
Intense Focused Ultrasound (iFU) for Localizing Pain

Pain is often challenging to localize and properly diagnose. Back pain is

especially difficult to diagnose (and therefore treat) because of its complex

mechanical structure (facets, ligaments, vertebral body, discs, etc). While

anatomical abnormalities may be visualized using standard imaging

techniques such as MRI or CT scan, those abnormalities are often not the

source of pain. For example, to assay directly for pain caused by discs in

the spine, discography (Fig. 1) may be performed using long needles to

inject sterile saline into the candidate painful disc, thus inflating the disc and

evaluating the patientôsresponse. Besides being invasive, this method can

only test discs as sources of pain, which are just one of many potentially

painful structures in the back. A new clinically-applicable diagnostic device

is needed to non-invasively localize deep pain.

The Mourad Lab specializes in using an experimental type of ultrasound,

called iFU (intense focused ultrasound) to help diagnose and therefore treat

patients. iFU is different from the diagnostic ultrasound that is commonly

used for imaging in that it is far more powerful, and focused into a very small

spot (about the size of a grain of rice) which can displace or push tissue and

create heat at that focus (Fig. 2), yet not alter the tissueôsproperties.

Fig. 2 The spatial structure of intense focused ultrasound (iFU). 
iFU creates a mechanical push (as measured in brain tissue displacement on right) 

and thermal stimulation (left) at its focal point alone.

The goal of our project is to test and develop a new diagnostic method that

uses iFU to non-invasively localize pain by way of its ability to produce

focal stimulation that is deep to the skin.

Here we demonstrate that iFU can be used to localize a deep pain generator.

The device we use to emit iFU can be placed almost anywhere in or around

the body, under MRI or ultrasound-image guidance, allowing us to focus our

ópushôor ówarmôonly on specific targets. Stimulating pain-generating

structures with iFU under image guidance should elicit a diagnostic

sensation at a lower threshold than stimulating normal structures. In this

way we anticipate being able to correlate the source of deep focal pain to the

particular anatomical structure that is the source of the pain.

Fig. 1 There are many 
possible pain generating 

structures in the back
(left), and current 

methods of diagnosing 
this pain, such as 

discography (right) are 
invasive,  costly and still 

cannot test all the 
possible sources of the 

pain.
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Behavioral Studies
We anticipated that because the neuroma causes deep focal pain, direct palpation of

the neuroma with iFU would evoke a withdrawal response. By correlating a withdrawal

response to a particular depth and area in the tissue, we demonstrate that iFU can non-

invasively stimulate and thereby localize and therefore help diagnose deep pain.

Beginning five days after surgery, we directed iFU to the neuroma. While under light

Isoflurane anesthesia (0.5-1% Isoflurane), we used Von Frey filaments (quantitative

mechanical stimulators) to find the neuroma, evaluate its sensitivity compared to

surrounding tissue, and to aid in determination of an adequately low level of

anesthesia. Using lasers attached to the iFU device, we guided the iFU focus first to

the neuroma and then to a control tissue location approximately 1 centimeter proximal

relative to the neuroma. By starting with low intensities and moving systematically to

higher intensities, we determined the threshold intensity of iFU necessary to elicit a

reflex response to neuroma stimulation but not to control tissue stimulation. When we

elicited three consecutive positive responses from the neuroma and three negative

responses from the control, we recorded that iFU intensity as the ratôsthreshold for

that day. We performed a total of 31 tests on 7 rats and were able to find an iFU

threshold in 21 of those tests. In this manner, we have successfully shown that we

can use iFU to localize a deep pain generator.

Fig. 4 Laser guidance of iFU , a necessary step before ultrasound image guidance 
of iFU.  iFU will be directed at the neuroma with the guidance of lasers which are 

attached to the ultrasound device. 

To create an animal model of deep pain, we perform a surgery on rats that creates a

peripheral nerve injury leading to the formation of a painful neuroma that is accessible

to experimental testing and away from the site of surgery. We have adopted the tibial

neuroma transposition (TNT) (Dorsi et al.) model of neuroma pain and hyperalgesia.

The posterior tibial and calcaneal nerves are exposed and cut at a site proximal to the

plantar bifurcation. The cut nerve is then brought over to the other side of the leg, just

above the lateral malleolus, where the neuroma will form away from the site of surgery.

This will ensure that abnormal sensations arising from this site are independent of

sensations due to stimulation of the local tissue that is not the neuroma.

Neuroma Model

Fig. 3 (right) Schematic of the surgery  This 
illustration depicts the original tibial neuroma 

transposition (TNT) model and ( above) end 
position of the relocated nerve 

(Dorsi, et al., 2007)
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Next Steps
We have established our animal model for deep focal pain. We have

demonstrated that we can localize a deep pain generator (the neuroma) with

iFU stimulation using lasers to guide iFU placement. With these laser-

guided results in hand, we will perform the same experiment using iFU under

image guidance through the physical coupling of the iFU transducer with a

diagnostic ultrasound scan head (below left). We will also continue to

perform acute and survival safety studies.
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Safety Studies
Acute safety studies were performed to demonstrate the safety of iFU

application. Specifically, we apply iFU to muscle and nerve at an intensity

comparable to the threshold established in the behavioral studies, and

increase this value systematically until a threshold for cell damage is

reached. We sought to identify tissue damage by examining cell structure

microscopically. We found an iFU dose that caused acute damage in muscle,

which presented itself as a combination of mechanical disruption and protein

denaturation likely due to the thermal and mechanical stimulation produced

by iFU (see figures below). With regard to peripheral nerve, however, we

have yet to produce observable damage acutely. Further acute safety studies

will continue to definitively establish margins of safety for iFU application to

muscle and nerve. Once we have established a reliable margin of safety for

acute iFU application, we will transition to survival safety studies.

Fig. 5 In the above three panels (A, B, C) we show the effects of acutely applying supra -
threshold doses of iFU to exposed gastrocnemius muscle of a rat. Figures A and C are 

indicative of acute damage to muscle tissue, while Figure B shows tissue unaffected by iFU
application.  Here, all three applications occurred in the same block of muscle tissue, ~5 mm 

from each other along a line, guided with the laser system described in Figure 4.
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