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Abstract. Structurally anisotropic materials are ubiquitous in several application fields, yet their accurate
optical characterization remains challenging due to the lack of general models linking their scattering
coefficients to the macroscopic transport observables and the need to combine multiple measurements to
retrieve their direction-dependent values. Here, we present an improved method for the experimental
determination of light-transport tensor coefficients from the diffusive rates measured along all three
directions, based on transient transmittance measurements and a generalized Monte Carlo model. We apply
our method to the characterization of light-transport properties in two common anisotropic materials—
polytetrafluoroethylene tape and paper—highlighting the magnitude of systematic deviations that are
typically incurred when neglecting anisotropy.
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1 Introduction
Turbid media are encountered in several applied and fundamen-
tal research fields, where determining the light-transport proper-
ties of these materials is important to study their microscopic
structure and composition.1 Among several experimental tech-
niques, time-domain methods are particularly useful, as they
allow one to isolate contributions dominating at different time
scales, ranging from early ballistic light to the late multiple
scattering regime.2,3 Despite the importance of an accurate
determination of these properties, however, the experimental
retrieval of scattering parameters is typically performed under
the assumption that light transport is isotropic—even when the
material under study is visibly anisotropic.4–8 Ignoring the pres-
ence of anisotropic light transport clearly introduces an error in

the determination of the microscopic scattering properties, the
magnitude of which is currently not well characterized.

This bias can have important consequences for the charac-
terization of tissues, fibrous materials, and strongly scattering
media—which often exhibit an anisotropic structure or mor-
phology. In the large majority of cases, the scattering strength
of these materials has been characterized using a single (scalar)
transport mean free path, which however can be quite far from
the value of the actual components of their scattering tensor, and
even from their direction-averaged value. In addition, the exper-
imental methods that are used to infer a single mean free path
value for an anisotropic medium are inevitably more sensitive to
the scattering strength along a certain direction. Thus, whenever
an anisotropic medium is characterized via a single scalar mean
free path, the resulting value may be more or less indicative of
the scattering properties in the plane6,9–13 or those along the
perpendicular direction,4,5,7,14,15 rather than being representative
of the whole medium.
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For isotropic materials, a simple relation exists linking the
transport mean free path l� to the (experimentally observable)
diffusive constant D ¼ vl�∕3, with v as the energy velocity in
the medium. At the microscopic level, this isotropic transport
mean free path is in turn related to the scattering mean free
path ls (defined as the inverse of the scattering coefficient
ls ¼ 1∕μs) via a “similarity relation” l� ¼ ls∕ð1 − gÞ involv-
ing the cosine of the average polar scattering angle g. Therefore,
for an isotropic medium, the relation between the macroscopic
observable diffusion rate and the microscopic scattering prop-
erty can be written as

D ¼ 1

3
vl� ¼ 1

3

v
μ0s

¼ 1

3

v
μsð1 − gÞ ; (1)

with μ0s ¼ μsð1 − gÞ defined as the reduced scattering coefficient.
In anisotropic materials, however, all parameters of interest

can in principle become 3 × 3 tensor quantities, includingD, μs,
g, and v. Assuming for simplicity that all tensors can be diagon-
alized in a common reference frame, one can still define the
diagonal components of the scattering tensor as μs;i ¼ 1∕ls;i
and diffusive rate tensor as Di ¼ vil�

i ∕3, with i ∈ fx; y; zg.
In this case, however, the relation between the components
of these tensors is not expected to follow the form of Eq. (1)
anymore, exhibiting instead a more complex (and in general,
unknown) dependence on the other coefficients. Analytical
solutions have been derived recently in simplified anisotropic
scenarios, showing how all tensor components contribute to
determining the diffusion coefficient along a given direction.16

In this work, we consider the more general case of fully aniso-
tropic materials (μs;x ≠ μs;y ≠ μs;z) with asymmetric scattering
(g ≠ 0) and a refractive index mismatch at the boundary, for
which an analytical relationship may not exist altogether.

To elucidate this gap, multiple competing descriptions of
anisotropic transport have been proposed in the past years,17–21

which, however, do not provide a general link between micro-
scopic scattering parameters and the corresponding diffusion
observables. For this reason, a trade-off must be introduced that
allows one to properly account for transport anisotropy while
keeping the number of tensor quantities involved in the inverse
problem to a minimum to allow their practical determination.

To improve on the current situation and avoid the use of over-
simplified isotropic assumptions, we introduce a microscopic
effective transport tensor and present a method to determine
its components for scattering media with full anisotropy in
all three spatial directions. To this purpose, we assume a tensor
scattering coefficient μs while keeping the asymmetry factor g,
absorption coefficient μa, and refractive index n as scalar quan-
tities. This choice is motivated by multiple reasons. First, im-
posing the anisotropy only in the scattering coefficient avoids
cross-talk effects between different tensors, which might result
in the impossibility of uniquely determining the optical properties
of an anisotropic sample. Second, a strategy for including a di-
rection-dependent asymmetry factor is not established yet in the
literature, with different proposals leading to different results.9,17,22

Finally, using a scalar value of g allows one to define effective
transport mean free path values l̃�

i in analogy with the standard
similarity relation, as needed for materials characterized by a
limited optical thickness or a strong forward scattering,

l̃�
i ¼

1

μ̃0s;i
¼ 1

μs;ið1 − gÞ : (2)

Defining an effective transport mean free path is of practical
utility when dealing with turbid samples, as it allows one to ac-
count for the transient effects due to scattering asymmetry while
leaving the overall diffusion tensor D almost unaffected for
small variations of g. This approach captures the key features
of anisotropic transport, such as the expected discrepancy be-
tween the observed diffusive rates (expressed in units of length
as transport mean free paths l�

i ) and their effective microscopic
counterparts l̃�

i , which becomes more significant with increas-
ing structural anisotropy. More fundamentally, it allows one to
restore a link between a random walk description of transport
and the resulting diffusive rates by assigning different identities
to these two parameters.

We apply this approach to experimental measurements ob-
tained using an optical gating technique16,23–25 and analyze the
results using a newly developed and open-source Monte
Carlo (MC) package named PyXOpto,26 which is capable of
handling tensor scattering coefficients.

The paper is organized as follows: in Sec. 2, we start by
commenting on the typical degree of apparent degeneracy that
can be expected between isotropic and anisotropic transport by
showing a few representative examples of time-domain trans-
mittance through a slab geometry. Resorting to an isotropic
model or theory in this configuration can lead to significant
systematic errors even when time-resolved measurements
are limited to the retrieval of scattering properties along the
depth direction. Experimental and numerical methods are
described in Sec. 3. Results are presented in Sec. 4 relative
to the determination of the transport properties of two common
laboratory materials, providing a quantitative illustration of the
typical errors incurred when disregarding anisotropic light
transport. Finally, conclusions and perspectives are drawn
in Sec. 5.

2 Decay Rate Degeneracy
In many experimental configurations of interest, a slab sample is
illuminated from the perpendicular direction to its interface, and
the decay rate of the intensity transmitted or reflected from the
sample interface is studied. This decay rate is determined by
various properties of the sample: the refractive index contrast
with the environment, the thickness of the slab, the absorption
coefficient, and the diffusion coefficient along the perpendicular
axis. At the microscopic level, however, the diffusion coefficient
depends on the scattering properties along all directions,16,19

meaning that it is not possible to reliably infer the scattering
coefficient along the perpendicular direction from a time-
domain measurement alone, even when all other properties are
known.

To illustrate this issue, we consider a set of MC simulations
showing that several different anisotropic configurations can
give rise to transmittance decay rates that are degenerate with
the isotropic case, despite using different scattering coefficients
along the illumination direction z. Taking a nonabsorbing 1 mm-
thick slab with isotropic scattering μs;iso ¼ 10 mm−1 and refrac-
tive index contrast of n ¼ 1 or n ¼ 1.2, one can find alternative
configurations with predefined degrees of anisotropy (encom-
passing both cases of partial or full 3D anisotropy) that give rise
to the same transmittance decay rate (Fig. 1).

Despite the different scattering coefficients, the resulting
curves are nearly identical except for a constant scaling factor
and the initial transient. Experimentally, these differences are not
decisive enough to tell isotropic samples apart from anisotropic
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samples, since time-resolved curves are typically measured with
arbitrary units, and the details of the early transient are often
concealed by the finite duration of the illumination pulse.
For the representative configurations shown here, deviations
between the isotropic scattering coefficient μs;iso and the longi-
tudinal one μs;z range from a few percent in the index-matched
cases, up to 37% in the presence of full 3D anisotropy and
moderate refractive index contrast. Notably, in general these
deviations can both over- or under-estimate the true μs;z,
depending on the values of the scattering coefficients along
the other directions, the refractive index contrast, and the
optical thickness of the slab. It should be further noted that if
the absorption coefficient is also unknown and left as a free
parameter, almost perfect degeneracy among all curves can
be typically obtained at all times, since in this case the extra
multiplicative degree of freedom e−μavt can be used to independ-
ently tune the decay rate, casting an even larger deviation on
the scattering properties of anisotropic media retrieved using
isotropic models.

These examples show that, for any practical purposes, time-
resolved curves alone have limited informative value for the
study of structurally anisotropic media and need to be comple-
mented by additional independent measurements. This is
particularly problematic when anisotropy is disregarded and
transmittance measurements are fitted with an isotropic model.

3 Materials and Methods

3.1 Experimental Setup

We approach the study of anisotropic materials using an exper-
imental setup based on the transient imaging optical gating
method, which is capable of providing both spatial and time-

domain information on the evolution of intensity profiles.23,24

A Ti:Sa laser source generates a train of pulses at a wavelength
of 820 nm with an 80 MHz repetition rate and a typical duration
of about 150 fs. Each pulse goes through an optical parametric
oscillator resulting in two synchronous outputs with different
wavelengths: a residual of the original pulse at 820 nm and a
converted pulse at 1525 nm [Fig. 2(a)]. In the experiment, a mo-
torized stage is used to adjust the relative delay between the two
laser beams, which can either serve as the probe or the gate arms
of the setup. The probe beam is focused on the sample down to a
focal spot of 30 μm to generate a diffused transmittance signal,
which is then recombined with the gate beam in a collinear
fashion onto a β-barium borate (BBO) crystal. A sum-frequency
signal is finally generated at a wavelength of 533 nm, propor-
tional to the cross-correlation amplitude between the diffuse
transmittance and the gate pulse at a given delay. The gate beam
is expanded to achieve a uniform intensity distribution over the
whole nonlinear crystal surface to obtain an accurate conversion
of the signal spatial distribution. Unconverted residues of the
two infrared beams are filtered out by a series of short-pass
and bandpass filters.

The resulting upconverted time-resolved signal can be then
either integrated by a photomultiplied detector or resolved
spatially with a CCD camera recording the transient intensity
profiles transmitted through the scattering medium. Due to the
spatially uniform upconversion efficiency guaranteed by the ex-
panded and collinear gate beam, the generated images provide
quantitative information on the transverse propagation light at
the exit surface of the sample, from which the diffusive rates
along different directions can be estimated directly. All mea-
surements are averaged over multiple sample positions in an
area of ∼4 mm2 to reduce fluctuations due to small local inho-
mogeneities and speckle patterns.
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Fig. 1 Time-resolved transmittance T ðtÞ through a nonabsorbing 1 mm-thick scattering slab for
two refractive index contrast values n ¼ 1; 1.2. Solid curves represent isotropic simulations with
μs;iso ¼ 10 mm−1. For each case, a predefined ratio between scattering coefficients along different
axes is imposed, as specified in the title above each column. Anisotropic configurations exhibiting
the same decay rate as the isotropic case are shown, leading to values of μs;z ≠ μs;iso. All sim-
ulations are performed setting g ¼ 0.
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3.2 Data Analysis and MC Simulations

Intensity profiles are recorded at different time delays, as exem-
plified in Fig. 2(b). The profiles are rotated for convenience to
align the intrinsic sample anisotropy axes to the laboratory refer-
ence frame and then fitted with bivariate Gaussian distributions
to retrieve the instantaneous mean square displacement (MSD)
along the y (vertical) and x (horizontal) axes. The spread rate of
the intensity profiles provides direct access to the x and y dif-
fusion rates, independent of any absorption contribution.2,16

Thus, performing a linear regression on the MSD evolution after
the initial transient allows one to retrieve the diffusive constants
Dx, Dy, which are proportional to the corresponding slopes.
Information on the diffusive rate along z (and the absorption
coefficient μa) is finally extracted by integrating the total trans-
mitted intensity in each frame or using a photomultiplier tube
for convenience.

In order to retrieve the microscopic scattering coefficients
associated with the observed diffusive rates, anisotropic MC
simulations are performed by varying the scattering coefficient
tensor components until the experimental MSD growth and
the time-resolved transmittance curves are simultaneously re-
produced with a single simulation. To this purpose, we used
the PyXOpto open-source implementation of the MC method,
which is capable of handling tensor scattering properties.26 In
the fitting procedure, the three components of the scattering ten-
sor μs;x, μs;y, and μs;z are used as independent free parameters,
plus a scalar asymmetry factor g that is applied to all three axes.

4 Results
We characterize light transport experimentally in two common
materials: polytetrafluoroethylene (PTFE) (Teflon) tape and
paper, both of which are generally known for their highly aniso-
tropic structure and vanishing absorption at visible and near-

infrared wavelengths. Notably, paper and PTFE tape are also
commonly indicated as reference diffusers in the evaluation
protocols for the temporal performance of near-infrared spec-
troscopy applications, based on the assumption that they
contribute negligibly to the temporal dispersion of the illumina-
tion pulse.27 However, to the best of our knowledge, the trans-
port mean free path in these materials is not known precisely, as
previous time-resolved measurements were unable to appreciate
their multiple scattering regimes.28

In the following, we perform time-domain transmittance
measurements through these samples and analyze the results
using both isotropic and anisotropic MC simulations, which
allows us to determine the magnitude of the error introduced
by not accounting properly for the structural anisotropy of the
materials.

4.1 PTFE Tape

The first sample we consider is a strip of Teflon tape commonly
used for sealing pipe threads. Teflon tape is made by PTFE
fibers exhibiting a preferential alignment, which endows it with
a marked structural anisotropy. This anisotropy affects also
light-transport properties, as confirmed by previous reports
on the observation of direction-dependent light diffusion in this
material.29,30

We measure the transmittance through a freestanding strip of
tape at a probe wavelength of 1525 nm. The tape sample is at-
tached on a rotating mount to allow its alignment with the labo-
ratory reference frame [Fig. 2(c)] and verify that the elongated
transmittance profiles rotate integrally with the sample. The
analysis reveals the presence of a direction of faster diffusion
at an angle of ∼45 deg with respect to the direction of the tape
strip. This angle corresponds to the direction perpendicular to
the alignment of the PTFE fibers, as determined by scanning
electron microscopy images, in agreement with previous

(a)

(c) t1 t2 t3 t4

(b)

Fig. 2 (a) Sketch of the experimental setup for time-resolved measurements when using a
1525 nm probing wavelength. Ti:Sa, titanium sapphire fs laser; OPO, optical parametric oscillator;
BBO, β-barium borate nonlinear crystal; CCD, charge-coupled device camera; PMT, photomulti-
plier tube. (b) Schematics of the transient imaging measurement on a slab sample. The instanta-
neous spatial distribution of transmitted intensity is imaged at different time delays. (c) Photograph
of the paper Post-it note (left) and PTFE tape strip (right) with corresponding scanning electron
microscope images of the two samples (insets). Scale bars correspond to 100 and 30 μm for
paper and PTFE tape, respectively.
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reports.29 Closer inspection of the electron microscopy picture
shows that the polymer fibers have a flattened shape along the
main plane of the tape and are further fused together to form
planar flakes on its external surface. This morphology suggests
that different scattering coefficients could be found along each
direction, resulting in a fully anisotropic sample.

The main set of transient imaging measurements was per-
formed in a fixed orientation configuration (Fig. 3), rotated
so that the faster axis of diffusion coincides with the x axis
in the laboratory reference frame. An average refractive index
of n ¼ 1.05 was evaluated for the slab using the Bruggeman
mixing rule31 based on the PTFE/air volume fraction estimated
by a weighting method. Sample thickness was set to
L ¼ 200 μm, as directed by the tape manufacturer. The diffu-
sion coefficients can be derived directly with a linear regression
on the MSD evolution after the initial transient for x and y
[Fig. 4(a)], returning values of Dx ¼ ð289� 7Þ × 102 μm2 ps−1
and Dy ¼ ð117� 2Þ × 102 μm2 ps−1.

The resulting best-fit MC simulation is in excellent agree-
ment with both the MSD evolution and the time-resolved trans-
mitted intensity, reproducing also finer experimental features
such as the initial acceleration and subsequent slowing down
of the fast-axis MSD growth [Fig. 4(a)], or the more prominent
transmittance peak at t ∼ 1 ps [Fig. 4(b)].

The corresponding effective transport mean free path
values are l̃�

x ¼ ð210� 20Þ μm, l̃�
y ¼ ð95� 7Þ μm, and l̃�

z ¼
ð130� 14Þ μm, which remain basically unaltered when forcing
different values of g around its fitted value of 0.9.

It is interesting to note that the ratio between the diffusive
constants Dx∕Dy ¼ 2.47 is appreciably different from the ratio
between the effective transport mean free paths l̃�

x∕l̃�
y ¼ 2.21,

which confirms the different roles taken by these two parameters
and shows that a direct measurement of the diffusion dynamics
does not even provide relative information on the microscopic
degree of anisotropy due to the nontrivial mixing of the scatter-
ing coefficients along all directions.

An attempt to fit the time-resolved experimental data is also
performed assuming an isotropic MC model, using the previ-
ously determined values for n, μa, and g, with μs;iso as the only
free parameter. The result shows a comparable agreement
[Fig. 4(b)], returning, however, a value that differs by 24% from
the actual scattering coefficient along the z axis, as summarized
in Table 1.

4.2 Paper

The second anisotropic sample that we study is a piece of
common paper, which is a material known for its structural

t

Fig. 3 Selection of transient imaging measurements (top) and corresponding best-fit MC simu-
lations (bottom) of the transmitted intensity distribution recorded at different times for the PTFE
tape sample probed at 1525 nm. Each frame shows an area of 7.4 mm × 7.4 mm and is normal-
ized to its maximum intensity value. The time delay between consecutive frames is Δt ¼ 1.33 ps.
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Fig. 4 (a) MSD and (b) time-resolved transmitted intensity of PTFE tape. Solid lines represent the
best-fit anisotropic MC simulations, obtained with μs;x ¼48mm−1, μs;y ¼105mm−1, μs;z ¼77mm−1,
g ¼ 0.9, and μa ¼ 0. The dashed purple curve shows a fit performed with an isotropic MC sim-
ulation with μs;iso ¼ 95 mm−1. Shaded areas represent (a) the compounded uncertainty from the
pixel-to-micrometer conversion and the bivariate Gaussian fit and (b) 1σ of the average between
five different sample positions, respectively.
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anisotropy arising from the preferential alignment of its cellu-
lose fibers imparted during its industrial fabrication process.32–34

A Post-it note was tested in a transmission configuration at
a probing wavelength of 820 nm, aligning the fast diffusion
direction along the y axis (Fig. 5).

Sample thickness was determined by directly measuring a
stack of 50 Post-it notes using a precision micrometer, yielding
a value of L ¼ ð100� 5Þ μm, while its effective refractive index
was evaluated at n ¼ 1.25 using the same method applied for the
PTFE tape. In contrast with the previous case, a small but meas-
urable absorption coefficient was detected and independently

confirmed at a value of μa ¼ 0.015 mm−1 by an additional
time-resolved reflectance measurement by a thick stack of
Post-it notes. This value was used in the subsequent analysis,
together with a value of g ¼ 0.8, in agreement with previous
estimates in the literature.35,36 The diffusive coefficients mea-
sured from the MSD growth rates [Fig. 6(a)] are Dx ¼ ð18.8�
1.1Þ × 102 μm2 ps−1 and Dy ¼ ð26� 2Þ × 102 μm2 ps−1,
where the larger uncertainty compared to the case of the
PTFE tape is determined by the larger inherent inhomogeneity
of paper, which exhibits slight density and thickness fluctua-
tions at different positions.

As in the previous case, the resulting best-fit anisotropic
model shows a good agreement with both the MSD evolution
and the time-resolved measurement [Fig. 6(b)], excluding an in-
itial transient affected by the local inhomogeneities at the illu-
mination spot. The fit returned effective scattering mean free
path values of l̃�

x ¼ ð22.4� 1.8Þ μm, l̃�
y ¼ ð34� 3Þ μm, and

l̃�
z ¼ ð14.6� 1.7Þ μm. A ratio of Dy∕Dx ¼ 1.38 is found be-

tween the diffusive coefficients, to be compared with a value of
l̃�
y∕l̃�

x ¼ 1.52 for the corresponding effective mean free paths.
The best fit obtained using an isotropic MC model is also

shown in Fig. 6(b), showing also in this case very good agreement
at the cost of a 36% systematic error in the retrieved scattering
coefficient. All fitted parameters are summarized in Table 1.

Table 1 Effective transport mean free paths l̃�
i along different

directions retrieved with anisotropic MC simulations for PTFE
tape and paper. The transport mean free paths retrieved with iso-
tropic MC modeling (l�

iso) are also reported to show the degree of
error introduced by neglecting the presence of anisotropy.

Sample l̃�
x [μm] l̃�

y [μm] l̃�
z [μm] l�

iso [μm]

PTFE 210(20) 95(7) 130(14) 105(13)

Paper 22.4(1.8) 34(3) 14.6(1.7) 11(1)

(a) (b)

Fig. 6 (a) MSD and (b) time-resolved transmitted intensity of paper. Solid lines represent the best-
fit anisotropic MC simulations, obtained with μs;x ¼ 223 mm−1, μs;y ¼ 148 mm−1, μs;z ¼ 343 mm−1,
g ¼ 0.8, and μa ¼ 0.015 mm−1. The dashed purple curve shows a fit performed with an isotropic
MC simulation with μs;iso ¼ 455 mm−1. Shaded areas represent (a) the compounded uncertainty
from the pixel-to-micrometer conversion and the bivariate Gaussian fit and (b) 1σ of the average
between six different sample positions, respectively.

t

Fig. 5 Selection of transient imaging measurements (top) and corresponding best-fit MC simu-
lations (bottom) of the transmitted intensity distribution recorded at different times for the Post-it
note performed at 820 nm probing wavelength. Each frame shows an area of 2.7 mm × 2.7 mm
and is normalized to its maximum value. The time delay between consecutive frames isΔt ¼ 1 ps.
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5 Discussion and Conclusion
In this work, we presented optical gating as a versatile transient
imaging method for the study of direction-dependent diffusion
of light in structurally anisotropic materials. The experimental
intensity profiles can be directly compared against the output of
a general and open-source MC description of anisotropic light
propagation to retrieve the full transport coefficient tensor of
arbitrary anisotropic materials. We demonstrate our analysis
for two common materials exhibiting different diffusive rates
along each axis, showing how their time-resolved traces can
be easily reproduced with either isotropic or anisotropic MC
models. Due to the interplay among all components of the scat-
tering tensor, assuming an isotropic model for an anisotropic
material can lead to a substantial error in the determination
of the true transport mean free path of a scattering sample, even
when the measurement is intended to retrieve only the compo-
nent along the normal direction to the sample interface. It is also
interesting to note that, for the relatively thin samples studied
here, the transport mean free path retrieved under the (incorrect)
isotropic transport assumption is typically shorter than the direc-
tion-averaged value, and in the case of paper, even shorter than
the shortest component of the corresponding anisotropic mean
free path tensor.

Despite the significant advancement offered by new experi-
mental techniques and numerical methods, the complete charac-
terization of structurally anisotropic scattering materials presents
still several open challenges. Significant cross talk is expected,
for instance, when approaching the inverse problem for samples
exhibiting anisotropic scattering coefficients combined with bi-
refringence, tensor scattering asymmetry, or tensor absorption
properties. This is commonly the case for several common ma-
terials, such as biological tissues37–41 or liquid crystals42,43—
which will likely require an even larger number of independent
measurements to constrain the inverse problem associated with
the accurate retrieval of their optical properties—but also for
media presenting different orientations of their structural
anisotropy at different locations, such as the brain,44–46teeth,47,48

skin under mechanical deformation,49,50 or sea ice.51,52 On the
other hand, the correct assessment of anisotropic light transport
may also offer some opportunities for applications, e.g., in the
ink-printing industry53,54 or in the field of imaging through scat-
tering media, where the narrower angular distributions associated
with strongly anisotropic transport may introduce correlations
similar to those found for strongly forward-scattering materials.55

Our results highlight the importance of taking into account
the presence of structural anisotropy in scattering materials, and
the need to investigate all directions rather than just planar or
perpendicular propagation, as they all contribute to the determi-
nation of the actual transport mean free path along a direction of
interest. In addition, we further evaluated the potential errors
incurred when using an isotropic model for the interpretation
of anisotropic transport data, which show a tendency to overesti-
mate the true scattering strength in the case of turbid anisotropic
materials. Notably, this approach has been often used for the
characterization of highly scattering materials and their inter-
comparison in terms of scattering efficiency along the thickness
direction, which calls for a careful reanalysis of previously pub-
lished results in light of this potential systematic bias. To this
purpose, the development of new scattering phantoms with con-
trolled structural anisotropy is strongly needed for further
validation of this interplay in samples with different anisotropic

morphologies and to advance our understanding of how to cor-
rectly model materials where both the scattering coefficient and
the scattering asymmetry factor are direction-dependent.
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