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Abstract—Acoustic holography is a promising technique in
transcranial therapeutic ultrasound, enabling precise wavefront
shaping to compensate skull-induced aberrations using single-
element transducers. Traditionally, the design of these holograms
has relied on full-wave simulations based on acoustic properties
extracted from computed tomography (CT), exposing the patient
to ionizing radiation. In this study, we present a radiation-
free alternative by employing Zero Echo Time (ZTE) magnetic
resonance imaging (MRI), capable of capturing signal from bone
tissue. By establishing a linear correlation between ZTE intensity
values and CT Hounsfield units, we generate pseudo-CT images
suitable for acoustic simulation. Simulated results on 5 patients
demonstrate that holograms based on pseudo-CT data achieve a
peak pressure at focus with mean reduction of 5.38% and about
1 mm spatial deviation respect to those obtained using CT data.
This approach provides a viable pathway for implementing safe,
patient-specific, wearable holographic systems for transcranial
ultrasound therapy without the need of ionizing radiation.

Index Terms—Transcranial Therapeutic Ultrasound, Acoustic
Holography, Zero Echo Time.

I. INTRODUCTION

Therapeutic ultrasound is a minimally invasive technique
that enables the precise targeting of brain structures, offering
promising applications in the treatment of central nervous
system disorders [1]. However, skull induces aberrations,
attenuation and beam defocusing due to its high impedance,
heterogeneity and complex morphology. To overcome these
limitations, acoustic holograms have been proposed. These
3D-printed passive lenses are placed over single element
transducers and can encode complex wavefronts to produce
arbitrary fields. In addition, acoustic holograms can locally
modulate the phase of the ultrasound beam to correct
skull-induced aberrations and focus on the desired brain
regions [2]. These devices have been proposed for several
applications like localized drug delivery [3], local passive
cavitation monitoring [4], generating thermal patterns for
localized hyperthermia [5], generating complex fields like
vortices for particle trapping [6], or to control scattering to
improve ultrafast imaging [7].

For transcranial ultrasound, the design of acoustic
holograms requires full-wave simulations based on the
acoustic properties of the tissues of each patient. The critical

magnitudes are the sound speed and density of the human
skull bones. Those properties are typically obtained from
computed tomography (CT) [8]. However, CT exposes
patients to ionizing radiation, which is undesirable. For
phased-arrays, pseudo-CT obtained by magnetic resonance
imaging (MRI) have been proposed in the past by using
T1-weighted MRI [9]. However, in T1-weighted images,
signal acquisition begins after a delay (echo time, TE),
which causes the rapidly decaying signals from bone to
disappear before they can be captured, leading to bone
appearing signal void (dark), making it difficult to extract
accurate anatomical or density information. On the other
hand, Zero Echo Time (ZTE) MRI enables signal acquisition
almost immediately after radio-frequency excitation, allowing
detection of fast-decaying signal from bone tissues [10]. This
results in high-contrast images where bone is clearly visible,
enabling the generation of pseudo-CTs that closely match the
spatial and density distribution of actual CT scans [11]. In
this study, we propose the use of ZTE-MRI as a radiation-free
alternative for hologram design.

II. MATERIALS AND METHODS
A. CT and ZTE images

CT and ZTE images used in this work were obtained
and provided by the Centro Integral de Neurociencias A.C.
(HM CINAC) in Hospital Universitario HM Puerta del Sur
(Madrid, Spain), all patients provided written consent for
data collection. The registration of both images is performed
using the software 3DSlicer. The gold standard density
and sound velocity of hard and soft tissues are obtained
from HU intensity values in CT considering X-ray attenuation.

Following the methodology proposed by Miscouridou et
al. [11], ZTE images are post-processed using a bias-field
correction filter to compensate for intensity inhomogeneities.
Voxel intensities are normalized relative to the soft tissue
peak to ensure consistent scaling across datasets. A threshold
is then applied to the normalized ZTE image to generate
a binary skull mask, which is refined using morphological
operations to fill gaps and ensure mask continuity. This mask
is used to identify the voxels for which the linear regression
HUcr = —2085 - ZTE —2329 is applied in order to generate
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Fig. 1. Phase distribution of the wavefront recorded over the holographic plane
coming from the virtual source, taking into account the acoustic properties of
(a) the CT image and (b) the pseudo-CT image.

pseudo-CT images, where HUqr are the pseudo-CT values
in Hounsfield units and ZT F is the intensity of the processed
ZTE data.

B. Acoustic simulations

A flat circular single-element transducer with a diameter
of 65 mm and a central frequency of 650 kHz placed over
the temporal bone window is used for acoustic simulations.
Those are performed in the time domain using Matlab
k-Wave toolbox, which employs a pseudo-spectral time-
domain simulation method in k-space to model ultrasound
propagation in heterogeneous media. To design the hologram,
a virtual source is placed at the center of the therapeutic
structure, the ventralis intermedius nucleus (VIM), previously
segmented and registered for each subject. It emits a 100-cycle
sinusoidal pulse at the central frequency of the transducer. As
the wave propagates through the skull, it undergoes distortion
due to differences in sound speed, density and attenuation,
relative to those of soft tissues. The resulting wavefront is
captured on the holographic plane; the phase distribution
is used to design the geometry of the acoustic lens. Two
simulations are performed, one using CT-derived acoustic
properties and the other, using pseudo-CT data. This yields
two sets of personalized acoustic holograms, as Fig. 1 shows.

A second simulation is performed to evaluate the focusing
performance of the designed holographic lenses. The same
acoustic wave is now emitted from the transducer, it propagates
through the holographic lens, which modulates its phase,
and then through the skull, enabling the focalization over
the desired structure. The resulting pressure field is recorded
for analysis. In the first situation, the lens designed using
CT-derived acoustic properties is evaluated under matching
conditions (CT-CT). In the second situation, pseudo-CT based
lens performance is evaluated under CT acoustic properties in
an effort to approximate the most realistic clinical scenario
(ZTE-CT).

III. RESULTS

The acoustic fields obtained considering the holographic
lens designed using CT and ZTE derived acoustic properties
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Fig. 2. Simulated field XY and YZ planes amplitude distribution of acoustic
field. (a) and (b) for the CT-CT simulation conditions, (¢) and (d) for ZTE-CT
conditions.
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Fig. 3. (a) Mean focus deviation in the beam propagation axis. (b) Mean

normalized peak pressure measured at the beam, focus. Kologorov-Smirnov
test (p<0.05), establishes that there is no significant difference between
CT-CT and ZTE-CT.

are evaluated in 5 anonymized patients. In Fig. 2, the resulting
acoustic fields obtained in the different considered situations
for a particular patient are analyzed, being (a) and (b) XZ
and YZ plans for CT-CT, and (c) and (d) for ZTE-CT,
respectively. The differences between the resulting acoustic
fields are quantified in terms of variations in focal position
and peak pressure at the focus. Fig. 3 (a) illustrates the
deviation along the axial axis with respect to the coordinates
of the virtual source defined for the holographic lens design,
establishing that there is no significant difference between
simulation conditions. A deviation of 1.02 4+ 1.97 mm along
the beam propagation axis is observed between CT-CT and
ZTE-CT simulations. Regarding pressure values, a decrease
of 5.38% in the maximum focal pressure is observed in
ZTE-CT field compared to CT-CT field. Fig. 3 (b) presents
the mean maximum pressure measured at the focus for the 5
anonymized patients under each simulation condition.
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IV. CONCLUSIONS

Using ZTE-MRI data, pseudo-CT images are generated
to accurately estimate skull acoustic properties, enabling the
design of subject-specific holographic lenses. Comparative
analyses of the acoustic fields obtained by CT-based and
pseudo-CT based lens demonstrate minimal discrepancies
in focal location and peak pressure amplitudes. These
results validate the feasibility of ZTE-MRI as a non-ionizing
alternative to CT for patient specific hologram generation.
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