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ABSTRACT 
Focused ultrasound (FUS) is an emerging technique with 

the potential to revolutionize traditional treatment methods in the 
fields of oncology and neurosurgery. Recently, FUS treatments 
have shown potential for altering neural activity in the spinal 
cord, with the intent to alleviate pain.  Preliminary animal 
studies using FUS have demonstrated the need for transducer 
accessories that can simplify the implementation of the 
transducer in the clinic. The coupling cone that was supplied 
with the transducer was designed for larger target tissues. Thus, 
surgeons have expressed a desire to adapt the cone design to be 
easier to use for smaller targets, such as the spinal cord. Here, 
we developed 3D printed cones, with smaller aperture sizes, for 
FUS transducers to assist surgeons in localizing the focal point 
of the transducers in a faster, and more intuitive manner. The 
cones were designed to not alter the original focal region of the 
transducers. This was experimentally confirmed by measuring 
the size of the focal region for the transducer with the new cones 
and comparing this data to measurements provided by the 
manufacturer. The new coupling cones will make the FUS 
transducers more ergonomic for use in stimulating the spinal 
cord in an animal model. 
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NOMENCLATURE 
FUS   Focused Ultrasound 
HIFU  High-Intensity Focused Ultrasound 
LIFU  Low Intensity Focused Ultrasound 
CAD  Computer-Aided Design 
TPOTM                  Sonic Concept’s: Transducer Power Output 
 
1. INTRODUCTION 

FUS is the use of targeted ultrasound beams, with 
frequencies greater than 20kHz, that converge at a controlled 
region, known as the focal point. [1,2] FUS has been used in a 
variety of different applications, including: eliciting a cytotoxic 
response, immunomodulation, neuromodulation, thermal 
ablation, and histotripsy [3-5]. Each of these applications 
involves the localization of acoustic waves of either high or low 
intensities to induce an effect or trigger a biological response [2]. 
One such example is neuromodulation, a technique where 
stimulation or suppression of neural activity is performed by 
applying low intensity focused ultrasound (LIFU) [3,6]. To 
deliver the desired intensity, this technique employs the use of 
specialized transducers having a concave design [7]. Since 
ultrasound waves are invisible, information such as distance to 
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focus, and the size of the focal region for FUS transducers is 
crucial to prevent off-target sonication [8].  

Commercially available FUS systems, such as the 
NeuroFUS Pro, are typically designed for use with humans [9]. 
However, prior to trialling FUS for neuromodulation in humans, 
it is imperative to test this new therapy using an animal model. 
Unfortunately, the coupling cones that are supplied with the 
NeuroFUS transducers are designed for larger, human-sized 
target tissues. Therefore, clinicians have expressed a desire to 
simplify the implementation of the NeuroFUS transducers for 
use on smaller targets, such as the spinal cord in a rodent or 
porcine model. To improve the design of the NeuroFUS 
transducers by making the probes more ergonomic for clinical 
use, as well as improve the localization of the focal region during 
FUS treatments, a cone attachment for the transducer should be 
designed. The ideal cone design should assist the surgeons by 
guiding the delivery of acoustic pressure without interfering with 
the FUS transducers’ inherent ability to focus sound [10].  

Here we present three iterations of custom-designed cones 
for the 0.5 MHz cTX 500 NeuroFUS transducer developed by 
Sonic Concepts, Inc (Washington, USA). The performance of 
these cones was analyzed using a temperature sensitive liquid 
crystal sheet as well as a needle hydrophone. All of the designed 
cones did not affect the focal region size or pressure significantly. 
The new coupling cones will make the cTX 500 NeuroFUS 
transducer more ergonomic for use in stimulating the spinal cord 
in an animal model.  
 
2. MATERIALS AND METHODS 
       Three iterations of cones with varying aperture sizes were 
designed using Autodesk Fusion 360 (California, USA) and 
Solidworks (Massachusetts, USA). The cone designs were then 
3D printed using an Ultimaker S5 (Virginia, USA). An Edmund 
Optics thermal chromatic sheet (R25C5W) enabled the simple 
visualization of the focal spot size using the transducer with no 
cone and cone attachment. A needle hydrophone (Model: HNR-
0500, Onda, Sunnyvale, CA) was also used to measure the 
resulting voltages from the transducer with each cone design 
attached. An initial comparative study between the cTX 500 
transducer with no cone, coupling cone and a 15mm aperture 
cone attachment was performed. 
 
2.1 Cone Design 

A simplified schematic for the cTX 500 NeuroFUS 
transducer and an image of the cTX 500 transducer without an 
attached cone is shown in Figure 1. The cTfX 500 transducer 
has an operational frequency of 0.4-0.6 MHz with a center 
frequency of 0.5 MHz [9]. The focal region size is expected to 
have a lateral focal diameter of 3.14 mm and an axial focal length 
of 23.04 mm [9].  

 

 
FIGURE 1: A. SCHEMATIC DRAWING OF CTX 500 (IMAGE 
DERIVED FROM  [9]) B.  CTX 500 NEUROFUS PROBE 

 

 
FIGURE 3: EXPERIMENTAL SETUP FOR QUALITATIVE 
AND QUANTITATIVE TESTS. TRANSLATION SYSTEM 
ALLOWS MOVEMENT OF THE HYDROPHONE IN THE 
WATER TANK, TPO POWERS THE TRANSDUCER AND 
RHODES AND SCHWARX OSCILLOSCOPE MEASURES 
VOLTAGES, WATER CONDITIONING UNIT FOR DEGASSED 
WATER 
 

 

 
FIGURE 2: CAD MODEL OF THE ULTRASOUND PROBE 
CONE A. 15MM APERTURE, B. 8MM APERTURE, C. 3MM 
APERTURE WITH 30° ANGLE, D. DIAGRAMMATIC 
REPRESENTATION OF PLACEMENT OF THE ANGULAR TIP 
3MM CONE ON EXPOSED RODENT SPINAL CORD 
(ADAPTED FROM BIORENDER.COM (2022)) [12] 
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Cones with aperture sizes of 15mm, 8mm, 3mm, as well as 
a 3mm aperture cone with a 30° angle were developed. The new 
cone designs with varying aperture sizes are shown in Figure 2. 
The varying aperture sizes were chosen to investigate the trade-
offs, if any, between designing a cone which is small enough to 
match the width of the exposed spinal cord in animal studies, yet 
large enough to avoid influencing the focal spot of the 
transducer. The angled design of the 3mm aperture cone was also 
considered to simplify applying the focused transducer against 
the spinal cord. The ridges on exterior of the cones were designed 
to seat an O-ring, which secures a thin paraffin-like film against 
the aperture of the cone, to ensure ultrasound can be transmitted 
through the cone by the water-coupled transducer.  A simplified 
schematic demonstrating the use of the cone with a 3mm 
aperture, slanted at 30° angle, for stimulating the exposed spinal 
cord is also provided (see Figure 2D). The dimensions of the 
cones were compared to the dimensions of the spinal cord in 
order to assess accurate positioning of the cTX 500 transducer 
focal point within the spinal cord.  
 
2.2 Qualitative test using Thermal Chromatic Sheet 

The experimental setup consisted of a water tank with a 
water conditioning unit which degasses water and maintains the 
temperature of the water at a fixed value (see Figure 3). A 
UTEBIT magic arm clamp holds the transducer level in a 30x30 
cm water tank and the transducer is powered using a TPO (i.e., a 
waveform generator and power amplifier) built by Sonic 
Concepts Inc. A 5 x 5 mm Edmund Optics thermal chromatic 
film strip having a temperature sensitivity of 25°- 35°C is 
clamped underneath the transducer and held parallel to the 
aperture of the cone (see Figure 4).  The TPO was set to 72 mm 
distance to focus, 0.5 MHz, a 9.230 ms burst length, and a 15 ms 
period. The water tank was maintained at 24.8°C such that 
heating of the sheet due to the acoustic waves can be visualized. 
The transducer with coupling cone and the 15 mm aperture were 
used to stimulate the film. The thermal energy generated by the 
acoustic waves developed a focal spot on the thermal chromatic 
sheet, and the dimensions of this spot was compared to the 
expected dimensions of the focal point provided by the 

manufacturer. Any deviations in the dimensions of the expected 
focal spot were recorded. 

 
2.3 Quantitative test using Hydrophone 

The experimental setup was modified with the addition of 
a translational system, needle hydrophone, an oscilloscope 
(Rohdes & Schwarz, Malaysia), and a computational unit (see 
Figure 5). The transducer settings were set at to focus of 40.6mm 
distance to focus and an applied 15W maximum power per 
channel with a burst length of 4 msec for a period of 15 msec. 
The hydrophone was immersed in the water tank and positioned 
approximately at the set focal length of the transducer by 
centering it in the x,y plane and testing different z positions 
where the peak to peak voltage (Vpp) measured by the 
oscilloscope was maximized. After acquiring this position, the 
hydrophone was translated with a fixed step size in the xy plane 
recording the Vpp values at each point. The Vrms was obtained 
from these values using Equation 1:  

 
𝑉!"# = 0.707	𝑉$$ 	                            (1) 

 
A heatmap of the resultant Vrms values for no cone, coupling 

cone, and the 15mm aperture cone were compared and any 
deviations were recorded. This provides an approximate 
indication of the resulting acoustic intensity as it is directly 
related to the Vrms values.  
 
3. RESULTS AND DISCUSSION 
 

The 3D printed cones (see Figure 6) were successfully 
printed and the analysis between the different cone designs was 
conducted. 

 
FIGURE 5: QUANTITATIVE TEST SETUP. THE 
TRANSDUCER A 15MM APERTURE CONE ATTACHED AND 
A NEEDLE HYDROPHONE PLACED PERPENDICULARLY 
BELOW AT APPROXIMATE FOCAL DISTANCE 

 

 
FIGURE 4: QUALITATIVE TEST SETUP. TRANSDUCER 
WITH COUPLING CONE AND 15MM APERTURE CONE 
ATTACHED AND THERMAL CHROMATIC SHEET PLACED 
PERPENDICULARLY BELOW AT APPROXIMATE FOCAL 
DISTANCE. 
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 After analyzing the specifications of the thermal 
chromatic sheet, there was an expected color change from red to 
blue as the temperature rose from 25° to 30° C (see Figure 7). 
Upon seeing this color change in the thermal chromatic sheet in 
the presence of ultrasound, the dimensions of the focal spot were 
recorded. The recorded focal spots using the original transducer 
cone and the 15mm 3D printed cone are given in Table 1.  

       The second test compared the 𝑉!"# values from the 
hydrophone readings for the transducer with no cone, a coupling 
cone, and the 15mm cone. The plots (see Figure 8) show the 
focal spot nearly at the center exhibiting a maximum value 
compared to the surrounding environment. A comparison 
between the measured 𝑉!"#  (Table 2) indicates that there is a 
minor deviation between each measurement. 

 
 

 
FIGURE 8: ESTIMATION OF VRMS USING HYDROPHONE. A. 
NO CONE B. COUPLING CONE C. 15MM CONE 
 

 

Sr. 
no Cone 

Focal spot 
diameter as 
per 
datasheet 
(mm) 

Observed 
focal spot 
diameter 
(mm) 

    1 Coupling 
cone 3.14 

3.21 

    2 15mm 
wide 3.25 

TABLE 1: FOCAL SPOT ESTIMATION FROM THERMAL 
CHROMIC SHEET 
 

 
FIGURE 6: 3D PRINTED CONES IN PLA. 15 MM 
APERTURE, 8MM APERTURE, 3MM APERTURE 30° 
COUPLING CONE (LEFT TO RIGHT) 
 

 
FIGURE 7: FOCAL SPOT VISUALIZATION USING 
THERMAL CHROMATIC SHEET. A. USING COUPLING 
CONE, B. 15MM APERTURE CONE 
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The intensity and the acoustic pressure can be derived from 
the Vrms values. Furthermore, the sensitivity of the transducer and 
the calibration factor of the hydrophone are found to influence 
the readings recorded from the oscilloscope. Based on the 
variation of 𝑉!"#, the Spatial Peak Temporal Intensity (𝐼#$%& ) 
values are expected to exhibit a margin of error.  
       The experiments described in Section 2.3 had several 
possible sources of error. Given the acoustic pressure intensity is 
equal to the square of the Vrms value, any deviations in the value 
of Vrms leads to significant error in the intensity calculations. 
Furthermore, the focal point was acquired using a manually 
adjustable positioning system. Therefore, the focal point derived 
in this experiment may not be the true focal point or in the focal 
plane. The resolution of Vpp recordings could also be improved 
by reducing the step size for the translational system. It is 
important to note that the grading lobes (see Figure 8C) located 
around the focal point may be altered using a smaller aperture 
cone. 

Therefore, future studies should investigate the influence of 
the cone designs on the whole acoustic pressure field generated 
by the transducers, and not just the focal point. Additionally, the 
current 3D printed cones have small crevices on their surface, 
which may pose as potential traps for air bubbles. Future 3D 
printed cones should be manufactured using a polishing step, to 
help smooth the cone surfaces to minimize the potential for air 
bubble cavitation. 

Moreover, it is believed that the error margins can be 
reduced to less than 10% through a combination of the following 
approaches: automating the z-axis adjustments, leveling the 
transducer to a higher degree of precision, and reducing the step 
size of data collection. Additionally, further work needs to be 
performed to identify the optimal aperture size which will be 
implemented in further experiments.  

Given FUS can have a cytotoxic effect, control over where 
sound is traveling and minimizing off-target effects is very 
important to ensure accuracy for the treatment approach. 
Additionally, HIFU treatment can also be affected due to patient 
movement  [4].Erroneous heating effects due to patient motion 
and poor targeting can cause undesirable tissue damage, such as 
burns [11]. Therefore, further development of accessories for the 
cTX-500, such as a probe holder should also be investigated in 
the future [5].  

The bench experiments will help confirm the impact of the 
cone designs on the intensity and acoustic pressure delivered by 
the transducers. After investigating the effects of the cones on 
these parameters, the cones will be tested in an animal model 

(i.e., rodents) after a laminectomy (see Figure 2D). This will 
help the clinicians gauge which cone design is favorable in terms 
of ergonomics and accuracy in targeting.  The impact of the 
different cone designs on the neuromodulatory effect in the 
exposed spinal cord will also be studied. These studies will not 
only help identify the suitable cone design for animal studies but 
also aid in designing a cone for future clinical studies. 
 

4. CONCLUSION 
This study presented custom cone designs to assist in 

improving clinical outcomes by improving the ergonomic design 
and ease of use for focused ultrasound treatments. As this study 
progresses, the work presented herein can be translated to other 
NeuroFUS transducers, (i.e., the 0.25 MHz, 1 MHz, and 2.5 MHz 
probes) so that they too can be easier to use for animal research. 
Future work on improving the ergonomic design of 
commercially available FUS probes will help both researchers 
and clinicians develop new FUS-based therapies. 
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