
the performances of correlative light-electron microscopy [92]. Punge et al. [67]
combined this method with STED and demonstrated 80 nm 3D spatial resolution in
immunostained cultured rat hippocampal neurons. Under a complete different
perspective, 2PE microscopy allows combining 3D non-invasive imaging capa-
bilities with a reduced sensitivity to scattering effects, thus providing a golden
standard for tissue imaging. Driven by these advantages, several groups [27, 39, 54,
59] have shown that 2PE can be realized within the STED microscopy umbrella,
thus pushing the resolution of 2PE microscopy beyond the diffraction barrier. 2PE
microscopy is usually performed with a high-repetition (80 MHz) train of ultrashort
(*200-fs) laser pulses provided by mode-locked Ti:Sapphire lasers. The high
concentration of photons in this short time ensures the TPE process takes place. In
stark contrast, de-exciting fluorophores by stimulated emission is one-photon
process, meaning that the STED beam can be supplied also by continuous-wave
beams. In fact, the first combination of STED with two-photon microscopy was
realized with continuous-wave STED beams [27, 59]. This combination greatly
simplified the combination of 2PE and STED, because the depletion beam does not
need to be synchronized with the ultrafast 2PE laser beam pulses. However, despite
its simplicity, the classical CW-STED implementation is not able to provide the
same imaging performance of the all-pulsed STED implementation [94]. It recently
turned out that the development of gated CW-STED (gCW-STED) microscopy is
able to provide further advances toward applications on living systems by allowing
a significant reduction of the intensity needed by the depletion beam to get a certain
super-resolution. gCW-STED essentially relies on a pulse de-excitation beam and
time-gated detection [94]. An intuitive formulation to explain the principle gov-
erning the gCW-STED is that the stimulated emission (SE) shortens the average
time that a fluorophore spends in the excited state, that is, its effective excited-state
lifetime s varies inversely with the de-excitation rate of SE, which increases linearly
with the STED beam intensity ISTED (Fig. 3a). Consequently, in the doughnut-
shaped pattern, the excited-state lifetime of a fluorophore changes according to its
position. In particular, the effective excited-state lifetime t decreases away from the
zero-intensity point, reaching a minimum in the proximity of the doughnut crest
where there is the maximum STED beam intensity Im

STED (Fig. 3b). By collecting
the photons after a time delay Tg from the excitation events (time-gated detection)
that are triggered by the pulses of the excitation beam, it is possible to reject
photons emitted by short-lived, excited-state fluorophores, located in the periphery,
and highlight photons emitted by long-lived excited-state fluorophores located
close to the zero-intensity point. As a result, the effective area from which the
fluorescence signal is registered is further confined (Fig. 3b). Theoretically, this
area can be tuned to infinitely small size by infinitely delaying the detection, namely
the full width at half-maximum of the effective fluorescent area scales as
dc=
p

1þ d2
c a2Im

STED=Isat 1þ Tg= tfl ln 2ð Þ
� �� �

, with dc the effective area of the con-
focal associated confocal microscope, Isat the intensity of the STED beam for which
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the probability of spontaneous emission equals the probability of stimulated
emission, tfl the excited-state lifetime of the unperturbed fluorophore, and a a
constant that depends on the doughnut shape of the STED beam. However, the loss
of signal, which is intrinsic to the gated detection, fixes an upper limit on the time
delay [91].

Two further approaches have been implemented to improve the 2PE-STED
performances in depth. A first method has been recently realized by two groups [5,
54, 82], which have simultaneously elaborated an all-pulsed 2PE-STED imple-
mentation based on the synchronization of two femtosecond mode-locked Ti:Sa-
phire lasers, see Fig. 4.

Another effective method performs 2PE-STED imaging using a single wave-
length (SW) for 2PE and depletion [39]. The related SW 2PE-STED setup sim-
plifies the image formation scheme, provides the super-resolution advantage of a
pulsed STED, and allows maintaining a comparatively low cost, see Fig. 5.

It is worth noting that even if the stimulated emission process is a one-photon
process, scattering of stimulating photons will not represent a source of back-
ground since, in most of the case, their wavelength is far away from the absorption

Fig. 3 Principles of gCW-STED microscopy. a Time evolution of the fluorescence signal in the
absence (ISTED = 0) and presence (ISTED = 5 9 Isat) of the STED beam with experimental time
sequence (upper panel). b Schematic drawing of the gCW-STED setup with pulsed excitation
(blue) and CW-STED (red) laser beams. Fluorescence light (green) is detected by the objective
lens and imaged onto an avalanche photon detector (APD) or photomultiplier (PMT). A time-
gating card discards the early photons (with respect to the excitation events). (b, upper-left panel)
Calculated lateral intensity distribution for the excitation beam (blue), the effective region in
which the dyes allow fluorescing (green) with the relative excite-state lifetime (black). (b, lower-
left panel) The two-dimensional contour plot of the relative excite-state lifetime super-imposed
with the two-dimensional effective fluorescence area. (b, upper-right panel) Calculated lateral
intensity distribution for the gCW-STED effective point spread function for increasing time delay
Tg of the gated detection. (b, lower-right panel) The two-dimensional effective point spread
function. Scale bars 100 nm
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Fig. 4 Time-lapse and dual-color 2P-STED imaging. a Time-lapse images of a cortical spine
acquired at 38.5 lm below the tissue surface. b Two-color 2PE-STED imaging of neurons and
microglia (from [5])

Fig. 5 Immunofluorescence 2PE-STED single-wavelength microscopy shown in comparison
with confocal and 2PE microscopy (a–c). a Confocal (excitation at 633 nm), b 2PE (excitation at
770 nm), and c 2PE-STED (excitation and depletion at 770 nm) micrographs of microtubules
immunostained with the dye ATTO647N. On the right of each image, we plotted the line profile
(black squares) along the arrows indicated in the images, together with a multiple peak fit (red).
(Scale bars: 1 lm). Modified from (Bianchini, Harke et al. 2012)
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spectral window of the dye and in the worst scenario, fluorescence signal induced
by the STED beam can be subtracted by lock-in technique [69, 93]. On the
contrary, the major problem appears when due to scattering and due to aberration
the stimulating photons destroy the quality of the zero-intensity point. In this
scenario, stimulated depletion occurs also in the region from which one wants to
collect fluorescence and the spatial resolution fast degrade [34]. Two elegant
methods have been combined with STED microscopy for compensating the
aberrations induced on the STED intensity distribution when imaging is performed
deep into sample. Notably, both methods have been demonstrated in the one-
photon excitation regime; however, combination with TPE could in principle be
reliable. A possibility of improvement is given by the development of new aber-
ration-reducing objective lenses for fluorescence microscopy. By adjusting the
correction collar of the objective lenses and carefully choosing the refractive index
of the objective embedding medium, Urban and colleagues [89] resolved distinct
distribution of actin inside dendrites and spines with a resolution of 60–80 nm in
living organotypic brain slices at depths up to 120 lm. Also, adaptive optics can
be utilized to compensate for aberration in STED microscopy, which uses adaptive
optics. Gould et al. [35] showed that using spatial light modulators both in the
excitation and STED beam can substantially compensate sample-induced aberra-
tion in a three-dimensional STED implementation. It is worth noting that the SW-
2PE-STED approach can improve the above-mentioned situations depending on
the availability of suitable fluorescent molecules [39].

5 Perspective Note

Despite the fact that so-called super-resolution methods can be still considered in
their infacy, so many technical variations have been implemented that is quite
impossible to mention all of them. It is self-evident how targeted and stochastic
methods tend to merge their own ‘‘technicalities.’’ We think that two emerging
classes of new approaches could be very promising, namely smart investigation of
the sample toward 3D super-resolution in thick scattering specimens [25, 28] and
coupling with scanning probe methods extending the domain of correlative
microscopy to atomic force microscopy [14, 15, 28, 39, 60]. Also, further advances
in optical super-resolution methods are the ones related to the exploitation of
parameters such as phase, polarization, and absorption, also moving the investi-
gation regime from visible radiation to the infrared one.
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